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What’s new?

updated 1 June 2021

Fat book slim

Jonas Rademacker (University of Bristol)

The Review of Particle Physics (2020)

P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020).

ORDER: Book & Booklet

Mobile Particle Physics Booklet

DOWNLOAD: Book, Booklet, more

Previous Editions (& Errata) 1957-2019  Physical Constants

Errata in current edition
Figures in reviews

Mirror Sites

CPEP Charts

v HEP Papers

All pages © 2020 Regents o
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~  Databases & Info

Astrophysical Constants
Atomic & Nuclear Properties
Astrophysics & Cosmology

PDG Outreach

Funded by:

the University of Califor

[ PHYSICAL REVIEW D

Review of Particle DP“h“Z:I;:

M. Tanaboshi e ol. (arice Doo O

PDG on Charm

particleidata group.

2021 Review of Particle Physics.
P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update
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The future

1996

1986

1976

- With only 64 years of age, the PDG
feels younger than ever.

arkas and Rosenfeld UCRL-8030 Table!

Masses and mean lives of el y particles; N . 1957
(The antiparticles are assumed to have the same spins, masses, and mean lives as the particles listed)

- Managing the ever increasing data i T G

(Errors represent difference (sec) (number
0 . . nlnd::‘d. ;i).v(nlon) (Mev) "pco;w :
and presenting them in an accessible
ot JS (RO 05 R S SO U SR oz O SR,
way has become increasingly difficult.  § = e e :
3 w 3 10570 4006 @ @2 20.02) x10°6 0.45 X108
E 1 DumNEm ep . TEMRRG B
- « . 7 ]
H x* 0 494.0 20.2 (‘)J (1.22420.013)x %08 (n) 0.813 x 168
1 x° 0 4944 als (l)} o3 Ky:  (0.95 %0.08) X10710 (e} 1.05 x 1010
H : . . Ky: (4<7<13) x10°8 () (0.07<7<0.25)%108
° Clearly, onllne/app will be mcreasmgly """""" P e e e
. . n ) 939.506 40,01 (a) (1.04 -o.u)xno‘:o a) 0.96 xlol-;
. 3 .77 20.15) X10-10 ()} 036 X 10
important (but books still very OO P v giore it
i z- % 11965 405 (-)}} s.o"" (1,67 £0.17) X10-10 (o) 0.60 x 1010
popular). & 2 4 wefi e U9 S el e L
? 13204 %22 (q) (4.6<7<200)x10710 () (>0.005,20.2) X100
?

Masses and mean lifetimes of elementary particles, as shown in Table I of the first
wallet card issued in 1957. Image credit: Barkas and Rosenfeld, UCRL-8030.

 Currently working on making all PDG
data available in machine readable
form.

@ The printed Booklet
@ The web version or Android app

| have no use for either version of the
Booklet
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a DOE Science &
@doescience

g

The 2,000+ page book of particle physics reference
data managed by the Particle Data Group started in 1957
as a simple wallet card. Since then, it's grown to be the

reference guide for particle physicists. Get to know this
#SCPuReData resource: pdg.lbl.gov

particle data group

9:56 pm - 26 May 2021 - Sprout Social
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Public Reusable Research (PuRe) Data Resources

PDG has been been designated by the DOE as a PuRe resource.

% ENERGY |2
doescience
ok @

D DOE Science &

You want data? We've got data! In fact, @Energy Office

of Science has developed a new way to designate our

best data sets that are the authoritative resources in their

communities. Learn about our PuRe data resources.

#SCPuReData energy.gov/science/articl...

Research Funding

Community Research

User Facilities

11

Community Data Sets

11

- .

The Department of Energy | Office of Science

4:15 pm - 13 Apr 2021 - Sprout Social
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Browsing through the DY listings

2018

Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

DO 14P) = (07)

DO MASS
The fit includes D=, DO, D¥, D*%, D*0, D%, D; (2420)0, D3(2460)°,
and D51(2536)i mass and mass difference measurements.

Given the recent addition of much more precise measurements, we have
omitted all those masses published up through 1990. See any Review
before 2015 for those earlier results.

VALUE (MeV] EVTS DOCUMENT ID TECN COMMENT

2021

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

DO 1Py = 3(07)

DO MASS
The fit includes DE, DO, Dsi, D*E, p*0, D:i, D;(2420)°, D3 (2460)0,
and D51(2536)i mass and mass difference measurements.

Given the recent addition of much more precise measurements, we have
omitted all those masses published up through 1990. See any Review
before 2015 for those earlier results.

VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT

1864.84 +0.05 OUR FIT

1864.83 +£0.05 OUR FIT
1864.84 +0.05 OUR AVERAGE
1864.845+0.02540.057 63k
1864.75 +0.15 +0.11
1864.841+0.048+0.063 4.3k
1865.30 +0.33 +0.23 0.1k

1 TOMARADZE 14

AALJ
21 EES
ANASHIN

DO — K27t a—

13V LHCB DO — Ktok— 7t
135 BABR ete™ at T(45)
10A KEDR et e™at 4(3770)

1864.84 +0.05 OUR AVERAGE
1864.845+0.025+0.057 63k
1864.75 +0.15 £0.11

1864.841+0.048£0.063 4.3k
1865.30 +0.33 +0.23 0.1k
1864.847+0.150+£0.095 0.3k

1 TOMARADZE 14

AALJ
21EES

DO - K= 2ort 7™
13v LHCB DO — Ktok— gt
135 BABR ete™ at T(45)

ANASHIN 10A KEDR et e™at 1(3770)

M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

1864.847+0.1504+0.095 0.3k CAWLFIELD 07 CLEO DO — Kosa‘:

1 0btained by analyzing CLEO-c data but not authored by the CLEO Collaboration. The
largest source of error in the TOMARADZE 14 value is from the uncertainties in the
K~ and K% masses. The systematic error given above is the addition in quadrature of
+0.022 + 0.053 MeV, where the second error is from those mass uncertainties.

2The largest source of error in the LEES 13S value is from the uncertainty of the Kt
mass. The quoted systematic error is in fact £0.043 + 3 (mKJr — 493.677), in MeV.

mps — Mpg
Thefitincludes DE, DO, DE, D**, p*0, D%, D) (2420)0, D3(2460)0,

and D51(2536):t mass and mass difference measurements.

VALUE (MeV) DOCUMENT ID TECN COMMENT
4.822+0.015 OUR FIT
476 +0.12 +0.07 AALJ 13v LHCB Dt — Ktk zt

D9 MEAN LIFE

Measurements with an error > 10 x 10715 s have been omitted from the

average.
VALUE (10 15 s) EVTS DOCUMENT ID TECN COMMENT
410.1+ 1.5 OUR AVERAGE
400.6+ 1.1+ 1.5 210k LINK 02F FOCS + nucleus, ~ 180 GeV
407.94+ 6.0+ 4.3 10k KUSHNIR... 01 SELX K~ 7T, K- xtatz—
413 + 3 + 4 35k AITALA 99 E791 K~ xt
085+ 417 35 25k BONVICINI 99 CLE2 ete— ~ T(4S)
413 £ 4 +3 16k FRABETTI 94D E687 K~ nt, K- ntata—
HTTP://PDG.LBL.GOV Page 1 Created: 6/5/2018 19:00

Jonas Rademacker (University of Bristol)

CAWLFIELD 07 CLEO DO — K%qb

1 Obtained by analyzing CLEO-c data but not authored by the CLEO Collaboration. The
largest source of error in the TOMARADZE 14 value is from the uncertainties in the
K™ and KOS masses. The systematic error given above is the addition in quadrature of
+0.022 & 0.053 MeV, where the second error is from those mass uncertainties.

2The largest source of error in the LEES 13S value is from the uncertainty of the Kt
mass. The quoted systematic error is in fact +0.043 + 3 (mKJr — 493.677), in MeV.

Mp+ = Mpo
The fit includes D¥, DO, D, D*%, D*0, D¥%, D) (2420)0, D3(2460)0,

and D51(2536)i mass and mass difference measurements.

VALUE (MeV) DOCUMENT ID TECN COMMENT

4.822:10.015 OUR FIT

4.76 +£0.12 +0.07 AALJ 13V LHCB DT — KTk~ xt
D° MEAN LIFE
Measurements with an error > 10 x 10715 s have been omitted from the
average.
VALUE (1015 5 EVTS DOCUMENT ID TECN COMMENT

410.1+ 1.5 OUR AVERAGE

409.6+ 1.1+ 15 210k LINK 02F FOCS ~ nucleus, ~ 180 GeV
407.9+ 6.0+ 4.3 10k KUSHNIR... 01 SELX K~ 7T, K- atatz—
413 + 3 + 4 35k AITALA 996 E791 K~ nt

4085+ 417 gg 25k BONVICINI 99 CLE2 ete™ ~ T(45)

413 £ 4 +£3 16k FRABETTI 940 E687 K 71, K~ atatza—
https://pdg.Ibl.gov Page 1 Created: 6/1/2021 08:32

PDG on Charm
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PA. Zvla et al. (Particle Data Group),

Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update
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https://pdg.lbl.gov/index-2021.html
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Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

e o o We do not use the following data for averages, fits, limits, etc. o o

424 £11 + 7 5118 FRABETTI
417 +£18 +15 890 ALVAREZ

388 +33 641  1BARLAG

480 +£40 430 776 ALBRECHT
422 +8 +10 4212 RAAB

420 +50 90 BARLAG

91 E687
90 NA14
90Cc ACCM
881 ARG
88 E691
878 ACCM

1BARLAG 90C estimate systematic error to be negligible.

K=nt, K atatza—
K=rt, K atatza™
7~ Cu 230 GeV

ete™ 10 Gev
Photoproduction

K™ and 7~ 200 GeV

See the related review(s):
D% — D° Mixing

|mD?—ng|=:tr

The D(l) and Dg are the mass eigenstates of the DO meson, as described

in the note on “D9-D0 Mixing,” above. The experiments usually present

z = Am/T. Then Am =z =z h/T.

“OUR EVALUATION" comes from CPV allowing averages provided by the

Heavy Flavor Averaging Group, see the note on “p0-p0

VALUE (1010 7 s—1) cL%

DOCUMENT ID

TECN

Mixing.”

COMMENT

0.9510:41 OUR EVALUATION

0.8 £0.7 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram

below.
1 AAl
— 2.10+1.2040.41 2 AAL
3.7 £29 +15 3 LEES
4Ko
13740467328 5 PENG
6 AALTONEN

0.3940.56+£0.35

17A0 LHCB
16v LHCB
16D BABR
14 BELL
14  BELL

13AE CDF

7 DEL-AMO-SA..100 BABR

e o o We do not use the following data for averages, fits, limits,

8 AALJ
9 AAIJ
64 T4 +10 10 AUBERT
-2 11 LOWREY
+0.32 12
1.98+0.73 7032 ZHANG
< 7 95 13 ZHANG
—11  to+22 12 ASNER
<1 90 BITENC
< 30 ) CAWLFIELD
HTTP://PDG.LBL.GOV Page 2

13CE LHCB
13N LHCB
09AN BABR
09 CLEO
078 BELL
06 BELL
05 CLEO
05 BELL
05 CLEO

Created: 6/5/2018 19:00

Jonas Rademacker (University of Bristol)

ppat7, 8 TeV
ppat7 TeV
ete™, 10.6 GeV
ete” — T(nS)
ete™ — T(nS)
pp at 1.96 TeV
e+e’, 10.6 GeV
etc. o o @
Repl. by AAIJ 17A0
Repl. by AAIJ 13CE
ete™ at 10.58 GeV

et e at 4(3770)

Repl. by PENG 14
ete~
ete™ ~ 10 GeV

Browsing through the DY listings

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

e e o We do not use the following data for averages, fits, limits,

424 £11 £ 7 5118 FRABETTI 91 E687
417 £18 £15 890 ALVAREZ 90 NA14
388 +23 641  LBARLAG 90c ACCM
480 +£40 +£30 776 ALBRECHT 881 ARG
422 £ 8 £10 4212 RAAB 88  E691
420 £50 90 BARLAG 878 ACCM

1BARLAG 90C estimate systematic error to be negligible.

etc. e o @

K77r+, K- atatn—
K- nt, K rtatr—
7~ Cu 230 GeV

ete™ 10 Gev
Photoproduction

K™ and 7~ 200 GeV

See the related review(s):
D% — D° Mixing

The D(1) and Dg are the mass eigenstates of the po meson, as described

in the note on “DY-D0 Mixing,” above. The experiments usually present

z = Am/T. Then Am =2a T =z h/7.

"OUR EVALUATION" comes from CPV allowing averages provided by the

Heavy Flavor Averaging Group, see the note on “p0.D

VALUE (1010 7 s~ 1) cL% DOCUMENT ID TECN

Mixing."”

COMMENT

0.95+0-41 OUR EVALUATION
0.7 £0.4 OUR AVERAGE Error includes scale factor of

below.
+0.41 1

0667332 AALJ 19x LHCB

2 AALS 18K LHCB

— 2.1041.2040.41 3 AAL 16V LHCB
37 £2.9 +15 4LEES 160 BABR
5ko 14 BELL

1.37+0.4610-18 6 PENG 14 BELL

0.28
7 AALTONEN  13AE CDF
0.3940.56+0.35 8 DEL-AMO-SA..100 BABR
e o o \We do not use the following data for averages, fits, limits,

9 AALJ 17A0 LHCB

10 AAlY 13cE LHCB

11 AAl 13N LHCB

64 114 10 12 AUBERT 09AN BABR

-2 * 13 LOWREY 09 CLEO

198+0.73+032 14 ZHANG 078 BELL

< 7 95 15 ZHANG 06 BELL

—11  to+422 14 ASNER 05 CLEO

<1 9 BITENC 05 BELL
https://pdg.Ibl.gov Page 2

PDG on Charm Charm

1.4. See the ideogram

Do — K%r+ﬁ
ppat7, 8, 13 TeV
ppat7 TeV

et e™, 10.6 GeV
ete™ = T(nS)
ete™ = T(nS)
pp at 1.96 TeV
ete™, 10,6 GeV

etc. e o @

Repl. by AAIJ 18K
Repl. by AAIJ 17A0
Repl. by AAIJ 13CE

et e at 10.58 Gev
et e at ¢(3770)
Repl. by PENG 14
ete™

ete™ ~ 10 Gev

Created: 6/1/2021 08:32

2020-21, | wish | were in Mexico



Browsing through the DY list

Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

e o o We do not use the following data for averages, fits, limits, etc. o o

424 +11 £ 7 5118
417 +18 =+15

FRABETTI
ALVAREZ

VALUE (1010 7 s— 1) TCL%

DOCUMENT ID

91 E687
90 NA14

90C ACCM

RG

TECN

K=nt, K atatza—
K=rt, K atatza™

7~ Cu 230 GeV

ete™ 10 Gev
Photoproduction

ages provided by the
“p0-po

Mixing.”

COMMENT

— and m— 200 GeV

0 — DY Mixing

0.9510:41 OUR EVALUATION
0.8 £0.7 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram

below.

— 2.10£1.294+0.41
3.7 £29 +£15

+0.18
1.37£0.46 7 )58

0.3940.56+£0.35

64 T4 +10

+7
2 6

+0.32
1.9840.73 1032

< 7 95
—11  to +22

< 11 90

< 30 90

HTTP://PDG.LBL.GOV

1 AAl

2 AAL

3 LEES

4Ko

5 PENG

6 AALTONEN

17A0 LHCB
16v LHCB
16D BABR
14 BELL
14  BELL

13AE CDF

7 DEL-AMO-SA..100 BABR
e o o We do not use the following data for averages, fits, limits,

8 AAIL
9 AAIJ

10 AUBERT
11 LOWREY

12 ZHANG

13 ZHANG

12 ASNER
BITENC
CAWLFIELD

Page 2

13CE LHCB
13N LHCB
09AN BABR
09 CLEO
078 BELL
06 BELL
05 CLEO
05 BELL
05 CLEO

Created: 6/5/2018 19:00

Jonas Rademacker (University of Bristol)

ppat7, 8 TeV
ppat7 TeV
ete™, 10.6 GeV
ete” — T(nS)
ete™ — T(nS)
pp at 1.96 TeV
e+e’, 10.6 GeV
etc. o o @
Repl. by AAIJ 17A0
Repl. by AAIJ 13CE
ete™ at 10.58 GeV

et e at 4(3770)

Repl. by PENG 14
ete~
ete™ ~ 10 GeV

PDG on Charm

INgs

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

e o o We do not use the following data for averages, fits, limits, etc. e o o

424 11 & 7 5118 FRABETTI 91 E687
417 £18 £15 890 ALVAREZ 90 NA14
388 +23 641  LBARLAG 90c ACCM
480 +£40 +£30 776 ALBRECHT 881 ARG
422 £ 8 £10 4212 RAAB 88  E691
420 £50 90 BARLAG 878 ACCM

1BARLAG 90C estimate systematic error to be negligible.

K77r+, K- atatn—
K- nt, K rtatr—
7~ Cu 230 GeV

ete™ 10 Gev
Photoproduction

K™ and 7~ 200 GeV

See the related review(s):
D% — D° Mixing

The D(1) and Dg are the mass eigenstates of the po meson, as described

in the note on “DY-D0 Mixing,” above. The experiments usually present

z = Am/T. Then Am =z =z /7.

"OUR EVALUATION" comes from CPV allowing averages provided by the

Heavy Flavor Averaging Group, see the note on “p0.D

VALUE (1010 7 s~ 1) cL%

DOCUMENT ID TECN

Mixing."”

COMMENT

0.95+0-41 OUR EVALUATION

0.7 £0.4 OUR AVERAGE Error includes scale factor of
below.

0.667 341 1 AAL 19X LHCB
2 AALS 18K LHCB

— 21041204041 3 AAL 16V LHCB
37 429 £15 4 LEES 160 BABR
5ko 14 BELL

13740467018 6 PENG 14 BELL

7 AALTONEN  13AE CDF
0.3940.56+0.35 8 DEL-AMO-SA..100 BABR
e o o \We do not use the following data for averages, fits, limits,

9 AALJ 17A0 LHCB

10 AAlY 13cE LHCB

11 AAl 13N LHCB

64 114 10 12 AUBERT 09AN BABR

-2 * 13 LOWREY 09 CLEO

198+0.73+032 14 ZHANG 078 BELL

< 7 95 15 ZHANG 06 BELL

—11  to+422 14 ASNER 05 CLEO

<1 9 BITENC 05 BELL
https://pdg.Ibl.gov Page 2

Charm

1.4. See the ideogram

Do — K%r+ﬂ
ppat7, 8, 13 TeV
ppat7 TeV

et e™, 10.6 GeV
ete™ = T(nS)
ete™ = T(nS)
pp at 1.96 TeV
ete™, 10,6 GeV

etc. e o @

Repl. by AAIJ 18K
Repl. by AAIJ 17A0
Repl. by AAIJ 13CE

et e at 10.58 Gev
et e at ¢(3770)
Repl. by PENG 14
ete™

ete™ ~ 10 Gev

Created: 6/1/2021 08:32

2020-21, | wish | were in Mexico



Browsing through the DY list

INgs

Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

e o o We do not use the following data for averages, fits, limits, etc. o o

424 411 + 7 5118 FRABETTI 91 E687 K nt, K atzta—
417 +18 +15 ALVAREZ 90 NA4 Kzt K xtrta—

90C ACCM 7~ Cu 230 GeV

RG ete™ 10 Gev
Photoproduction
— and m— 200 GeV

0 — DY Mixing

ages provided by the
“p0_DO0 Mixing.”

VALUE (1010 7 s— 1) L% DOCUMENT ID TECN  COMMENT

0.9510:41 OUR EVALUATION
0.8 £0.7 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram

below.
1 AAl 1770 LHCB pp at 7, 8 TeV
— 21041.2940.41 2 AAlY 16V LHCB pp at 7 TeV
37 £2.9 +15 3 LEES 16D BABR et e™, 10.6 GeV
4Ko 14 BELL ete™ — T(nS)
13740467328 5 PENG 14 BELL ete™ — T(nS)
6 AALTONEN ~ 13AE CDF  pp at 1.96 TeV
0.39+0.56+0.35 7 DEL-AMO-SA..100 BABR et e™, 10.6 GeV
e o o We do not use the following data for averages, fits, limits, etc. @ o o
8 AAIJ 13CE LHCB  Repl. by AAIJ 17A0
9 AAIJ 13N LHCB Repl. by AAIJ 13CE
64 T4 +10 10 AUBERT 09AN BABR et e~ at 10.58 GeV
-2 11 L owREY 09 CLEO et e~ at 4(3770)
10840737332 12 ZHANG 078 BELL Repl. by PENG 14
< 7 95 13 ZHANG 06 BELL ete™
—11  to+22 12 ASNER 05 CLEO eTe™ ~ 10 GeV
< 11 90 BITENC 05 BELL
< 30 90 CAWLFIELD 05 CLEO
HTTP://PDG.LBL.GOV Page 2 Created: 6/5/2018 19:00

Jonas Rademacker (University of Bristol)

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

e o o We do not use the following data for averages, fits, limits, etc. e o o

424 +11 £ 7 5118 FRABETTI 91 E687 K 7T, K atrxtna—
417 +18 +15 890 ALVAREZ 9 NA4 K nt, K xtata—

+23 641  1BA 0c ACCM 7~ Cu 230 GeV

VALUE (1010 n s~ 1)

PDG on Charm

0.95+0-41 OUR EVALUATION

0.7 £0.4 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram
below.

+0.41 1 0 0+
0667332 AAL 19x LHCB DO — KQrtr
2 AAL 18k LHCB ppat7,8, 13 TeV
— 21041.2040.41 3 AAIS 16V LHCB ppat 7 TeV
37 £2.9 +15 4LEES 160 BABR et e™, 10.6 GeV
5Ko 14 BELL ete™ — T(nS)
13740467018 6 PENG 14 BELL ete™ — T(nS)
7AALTONEN ~ 13AE CDF  pp at 1.96 TeV
0.39+0.56+0.35 8 DEL-AMO-SA..100 BABR et e, 10.6 GeV
o o o We do not use the following data for averages, fits, limits, etc. o o o
9 AALJ 17A0 LHCB  Repl. by AALJ 18K
10 Aaly 13CE LHCB  Repl. by AAIJ 17A0
11 AAl 13N LHCB Repl. by AAIJ 13CE
64 T14 +10 12 AUBERT 09AN BABR et e~ at 10.58 GeV
—2 jg 13 LOWREY 09 CLEO et e at (3770)
198+0.73+032 14 ZHANG 078 BELL Repl. by PENG 14
< 7 95 15 ZHANG 06 BELL ete~
—11  to+422 14 ASNER 05 CLEO ete™ ~ 10 GeV
<1 9 BITENC 05 BELL
https://pdg.Ibl.gov Page 2 Created: 6/1/2021 08:32
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Browsing through the DY listings

Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

e o o We do not use the following data for averages, fits, limits, etc. o o

424 411 + 7 5118 FRABETTI 91 E687 K nt, K atzta—
417 +18 +15 ALVAREZ 90 NA4 Kzt K xtrta—

90C ACCM 7~ Cu 230 GeV

RG ete™ 10 Gev
Photoproduction
— and m— 200 GeV

D® — D® Mixing

ages provided by the
“p0_DO0 Mixing.”

VALUE (1010 7 s— 1) TCL%

DOCUMENT ID TECN COMMENT

0.9510:41 OUR EVALUATION
0.8 £0.7 OUR AVERAGE Error includes scale factor of 1.7. See the ideogram

below.
1 AAl 1770 LHCB pp at 7, 8 TeV
— 2.10+1.2040.41 2 AAlJ 16V LHCB ppat 7 TeV
3.7 £2.9 +15 3 LEES 160 BABR et e™, 10.6 GeV
4Ko 14 BELL ete™ — T(nS)
1.37+0.4670-18 5 PENG 14 BELL ete™ — T(nS)

0.28
6 AALTONEN  13AE CDF  pp at
0.39+0.5640.35 7 DEL-AMO-SA..100 BABR et e~
e o o We do not use the following data for averages, fits, limits, etc. o «

8 AALJ 13CE LHCB Repl. |
9 AALJ 13N LHCB Repl. |
64 T4 +10 10 AUBERT
-2 11 L owREY 09 CLEO ete~
10840737332 12 ZHANG 078 BELL Repl. E
< 7 95 13 ZHANG 06 BELL ete™
—11  to+22 12 ASNER 05 CLEO ete~
< 11 90 BITENC 05 BELL
< 30 90 CAWLFIELD 05 CLEO
HTTP://PDG.LBL.GOV Page 2 Created: 6/

Jonas Rademacker (University of Bristol)

osmersR etem  Revised August 2019 by D.M. Asner (BNL)

The formalism for

presented in the note
the D'-D° system is described by the

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update

e o o We do not use the following data for averages, fits, limits, etc. e o o

424 +11 £ 7 5118 FRABETTI 91 E687 K 7T, K atrxtna—
417 +18 +15 890 ALVAREZ 9 NA4 K nt, K xtata—
3gg 123 641 lBA 0C ACCM 7~ Cu 230 GeV

VALUE (1010 n s~ 1)

0.95+0-41 OUR EVALUATION
0.7 £0.4 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram

below.
+0.41 1 0 0 e
0667332 AAL 19x LHCB DO — K%xtn
2 AAL 18k LHCB ppat7,8, 13 TeV
— 2.1041.2040.41 3 AAL 1 LD

69. D’-D" Mixing

and A.J. Schwartz (Cincinnati U.).

that for CP violation, which is also

0.0 mixing is closely related to i
DY-DY mixing is closely in this Review. The time evolution of

«C'P Violation in the Quark Sector”
Schrodinger equation

i\ (D) (69.1)
:(M-f) (1))

gov Page2 Created. E’”W !

9 (DO(t)
"ot \DO(t)

T — "
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D mixing

- Amazing progress reported by Angelo this morning!

LHCB-PAPER-2019-001

- T
001 ]:] Current world avg. LHCb __
- [ | Current world avg. + this paper A
0.008— —
BY: ARGUS DOY: Belle & BaBar || D?: LHCb - 1
Observation of B oscillations Evidence of D oscillations Observation of D° mass difference 0.006 __ —_
Phys.Rev.Lett. 98 (2007) 211802
Phys.Lett.B 192 (1987) 245 Phys.Rev.Lett. 98 (2007) 211803 LHCb-PAPER-2021-009 B 7
+ { 0.004 |- .
I~ contours hold 68%, 95% i = I | T
1955 1987 2006 2007 2013 2021 0 0002 0004 0006

X

T t <. 04 T T T T T T T
i Current world avg. ]
K© BY.: CDF DO: LHCb - s LHCD -
; . . . . I [ | Current world avg. + this paper .
Behavior of neutral particles Observation of B0 oscillations Observation of D° oscillations 02 _
e.g. Phys.Rev. 97 (1955) 1387 Phys.Rev.Lett. 97 (2006) 242003 Phys.Rev.Lett. 110 (2013) 10, 101802 | i
°F @4 -
021 -
I~ contours hold 68%, 95% CL =

04 L ] L | L | L

=02 0.1 0 0.1 02

lg/pl — 1
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D mixing

- PDG takes charm mixing results (x, y, ¢, | g/p |) from HFLAV, who kindly re-
calculate it for us according to PDG rules (only published results, no preprints).

Y. Amhis et al. (Heavy Flavor Averaging Group) (2018), [arXiv:1909.12524],
updated results and plots available at https://hflav.web.cern.ch/

+ So, while an exciting topic with impressive progress, you have learnt all about
this in Jolanta’s talk.

 More about HFLAV and its connection to the PDG can be found in the PDG
review on HFLAV:

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 10
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... agem around 100 pages further down:

2018

D° CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(KTK™) — Acp(rt ™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect). The difference AA- p is primar-
ily sensitive to the direct component, and only retains a second-order dependence on
the indirect component for measurements where the mean decay time of the Kt k=
and 7t~ samples are not identical. The results below are averaged assuming the
indirect component can be neglected.

VALUE (%) EVTS DOCUMENT ID TECN  COMMENT

—0.121+0.13 OUR AVERAGE Error includes scale factor of 1.8. See the ideogram below.

—0.10£0.08+0.03 6.5M,2.2M AALJ 16D LHCB Time-integrated
0.14+0.16+0.08 2.2M,0.8M AALJ 14AK LHCB Time-integrated

—0.62+£0.21£0.10 AALTONEN 120 CDF  Time-integrated

0.24+0.62+0.26 1 AUBERT 08M BABR Time-integrated
—0.86+0.60+0.07 120k STARIC 08 BELL Time-integrated
e o o \We do not use the following data for averages, fits, limits, etc. ® o o

0.49+0.304+0.14 0.56M,0.22M AALJ 13AD LHCB See AAIJ 14AK
—0.824+0.21+0.11  1.4M,0.4M AALJ 126 LHCB See AAIJ 16D

—0.4640.314+0.12 AALTONEN 128 CDF  See AALTONEN 120

WEIGHTED AVERAGE
-0.12+0.13 (Error scaled by 1.8)

2
X
-+ AAlJ 16D LHCB 0.0
AAlJ 14AK LHCB 2.1
—— AALTONEN 120 CDF 4.7
AUBERT 08M BABR
STARIC 08 BELL

6.8

(Confidence Level = 0.034)
| | | | |
2 15 A 05 0 0.5 1 1.5

AAcp = Acp(KTKT) = Acp(ntn7) (%)

HTTP://PDG.LBL.GOV Page 102 Created: 6/5/2018 19:00

Jonas Rademacker (University of Bristol)

AAcp = Acp(KTK™) — Agp(mt ™)
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DO CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(Kt K™) — Agp(ntn™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect). The difference AA¢p is primar-
ily sensitive to the direct component, and only retains a second-order dependence on
the indirect component for measurements where the mean decay time of the K+ K~
and 7w~ samples are not identical. The results below are averaged assuming the
indirect component can be neglected

VALUE (%) EVTS DOCUMENT ID TECN COMMENT

—0.154:+0.029 53M,17M AALJ 19D LHCB Time-integrated

o o o We do not use the following data for averages, fits, limits, etc. o o

—0.10 +0.08 +0.03 6.5M,2.2M AALJ 160 LHCB See AALJ 19D
0.14 +£0.16 +£0.08 2.2M,0.8M AALJ 14AK LHCB  See AALJ 19D
0.49 +£0.30 +0.14 0.56M,0.22M AALJ 13ADLHCB  See AALJ 14AK

—0.82 £0.21 +0.11 1.4M,0.4M AALJ 126 LHCB See AALJ 16D

~0.46 £0.31 £0.12 AALTONEN 128 CDF  See AALTONEN 120
~0.62 £0.21 +0.10 AALTONEN 120 CDF  Time-integrated

0.24 £0.62 £0.26 L AUBERT ~ 08v BABR Time-integrated
—0.86 40.60 +0.07 120k STARIC ~ 08 BELL Time-integrated

1 Calculated from the AUBERT 08M values of Acp(KT K™) and A p(rt ). The

systematic error here combines the systematic errors in quadrature, and therefore some-
what over-estimates it.

DP TESTS OF LOCAL CP-VIOLATION (CPV)

We list model-independent searches for local CP violation in phase-space
distributions of multi-body decays.

Most of these searches divide phase space (Dalitz plot for 3-body decays,
five-dimensional equivalent for 4-body decays) into bins, and perform a x2
test comparing normalised yields N;, ; in CP-conjugate bin pairs i: x2 =
Zi(N; — a Nj)/o(N; —a Nj). The factor a = (£;N;)/(Z;N;) removes
the dependence on phase-space-integrated rate asymmetries. The result is
used to obtain the probability (p-value) to obtain the measured x? or larger
under the assumption of CP conservation [AUBERT 08A0, BEDIAGA 09].
Alternative methods obtain p-values from other test variables based on
unbinned analyses [WILLIAMS 11, AALJ 14c]. Results can be combined
using Fisher's method [MOSTELLER 48].

Local CPV in D°, D° —» ntx—x®

p-value (% _EVTS DOCUMENT ID TECN _ COMMENT

4.9 OUR EVALUATION

2.6 566k 1 AAl 15A LHCB unbinned method
32.8 82k AUBERT 08A0 BABR XZ

1 Unusually, AAIJ 15A assigns an uncertainty on the p value of £0.5%. This results from
limited test statistics.

Local CPV in D°, D° —» nta—ata—

p-value (% EVTS DOCUMENT ID TECN  COMMENT
0.6+0.2 1.0M 1 aAl 17AE LHCB unbinned, P-odd
https://pdg.Ibl.gov Page 105 Created: 6/1/2021 08:32
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... agem around 100 pages further down:

2018

D° CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(KTK™) — Acp(rt ™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect). The difference AA- p is primar-
ily sensitd order dependence on

VALUE (%)
—0.124+0.13 OUR AVERAG

@Pated
U9 ne-integrated
—0.86+0.60+0.07 BELL Time-integrated
e o o \We do not use the following data for averages, fits, limits, etc. ® o o

0.49+£0.30+0.14 0.56M,0.22M AALJ 13AD LHCB See AAIJ 14AK
—0.824+0.21+0.11 1.4M,0.4M AALJ 126 LHCB See AAlJ 16D
—0.46+0.31+0.12 AALTONEN 12B CDF  See AALTONEN 120
WEIGHTED AVERAGE
-0.12+0.13 (Error scaled by 1.8)
2
X
= AAlJ 16D LHCB 0.0
AAlJ 14AK LHCB 2.1
— AALTONEN 120 CDF 4.7
AUBERT 08M BABR
STARIC 08 BELL
6.8
(Confidence Level = 0.034)
| | | | |

2 45 4 05 0 05 1 15
AAcp = Acp(KYKT) = Acp(rtn7) (%)
HTTP://PDG.LBL.GOV

Page 102 Created: 6/5/2018 19:00

Jonas Rademacker (University of Bristol) PDG on Charm
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DO CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(Kt K™) — Agp(ntn™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect). The difference AA¢p is primar-
ily sensitive to the direct component, and only retains a second-order dependence on
the indirect component for measurements where the mean decay time of the K+ K~
and 7w~ samples are not identical. The results below are averaged assuming the
indirect component can be neglected

VALUE (%) EVTS DOCUMENT ID TECN COMMENT

—0.154:+0.029 53M,17M AALJ 19D LHCB Time-integrated

o o o We do not use the following data for averages, fits, limits, etc. o o

—0.10 +0.08 +0.03 6.5M,2.2M AALJ 160 LHCB See AALJ 19D
0.14 +£0.16 +£0.08 2.2M,0.8M AALJ 14AK LHCB  See AALJ 19D
0.49 +£0.30 +0.14 0.56M,0.22M AALJ 13ADLHCB  See AALJ 14AK

—0.82 £0.21 +0.11 1.4M,0.4M AALJ 126 LHCB See AALJ 16D

—0.46 +0.31 +0.12
—0.62 +£0.21 +0.10

AALTONEN 128 CDF
AALTONEN 120 CDF  Time-integrated
0.24 £0.62 £0.26 L AUBERT ~ 08v BABR Time-integrated
—0.86 40.60 +0.07 120k STARIC ~ 08 BELL Time-integrated
1 Calculated from the AUBERT 08M values of Acp(KT K™) and A p(rt ). The

systematic error here combines the systematic errors in quadrature, and therefore some-
what over-estimates it.

See AALTONEN 120

DP TESTS OF LOCAL CP-VIOLATION (CPV)

We list model-independent searches for local CP violation in phase-space
distributions of multi-body decays.

Most of these searches divide phase space (Dalitz plot for 3-body decays,
five-dimensional equivalent for 4-body decays) into bins, and perform a x2
test comparing normalised yields N;, ; in CP-conjugate bin pairs i: x2 =
Zi(N; — a Nj)/o(N; —a Nj). The factor a = (£;N;)/(Z;N;) removes
the dependence on phase-space-integrated rate asymmetries. The result is
used to obtain the probability (p-value) to obtain the measured x? or larger
under the assumption of CP conservation [AUBERT 08A0, BEDIAGA 09].
Alternative methods obtain p-values from other test variables based on
unbinned analyses [WILLIAMS 11, AALJ 14c]. Results can be combined
using Fisher's method [MOSTELLER 48].

Local CPV in D°, D° —» ntx—x®

p-value (% _EVTS DOCUMENT ID TECN _ COMMENT

4.9 OUR EVALUATION

2.6 566k 1 AAl 15A LHCB unbinned method
32.8 82k AUBERT 08A0 BABR XZ

1 Unusually, AAIJ 15A assigns an uncertainty on the p value of £0.5%. This results from
limited test statistics.

Local CPV in D°, D° —» nta—ata—

p-value (%, EVTS DOCUMENT ID TECN  COMMENT
0.6+0.2 1.0M LAl 17AE LHCB  unbinned, P-odd
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... agem around 100 pages further down:

2018

D° CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(KTK™) — Acp(rt ™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect). The difference AA- p is primar-
ily sensitd order dependence on

VALUE (%)
—0.124+0.13 OUR AVERAG

@Pated

U9 ne-integrated

—0.86+0.60+0.07 BELL Time-integrated

e o o \We do not use the following data for averages, fits, limits, etc. ® o o
0.49+0.304+0.14 0.56M,0.22M AALJ 13AD LHCB See AAIJ 14AK

—0.824+0.21+0.11  1.4M,0.4M AALJ 126 LHCB See AAIJ 16D

—0.4640.314+0.12 AALTONEN 128 CDF  See AALTONEN 120

WEIGHTED AVERAGE
-0.12+0.13 (Error scaled by 1.8)

2
X
-+ AAlJ 16D LHCB 0.0
AAlJ 14AK LHCB 2.1
—— AALTONEN 120 CDF 4.7
AUBERT 08M BABR
STARIC 08 BELL

6.8

(Confidence Level = 0.034)
| | | | |
2 15 A 05 0 0.5 1 1.5

AAcp = Acp(KTKT) = Acp(ntn7) (%)

HTTP://PDG.LBL.GOV Page 102 Created: 6/5/2018 19:00
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PDG on Charm

2021

D% CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(Kt K™) — Agp(ntn™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect
ily sensitive to the di

. The difference AA(p is primar-
adence on

+0.21 B
—0.46 £0.31 +£0.12
—0.62 +£0.21 +0.10

0.24 +0.62 £0.26

AALTONEN 120 CDF  Time-integrated
L AUBERT ~ 08v BABR Time-integrated
—0.86 40.60 +0.07 120k STARIC ~ 08 BELL Time-integrated

1 Calculated from the AUBERT 08M values of Acp(KT K™) and A p(rt ). The

systematic error here combines the systematic errors in quadrature, and therefore some-
what over-estimates it.

DP TESTS OF LOCAL CP-VIOLATION (CPV)

We list model-independent searches for local CP violation in phase-space
distributions of multi-body decays.

Most of these searches divide phase space (Dalitz plot for 3-body decays,
five-dimensional equivalent for 4-body decays) into bins, and perform a x2
test comparing normalised yields N;, ; in CP-conjugate bin pairs i: x2 =
Zi(N; — a Nj)/o(N; —a Nj). The factor a = (£;N;)/(Z;N;) removes
the dependence on phase-space-integrated rate asymmetries. The result is
used to obtain the probability (p-value) to obtain the measured x? or larger
under the assumption of CP conservation [AUBERT 0840, BEDIAGA 09].
Alternative methods obtain p-values from other test variables based on
unbinned analyses [WILLIAMS 11, AALJ 14c]. Results can be combined
using Fisher's method [MOSTELLER 48].

Local CPV in D°, D° —» ntx—x®

p-value (% _EVTS DOCUMENT ID TECN _ COMMENT

4.9 OUR EVALUATION

2.6 566k 1 AAl 15A LHCB unbinned method
32.8 82k AUBERT 08A0 BABR XZ

1 Unusually, AAIJ 15A assigns an uncertainty on the p value of £0.5%. This results from
limited test statistics.

Local CPV in D°, D° —» nta—ata—

p-value (%, EVTS DOCUMENT ID TECN  COMMENT
0.6+0.2 1.0M LAl 17AE LHCB  unbinned, P-odd
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D° CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(KTK™) — Acp(rt ™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect). The difference AA- p is primar-
ily sensitd order dependence on

VALUE (%)
—0.124+0.13 OUR AVERAG

@Pated

U9 ne-integrated

—0.86+0.60+0.07 BELL Time-integrated

e o o \We do not use the following data for averages, fits, limits, etc. ® o o
0.49+0.304+0.14 0.56M,0.22M AALJ 13AD LHCB See AAIJ 14AK

—0.824+0.21+0.11  1.4M,0.4M AALJ 126 LHCB See AAIJ 16D

—0.4640.314+0.12 AALTONEN 128 CDF  See AALTONEN 120

WEIGHTED AVERAGE
-0.12+0.13 (Error scaled by 1.8)

2
—+| o AAl 16D LHCB

AALJ 14AK LHCB &

— AALTONEN 120 CDF ¢
AUBERT 08M BABR

STARIC 08 BELL ___

6
(Confidence Level = 0.(
| | | | |

-2 -1.5 -1 -0.5 0 0.5 1 1.5

AAcp = Acp(KTKT) = Acp(ntn7) (%)
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D% CP-VIOLATING ASYMMETRY DIFFERENCES
AAcp = Acp(Kt K™) — Agp(ntn™)

CP violation in these modes can come from the decay amplitudes (direct) and/or from
mixing or interference of mixing and decay (indirect). The difference AA¢p is primar-
ily sensitive to the dire acence on

ALUE (%)

0=
0.49 19
~0.82 £0.21 £0°
~0.46 £0.31 £0.12 o
~0.62 £0.21 +0.10 AALTONEN 120 CDF  Time-integrated

0.24 £0.62 £0.26 L AUBERT ~ 08v BABR Time-integrated
—0.86 40.60 +0.07 120k STARIC ~ 08 BELL Time-integrated
1 Calculated from the AUBERT 08M values of Acp(KT K™) and A p(rt ). The

systematic error here combines the systematic errors in quadrature, and therefore some-
what over-estimates it.

ONEN 120

DP TESTS OF LOCAL CP-VIOLATION (CPV)

We list model-independent searches for local CP violation in phase-space
distributions of multi-body decays.

Most of these searches divide phase space (Dalitz plot for 3-body decays,
five-dimensional equivalent for 4-body decays) into bins, and perform a x2
test comparing normalised yields N;, ; in CP-conjugate bin pairs i: x2 =
Zi(N; — a Nj)/o(N; —a Nj). The factor a = (£;N;)/(Z;N;) removes
the dependence on phase-space-integrated rate asymmetries. The result is
used to obtain the probability (p-value) to obtain the measured v2 or lar~--
under the assumption of CP consenvatin= f#''=7"

Altern~+i -

ctor
13. CP Violation in the Quark Se
v. Nir (Weizman Tnst.)-

( )
g

DOCUMENT ID TECN_ COMMENT
0.6+0.2 LAl 17AE LHCB unbinned, P-odd
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Candidates / (0.1 MeV/c?)

Candidates / ( 1 MeV/c?)

First observation of CP violation in charm

LHCb: Phys.Rev.Lett. 122 (2019) 21, 211803

L

a0
. LHCb ]
6000F 3
5000 E * Data
: B - k&
4000 - 1
- Comb. bke.]
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1000f £
0 L —— d N —————————————————
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Jonas Rademacker (University of Bristol)
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m(D°z*) [MeV/c2]

1850 1900
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VALUE (%)

EVTS

—0.154+0.029

53M,17M

e o o \We do not use the following d

—0.10
0.14
0.49

—0.82

—0.46

—0.62
0.24

—0.86

PDG on Charm

+0.08
+0.16
+0.30
+0.21
+0.31
+0.21
+0.62
+0.60

+0.03 6.5M,2.2M
+0.08 2.2M,0.8M
+0.14 0.56M,0.22M

+0.11 1.4M,0.4M
+0.12
+0.10
+0.26
+0.07 120k

Charm 2020-21, | wish | were in Mexico 12


https://inspirehep.net/literature/1726338

Searches for CPV by comparing Dalitz plot shapes

(lbinned or unbinned)

- Compare yields in
CP-conjugate bins

_ g

N; — alN; s

CP — — <]

o(N; —aN;) 9

ax

o Niotal £
Ntotal

- Calculate p-value for no-CPV hypothesis
based on

X° = Z (Sgp)2

1

* Model independent. Many production and
detection effects cancel.

Introduced by BaBar: PRD78, 051102 (2008). Developed further

in PRD 80, 096006 (2009), PRD86, 036005 (2012)

Jonas Rademacker (Bristol) Multibody charm and its relevance for CPV

330k D+—=K-K+t+ in 35/pb

b
LHCb (b) 10°

- .= 102

0.5 1 1.5 2
mZ- . (GeV?/c*)

LHCDb PhysRevD.84.112008

25
20
15F

10

Number of bins (0.5)

(=] (4]
1

Towards the Ultimate Precision in Flavour, 17/04/2018 13


http://link.aps.org/doi/10.1103/PhysRevD.84.112008

Searches for CPV by comparing Dalitz plot shapes
(binned or unbinned)

There are many others, e.g.

LHCb D->KKn PRD 84.112008 (2011)

LHCb D->3m PLB 728 (2014) 585-595

CDF D->Ksmrt PRD 86, 032007 (2012)

LHCb D->¢r, D->Ksrt JHEP 1306 (2013) 112
BaBar D->KKr: PRD 87 (2013) 052010 (check)
LHCb De->mmm® PLB 740, 158 (2015).

| Generalises to 4-body decays (with 5-

dimensional bins)
LHCb D->KKnm, D->4mt PLB 726 (2013)
623-633

... or without bins altogether...
LHCb D->4rt PLB769 (2017) 345-356

mZ_. (GeVZIc”)

Jonas Rademacker (Bristol)

Multibody charm and its relevance for CPV
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http://link.aps.org/doi/10.1103/PhysRevD.84.112008
http://link.aps.org/doi/10.1103/PhysRevD.84.112008
http://inspirehep.net/record/1262699?ln=en
http://prd.aps.org/pdf/PRD/v86/i3/e032007
http://inspirehep.net/record/1224542?ln=en
http://inspirehep.net/record/1206605?ln=en
https://inspirehep.net/record/1322386?ln=en
http://inspirehep.net/record/1247810?ln=en
http://inspirehep.net/record/1247810?ln=en
http://inspirehep.net/record/1502914?ln=en

Combining local CPV results

Local CPV in D —» K+t K—rn*

p-value (%) EVTS DOCUMENT ID TECN  COMMENT
31 OUR EVALUATION

72 224k LEES 13F BABR 2

12.7 370k 1 AAL 116 LHCB x?

Local CPV in D%, DO — ntoa— 70

p-value (%) EVTS DOCUMENT ID TECN COMMENT

4.9 OUR EVALUATION

2.6 566k L AAL 154 LHCB unbinned method
32.8 82k AUBERT 08A0 BABR 2

Fisher’s method allows the combination of p-values - it translates

p-values to x2, adds them, then calculates a new p-value).
(Many thanks go to Mike Williams for pointing us to this method.)
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https://en.wikipedia.org/wiki/Fisher's_method

Charm input to CPV in B

/I/DK\ All three processes sensitive

to the same charm

B (5-7) f(D) K interference parameters
I, € DK= (one complex number, Z, per

N phase-space region)
DO/\<—L<|DO>+|EO>)_)|JC>
K E()Jf \/5

D mixing well-defined DY — DY superpositions,
accessible at CLEO-c, BES |l

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 15



Biggest change for charm inputs to CPV in B since
2018: BES |lI

_ _ CLEO-c
DO — KS]Z'_l_]Z' Zl- = Cc+1s; |
+ BESII
' ' o  Model
oinnNing results

m*(Ken™) [GeV?]

S = N W A UL N X

1 3
m*(Kezt) [GeV?]
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D' — K*tn ntn™ Coherence factor then

Use interference effects in charm as input to y / =Re
B~ — (K+37T)D K™) re + (r K37T) + 2R p3-TBTEH"T - -cos(dp + - )

Combined with LHCb

CLEO-c data. 2016 mixing (Run 1)
é"; ’??, 350;—
= = 300~
< €2 2500
200~
150"
100~
| 50~
% 0.10.20.30.40.50.6 0.7 0.8 0.9 1 e e e e
R, 0.10.20.304050.6070.8009 1
RK3rc
A 2 2 4 CLEO-c data: Phys.Lett. B757 (2016) 520-527
X Phys.Rev.D80:031105,2009

LHCb: PRL 116 (2016) no.24, 241801

CLEO-c input theory: PRD D68 (2003) 033003
LHCDb input theory: Phys.Lett. B728 (2014) 296-302

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 17


http://inspirehep.net/record/1423295?ln=en
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1423070?ln=en
http://arxiv.org/abs/hep-ph/0304085
http://inspirehep.net/record/1252078?ln=en

D = Ktz 2tz Coherence factor now

Use interference effects in charm as input to y / =R e_i5
I'(B™ — (K™3m), K7) rp + (ngﬂ)z + 2R 3.rprn°" - cos(6p + 057 — )

BES Il 2021

350F
300
250 .
& 200
53 L
2] i
¥ N [
O 150k

100 ™

50

S PP T T T IV TN P
00 0.1 02 03 04 05 06 0.7 0.8 09 1

RK3TE

CLEO-c data: Phys.Lett. B757 (2016) 520-527
: ,11.8 (l) Phys.Rev.D80:031105,2009
LHCb: PRL 116 (2016) no.24, 241801

BESIII: JHEP 05 (2021) 164 AX2=

corresponds to 68%, 95%,

0 : ' ' CLEO-c input theory: PRD D68 (2003) 033003
99.7% CL in 2 dimensions LHCDb input theory: Phys.Lett. B728 (2014) 296-302
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https://inspirehep.net/literature/1850941
http://arxiv.org/abs/hep-ph/0304085
http://inspirehep.net/record/1252078?ln=en
http://inspirehep.net/record/1423295?ln=en
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1423070?ln=en

D = Ktz 2tz Coherence factor now

Use interference effects in charm as input to y

Z=Re™™

B~ — (K+37T)D K™) re + (7“53”)2 + 2Ry 3,rpraT - cos(dp + 673" — )

BES Il 2021

350F
300
250 .
& 2000
53 L
2] i
¥ N [
O 150k

100 ™

50

S PP T T T IV TN P
00 0.1 02 03 04 05 06 0.7 0.8 09 1

RK3TE

BESIII: JHEP 05 (2021) 164

Jonas Rademacker (University of Bristol)

Combined with CLEO-c

350[

—
~
¥
X 0O
%=

0

3oof
250f
2oof
150f
1oof

50f

&

0

Ax2=

corresponds to 68%, 95%,
99.7% CL in 2 dimensions

e b b b b o b b L
0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 1

RKSn

,6.2,11.8 (!)

PDG on Charm

CLEO-c data: Phys.Lett. B757 (2016) 520-527
Phys.Rev.D80:031105,2009
LHCb: PRL 116 (2016) no.24, 241801

CLEO-c input theory: PRD D68 (2003) 033003
LHCDb input theory: Phys.Lett. B728 (2014) 296-302
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http://arxiv.org/abs/hep-ph/0304085
http://inspirehep.net/record/1252078?ln=en
http://inspirehep.net/record/1423295?ln=en
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1423070?ln=en

D = Ktz 2tz Coherence factor now

Use interference effects in charm as input to y

Z=Re™™

B~ — (K+37T)D K™) re + (7“53”)2 + 2Ry 3,rpraT - cos(dp + 673" — )

BES Ill 2021

07\\

0

N S O B N E NN BTN W
0.1 02 03 04 05 06 0.7 0.8 09 1

RK3TE

BESIII: JHEP 05 (2021) 164

Jonas Rademacker (University of Bristol)

Combined with CLEO-c

350[-
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~
¥
X 0O
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0
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250f
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Ax2=

corresponds to 68%, 95%,
99.7% CL in 2 dimensions

e b b b b o b b L
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RKSn

6.2,11.8 ()

PDG on Charm

Combined with LHCb
mixing (Run )

S
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CLEO-c data: Phys.Lett. B757 (2016) 520-527
Phys.Rev.D80:031105,2009
LHCb: PRL 116 (2016) no.24, 241801

CLEO-c input theory: PRD D68 (2003) 033003
LHCDb input theory: Phys.Lett. B728 (2014) 296-302
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New Particles

77.
7 Spectroscopy of Mesons Containing Two Heavy Quarks

Revised March 2020
(Jiilich), J. J. Hernsn
U. de Granada)

and C. Patrignani (Bologna U)

by S. Eidelman (Budker Inst.,
dez-Rey (IFIC, Valencia), R.E. M

.Novosibirsk; Novosibirsk U.), C. Hanhart
itchell (Indiana U.), S. Navas (Dp.de Fisica.
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Plot by Patrick Koppenburg: https://www.nikhef.nl/~pkoppenb/particles.html
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Revised A

8. .
Nammg Scheme for

. ugust 2018 b

birsk v V. B
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)y L. Tlator (KPH JGU M’ E. K]

L. w, - Mitchell (1pe: ' ;
orkman (George Wasgli?l??:na [[Jj.)L v Th

Hadrong

empt ’
ainz) and % (BOHI] U)7 RE M

Minimal quark content

ud, wii — dd, du (I = 1) T b

dd +ui and/or s5 (I =0) nn  hh
cc Ne h.
bb M hy
I =1 with cc (Il.) Z.
I =1 with bb (II,)  Z,

0 a

w,p  f.f
¢* Xe
r Xb
R. (W)

(Rp) (W)

*The J/v remains the J/4.

Approach: name implies quantum numbers, not quark content.
X reserved for states with unknown quantum numlbers.
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Mesons with complete

I¢JPC assignment

PDG Name Former Common Name(s)
12(3823)" X (3823)
Xc1(3872) X (3872)

Z(3900) Z(3900)
Xe2(3930)T  xe2(2P), Z(3930)
Xe1(4140)  Y(4140)

Z(4200) Z(4200)

1(4230) Y (4230)
R.o(4240)  Z.(4240)

1(4260) Y (4260)
Xe1(4274) Y (4274)

1 (4360) Y(4360)

Z.(4430) Z(4430)
Xc0(4500) X (4500)

1 (4660) X (4630), Y (4660)
Xe0(4700) X (4700)
Z,(10610)  Z,(10610)
7,(10650)  Z"(10650)

Mesons with incomplete
PDG Name

1€ JPC assignment

Former Common Name(s)

X(3915)
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40)
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)
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)

ESESESES/%ESA
N
S

N
w
it
(@)

X0(3915), X (3915), Y (3940)
X (3940)

Z (4020)

71(4050)

Z+(4055)

X (4160)

Z5(4250)

X (4350)

Jonas Rademacker (University of Bristol)

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

also known as X(3872)

/G(JPC) — 0+(1 + +)

This state shows properties different from a conventional qgq state.
A candidate for an exotic structure. See the review on non-q states.

PDG on Charm
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Charmonium

Mass (MeV)
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Jonas Rademacker (University of Bristol)

1"

PDG 2018
(plot updated in 2012)

O++ 1++

PDG on Charm
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Charmonium
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Charmonium
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Charmonium
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minimal quark content cdsu.

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 25


https://inspirehep.net/literature/1814318
https://inspirehep.net/literature/1814324

p— + Revised in part June 202( by D.J. Robinson (LBNL).
Doubly charmed baryon =/ .7 —
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Citation: M. Tanabashi et al. (Particle Data Group), Phys. Rev. D 98, 030001 (2018)

1JP) = 2(2?) Status: *

OMITTED FROM SUMMARY TABLE L

This would presumably be an isospin-1/2 particle, a ccu =3 and a
ccd _:ch. However, opposed to the evidence cited below, the BABAR

experiment has found no evidence for a =t +

cC
Eg at modes, and no evidence of a EZL;L in /\j K 7ot nt and

=07t 7t modes (AUBERT,B 06D). Nor have the BELLE (CHIS-
TOV 06, KATO 14) or LHCb (AAIlJ 13CD) experiments found any
evidence for this state.

in a search in Aj K =«

and

=+
=+ MASS
VALUE (MeV) EVTS DOCUMENT ID TECN COMMENT
3518.94+0.9 OUR AVERAGE
3518 +3 6 1 OCHERASHVI..05 SELX X7 nucleus =~ 600 GeV
3519 +1 16 2 MATTSON 02 SELX X7 nucleus =~ 600 GeV

1 OCHERASHVILI 05 claims “an excess of 5.62 events over ... 1.38 & 0.13 events” for a
significance of 4.8 o in pDT K~ events.
2 MATTSON 02 claims “an excess of 15.9 events over an expected background of 6.1 +0.5

events, a statistical significance of 6.3 ¢” in the /\_C*_ K~ n71 invariant-mass spectrum.

The probability that the peak is a fluctuation increases from 1.0 X 1070 to 1.1 x 1074
when the number of bins searched is considered.
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particle 'data Grolp

404 - We're sorry, the page you are looking
for does not exist.

If you were directed here by mistake or think
this is a bug, please let us know at
support@pdg.lbl.gov.

Thank you.

vere in Mexico 29



S S 180F [ yem 12 ey 4 o
s > - LHCb 13 TeV 44 ] §
SELEX 2002 = 2i00E 7 8
I S v 140 F =
S 5 r —Total ] °®
12 - (@ < S 120F  ...Signal 1 ©
- 3 £ 100 ---Background =
8 - 7 2 sof ]
I % S 80F i
- . < -  a==T 3 —
>< — —_
" Bl b K
LLl + -]
@) i 1 =
0 20E 16
32 33 34 35 36 3.7 38 39 4.0 b e e s ] T
-+ 2 3500 3600 3700
M (ACKJ'C ) [GeV/c ] m., Z+) [MeV/e?]
SELEX 2005
“"‘% i @) pD'K°
= 4 peak mass:  [] 4-bin Poisson Prob a.
SasF 3516MeV |l <64x10" @
g 37 | L/o>10 3
[ o
251 Q
N
2r I ©
1.5?— E
: [
1: ><
: -
r w

Qa6 328 25 357 354 356 358
M(p D* K) ,
Jonas Rademacker (University of Bristol) g PDG on Charm Charm 2020-21, | wish | were in Mexico 30


https://inspirehep.net/literature/1681011
https://inspirehep.net/literature/652233
https://inspirehep.net/literature/592469

SELEX 2002

12 -
8 -

4_
o Co A

32 33 34 35 36 3.7 3.8
M (AK7") [GeV/c?]
SELEX 2005

N (@ pD'K

L 4 - . . <t
= peak mass: 4-bin Poisson Prob | o\
H 1
S350 3516 MeV <64x10* @
s Lio>10 o
w 3 :* '®)
b O
25F QY
: N
2t - o
b m
1.5 —
: o
i N
: -
05} 0
r i L ‘ wn

%46 348 35 352 354 356 358

M(p D" K)

Jonas Rademacker (University of Bristol)

Q < 180F 1 1rn 12 vy ] N
S > "*F LHCb 13 Tev —11 18
- 2 160 = ] ©
i <+ Data D 1 —
S 5 r —Total ] ©
(@ 8 2120 ... Signal 1 o
3 £ 100 ---Background 1 O
z S o ] <
o 'c% 80 :— 3 ~
> 60 4
o o o 3 EI
] 40 + 4 o
wn o ] o)
20 - ] (i)
39 4.0 0 T Y A i 4
3500 3600 3700
—++
m, (E5) [MeV/c?]
(Q 2500 | T T T T ]
QO - 4 —
= - LHCb p— -3 Data 18 .
% 2000 9 fb! = + — Fit =4 o w
2 B b 1 — 8 T
C cc Signal 1o S
O - 4 — A S
S/ 1s0f- Background J § g 3
3 i e +] o S @
= 1000 |- e JTE 2§
2 C 1< £ g
3 - {1 ~ —
g L i 1 [ ()
S 500f 18 29
O f 1z =8
r 1 = O ®©
0 L~ PN BRI FVC/ . S TN S BN % /&)
3400 3500 3600 3700 3800 s 3
m (ATK ) [MeV/c?] 2

PDG on Charm

Charm 2020-21, | wish | were in Mexivu .


https://inspirehep.net/literature/1681011
https://inspirehep.net/literature/652233
https://inspirehep.net/literature/592469

SELEX 2002

32 33 34 35 36 3.7 3.8
M (AK7") [GeV/c?]
SELEX 2005

Y O (a) pD'K
Q 4l - . . <t
= peak mass: 4-bin Poisson Prob | o\
H 1
S350 3516 MeV <64x10* @
s I Lic>10 %
w 30 e
S
25k QN
N
2r ©
m
1.5 - |
: i o
1) : N
[ i E
0.5 B 0
r i L ‘ n
%.46 3.48 3.5 3.52 3.5. 3.56 3.58

M(p D* K)

Jonas Rademacker (University of Bristol)

Candidates 2010 MeV/c?)
2

ST
e
o

B /AN RRRRERERE

t Z
- -
3 Z
? . |
- Z

—4— Data
— Fit

1000 =
500 |- “
B 1 A l i i A A l "l "._l i L i A 1 ]
3400 3500 3600 3700 3800
e
m (ATK ) [IMEVH 2]
((]\2500 T — 7 T T T T [ T T T T
Q B 1 —~
; - LHC p— —4 Data ] 8 R
2 2000 o1 :‘_I_ — Fit 12 8 o
S C cc . Signal 1< § 10\(
- e Back d 4 @ TS >
< 1500: . ackgroun ] 8 § _8
g S T o %I 0 ?
= C i %)
:_c‘z 1000: ] % .,.C? g
RN 12 &3
< 500 — - 8 = 2
© iz =8
B 1 -~ O ©
oL PN DT S I BN g /&)
3400 3500 3600 3700 3800 s 3
m (AYK 7) [MeV/c?] =

PDG on Charm

Charm 2020-21, | wish | were in Mexivu .


https://inspirehep.net/literature/1681011
https://inspirehep.net/literature/652233
https://inspirehep.net/literature/592469

Pentaguarks 2006

PENTAQUARK UPDATE
Written February 2006 by G. Trilling (LBNL).

To summarize, with the exception described in the previous
paragraph, there has not been a high-statistics confirmation of
any of the original experiments that claimed to see the ©;
there have been two high-statistics repeats from Jefferson Lab
that have clearly shown the original positive claims in those
two cases to be wrong; there have been a number of other high-
statistics experiments, none of which have found any evidence
for the ©7; and all attempts to confirm the two other claimed
pentaquark states have led to negative results. The conclusion
that pentaquarks in general, and the @™, in particular, do not

exist, appears compelling.
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105. Pentaquarks

Pentaq Uarks 20 1 8 Written March 2016 by M. Karliner (Tel Aviv U.), T. Skwarnicki (Syracuse U.)
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85. Pentaquarks

Pentaq u arks 2 02 O Revised September 2019 by M. Karliner (Tel Aviv U.) and T. Skwarnicki (Syracuse U.).
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To study strong dynamics and improve
amplitude models
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PRD92 094005 (2015)

\> 3-body FSI play a role | S

\S> data analysis...precision

| phase S-wave
©

Increasingly sophisticated models beyond the isobar being
developed and used on data (see e.g. Patricia Magalhaes’ talk)

Patricia Magalhaes
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0.614£0.011£0.031
0.282+0.004 £ 0.008
0.452£0.011£0.017
0.259£0.004 £0.018
2.359£0.036 £0.624
0.249£0.005 £ 0.017
0.220£0.006 £0.011
0.120£0.003 £ 0.018
0.236 £0.008 =0.018
0.823 £0.023 £ 0.218
1.009+0.022 £ 0.276
1.379+£0.029 £ 0.373
1.3114+£0.031+£0.018
0.6562£0.018 £0.043
0.049 £0.001 £ 0.004
0.747+0.021£0.203
0.762 £0.035 £ 0.068
1.5244+0.058 £ 0.189
0.189£0.011£0.042
0.188+0.014 £ 0.031
0.160 £0.011 £0.005
1.218+£0.089 £ 0.354
0.195£0.015£0.035
1.388 +£0.095 £ 0.257
1.530+0.086 £0.131

0 (fixed)
1.05+0.02+£0.05
—0.60+£0.02£0.10
2.02+0.03£0.05
—0.27£0.02£0.03
0.444+0.02£0.03
1.22£0.024+0.03
2.094+0.03£0.07
—2.49+0.03£0.16
0.04£0.04£0.09
2.99+£0.03£0.05
—2.76+£0.02£0.03
1.06 +0.02+£0.03
0.54£0.02£0.02
2.854+0.03£0.04
—1.71£0.04+£0.37
0.14£0.03+0.04
1.17£0.04 £0.04
0.21+0.04£0.19
—2.84+0.07£0.38
0.18£0.06 £0.43
0.28+0.07£0.03
—2.44+0.08£0.15
2.95+0.08£0.29
1.71£0.06 =0.37
2.01+0.07£0.09

23.82£0.38£0.50
19.08 £0.60 +1.46
18.46 £0.35+0.94
18.05£0.52+£0.98
9.18£0.21£0.28
6.61£0.15+£0.37
490£0.16£0.18
4.294+0.18£0.41
3.14£0.17£0.72
2.82£0.19£0.39
2.75+0.15+£0.19
2.70£0.11£0.09
2.41+£0.09+0.27
2.29£0.08£0.08
1.854+0.09£0.10
1.494+0.09+£0.33
1.48£0.08£0.10
0.98£0.09£0.05
0.70£0.05£0.08
0.46 £0.05£0.22
0.45+£0.06£0.16
0.43£0.05£0.03
0.33£0.05£0.06
0.27£0.04£0.05
0.18£0.02+0.07
0.18£0.02+£0.02

Sum of fit fractions

x%/ndf

129.32£1.09£2.38

9242/8121 = 1.14
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D —» K*K~ 7 n~ Amplitude Analysis

LHCb: JHEP 02 (2019) 126
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Amplitude Fit fraction [%]
DO — [¢(1020)(p — w)°] -0 24.12 4+ 0.40
D° — K (1400)* K~ 19.34 4+ 0.47
D — K;(1270)t K~ 19.28 + 0.39
D° - [K~nt]—o[Kt7n |p=0 19.20 + 0.36
DO — [K*(892)°K*(892)°|,—0  9.36 + 0.21
DO — K*(1680)°[K ~ 7] =0 6.22 + 0.15
DO — [K*(892)9K*(892)°),—1  4.81 + 0.16
D° — K1(1270)" K+ 4.45 + 0.18
D = [KTK ™ |p—o[rtn =0  4.18 + 0.21
D° — K1(1400)" K+ 294 + 0.19
DO — [K*(1680)°K*(892)° -9 2.79 + 0.15
DO — [K*(1680)°K*(892)%) =1 2.64 + 0.11
D® — K*(1680)°[KT7~ |10 2.44 £ 0.09
DO — [$(1020)(p — w)°] 1 —2 2.25 + 0.08
D% — [K*(892)°K*(892)°%,—»  1.73 + 0.09
DO — ¢(1020)[r "7~ ] =0 1.43 + 0.09
DO — [K*(1680)°K*(892)°,—1 1.30 + 0.08
DO — [¢$(1020)p(1450)°] —1 0.98 £ 0.09
DO — a0 (980)° f2(1270)° 0.70 + 0.05
D® — a1(1260) 7~ 0.50 + 0.06
D® — a1(1260) 7t 0.45 + 0.06
D% — [K*(1680)°K*(892)%,—> 0.45 + 0.06
DO — [(1020)(p — w)°] L—1 0.44 + 0.05
DY - [KTK~ | —o(p—w)° 0.30 £+ 0.04
DO — [¢(1020) f2(1270)°] 1, —1 0.19 + 0.03
DO — [K*(892)°K5(1430)% =1  0.15 4 0.02
DO — [K3(1430)9K3%(1430)% =0 0.11 + 0.02
DO — [f2(1270)0 f2(1270)°] =0  0.08 + 0.02
DO — [K*(892)°K}(1430)%,—2  0.05 & 0.01
DO — [(1020) f2(1270)°] 1 —5 0.04 + 0.01

132.92 + 0.98
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How to enter amplitude analysis results in the PDG?

Currently, we enter fit-fractions as branching ratios.
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How to enter amplitude analysis results in the PDG?

Currently, we enter fit-fractions as branching ratios.

Don’t do that. Ever.
Individual amplitudes and thus fit-fractions
are meaningful only in the context of the
amplitude model.
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How to enter amplitude analysis results in the PDG?

Currently, we enter fit-fractions as branching ratios.

BaBar & BELLE: PRD 98 (2018) 11, 112012

K*(892)~
———— Kr S-Wave
______ K3(1430)~

— — - K*(1680)"
-------------- K*(1410)"

50000
~

O
40000
=

@
— 30000
o

Don’t do that. Ever.
Individual amplitudes and thus fit-fractions M.

' i nD® - Kotn~
are meaningful only in the context of the &0 )u};:n 7

amplitude model. b

Kgyz_ mass spectrum

Do you really want to remove
D° > K~z from the listings?

L —
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How to enter amplitude analysis results in the PDG?

Currently, we enter fit-fractions as branching ratios.

BaBar & BELLE: PRD 98 (2018) 11, 112012
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Don’t do that. Ever.
Individual amplitudes and thus fit-fractions M.

' i nD® - Kotn~
are meaningful only in the context of the &0 }u};\sﬂ 7

amplitude model. b

Kgyz_ mass spectrum

Do you really want to remove
D° > K~z from the listings?

L —

Maybe only include
large narrow resonance-
structures?
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How to enter amplitude analysis results in the PDG?

Currently, we enter fit-fractions as branching ratios.

BaBar & BELLE: PRD 98 (2018) 11, 112012

K*(892)~
———— Kr S-Wave
______ K3(1430)~

— — - K*(1680)"
-------------- K*(1410)"

50000

~

O
40000
=

Don’t do that. Ever.
Individual amplitudes and thus fit-fractions M.

' ' : in D0 = Koxtr
are meaningful only in the context of the &0 )u;S” 7

amplitude model. 8w 10

— 30000
<

Kgn_ mass spectrum

Do you really want to remove
D° > K~z from the listings?

here’s the cut-off? And in termzm

M/T" X significance?
And what about non-resonant contributions? :

/
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Summary

NEWS: 2021 update of Listings and Summary Tables available

- Charm is an amazingly active field. A huge number PDG-
of new results keeps the PDG authors on their
toes.

The Review of Particle Physics (2021)

PA. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update.

« Charm is full of surprises.

pdglive - Interactive Listings

« Only had time to show a small subset of results
since CHARM 2018:

We found CP violation in charm!!

PTEP

- Lots of new particles. Theretical and
Experimental Physics
 Charm for precision B physics Review of Poriicle Physics PDG
fees .
. i PRG* PARTICLE
How should we encode amplitude analyses? glies:

BOOKLET

We welcome suggestions:
(Jonas.Rademacker@bristol.ac.uk)

OXFORD
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Backup slides

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 38



Bad things
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D2 KK pi pi

LHCb: JHEP 02 (2019) 126

Amplitude Aje| (%] Aarg(cg) [%] Az, %)
D — [¢(1020)(p — w)°] =0 0 (fixed) 0 (fixed) ~1.84 15402
e 2 D° — K, (1400)* K~ ~1441.1402  13+15403 —45+ 2.1+0.3
o IR Bl S A D° = [K~mt) ol KTn g 1.941.1403 —12+13+03 20+ 18+07
Zeomp ] i Al DY — K, (1270)t K~ —0441.0£02 —-11+144+02 —26+ 1.7+0.2
S I} e U D® = [K*(892)°K*(892)% o —1.34+13+03 —1.7+15+02 —43+ 22405
DY — K*(1680)°[K 7]~ 22413+03 14+1.5+02 2.6+ 22404
A e R D — [K*(892)°K*(892)°] =y —04+1.740.2  37+20+02 -26+ 3.2+0.3
5 T = : D® — K,(1270)" K+ 26+1.7+04 —01£21+03 33+ 35405
) = D° — [K*K™|p—g[rt7n =0  35+25+1.5 —55+£26+16 51+ 51+3.1
D° — K,(1400)" K* 02429407 25+35+1.0 —13+ 6.0+1.0
DY — [K*(1680)°K*(892)%—o 4.0£2.74+0.8 —54+28+0.8 62+ 52415
S s D® — [K*(1680)°K*(892)% =1 —0.44+2.1403  04+214+03 —25+ 39404
D° — K*(1680)°[K*7 =9 21420406 —1.84224+03 24+ 3.7+1.1

DY — [6(1020)(p — w)°] —» 08+£19+03 —1.2420+05 —0.1+ 3.3+0.5
DY — [K*(892)°K*(892) . —0.6+25+04  0.6+£26+04 —3.0+ 50+0.7

3 - D — ¢(1020)[7 7] =g 38431407 —05+394+07 58+ 6.1+08
: Tota i D — [K*(1680)°K*(892)] =1 1.6+28+05  07+30+£04 1.3+ 53+06
N A N LU I Signal modl D — [$(1020)p(1450)°] 1 46441406 93433406 7.5+ 85+1.1
] Background mode! D° — a¢(980)° f,(1270)° 16436407 —734+33+08 15+ 7.24+1.3
—— M D — a(1260) 7~ 44456437  93+614+13 —10.6+£11.7£7.0
D — ay(1260) "7+ —34+70+19 —58+56+43 —87+13.7+£2.9

D° — [¢(1020)(p — w)°] 11 21+52+08 —122+55+0.6 24+11.0+£1.4

DY — [K*(1680)°K*(892)"]—p 52+7.14+19 —56+81+1.3 85+143+35
DY = [KTK ) —o(p—w)® 117460419  48+62+1.1 21.3+125+28
DY — [6(1020) f»(1270)°] =y 2.7+6.7+1.7  09+6.0+1.7  3.6+13.3+3.0
DY — [K*(892)°K3(1430)°) =y 39452410 68+£64+14  61+108+1.8

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 40


https://inspirehep.net/literature/1704426

50000

20000

Entries / 0.01 GeV?/c*
8 5
] 3
o o

10000

K*(392)"
Kr S5-Wave
K3(1430)~
K*(1680)

- K*(1410)"

10000

8000

6000

4000

2000

Entries / 0.01 GeV?2/c*

12000

—
jed
S
(=)

8000

6000

4000

Entries / 0.01 GeV?2/c*

2000

0.5

1.0

1.5 ) 2.0
Mf(gw_ GeVZ/ch)

10 15

K*(892)*

Entries / 0.01 GeV?/c*

Entries / 0.01 GeV?/c*

10%

10°

10?

10

100

10*

10°

10?

10

90

M. (Gev?/ch)

o(770)°

- p(1450)°

A

|/ A =

7 S-Wave

——

0.5 1.0 1.5
M2, (GeV?/ct)

Jonas Rademacker (University of Bristol)

2.0

Entries / 0.01 GeV?/c*

100.0 0.5 1.0 1.5 2.0 2.5 3.0

10*

10°

10?

10!

0l bre—rF———=
100.0 0.5

PDG on Charm

BaBar & BELLE: Phys.Rev.D 98
(2018) 11, 112012

Charm 2020-21, | wish | were in Mexico 41


https://inspirehep.net/literature/1668123
https://inspirehep.net/literature/1668123
https://inspirehep.net/literature/1668123

D2KKK

LHCb: JHEP 04 (2019) 063
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How to encode amplitude analyses
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New website

NEWS: 2021 update of Listings and Summary Tables available

P DG. SHORTCUTS ¥ CITATION CONTACT

particle data group

The Review of Particle Physics (2021)

PA. Zyla et ol. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020) and 2021 update.

pdg = - Interactive Listings Order PDG Products

Summary Tables * Topical Index

Reviews, Tables, Plots (2020) Downloads
Particle Listings Prev. Editions (& Errata) 1957-2020

Errata PDG Outreach

The publication of the Review of Particle Physics is supported by , b , and
. Individual collaborators receive support for their PDG activities from their respective funding
agencies. All pages © 2021 Regents of the University of California. See LBNL disclaimers
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2 year schedule

R 5 |Gir3,2016  |Gitr4,2016  |Gtr1,2017 | Gtr2,2017  |Gtr3,2017 | Gtr4,2017 | Gir1,2018  |Gtr2,2018 | Gtr 3, 2018
Jun | Jul |Aug |Sep | Oct |Nov |Dec | Jan |[Feb|Mar | &pr [May | Jun | Jul |Aug |Sep | Oct |Nov |Dec | Jan |Feb| Mar |Apr [May | Jun | Jul |Aug |S
[ 2017 Listing updates e ——————————— |

1st lterature search

1st encoding cycle

2nd lterature search

2nd encoding cycle

Editor prepares web update

Publication on web 61
[=] 2017 review updates
Decide on authors, scope of updates
Authors update reviews
Refereeing and final updates
Editor prepares web update
Publication on web

[=] 2018 Listing updates
1st lterature search

1st encoding cycle

2nd lterature search

2nd encoding cycle

Minor review updates to synchronize wilisitngs

Editor prepares wehb, journal, Book, Booklet publications

=1 2018 publication Full Z-yeal' update C}’Cle

Publication on web
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BESIII result

S

40

L35} Vs =4.681 GeV Data

a0} @) Total fit

g 5 — — — Z.¢(3985)

S0 S 5’1(2600)°D"°

Eﬂ 5F 4\ Mt | TN L | - non-Res.

§1o s D, D)

M 5 [ comb. BKG

0 4 4.05 41 415
RM(K") (GeV/c?)
No % ‘e —
% %15 \s= 4.(((5;1 GeV +
s 2 *
S 210
0 w
2 25 bl T
5 g
w Wo
4.05 4.1 4 4.05 4.1
RM(K+) (GeV /C2) RM(K+) (GCV/CZ)

Mpole(Zes(3985)7)
Tpole(Zes(3985)7)

(3982.5728 +2.1) MeV /c?,
(12.815% 4+3.0) MeV.

[arXiv:2011.07855]
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Taking into account the DD threshold: Flatte

[PRD102(2020)092005]

Adding external information on branching
fractions from Belle and BaBar distorts the
lineshape [PRD80(2009)074004].

Shape parameters:

+ Jhpmr data alone cannot
distinguish line shapes

- Flatté narrower than BW by

Mode [MeV] Mean [MeV] FWHM [MeV] factor 5

3871.69 T 0:00+0.05 3059 £o+0.074+0.11 ) 55+0.06+0.25 Resolve lineshape

0.04—-0.13 0.06 —0.13

0.08 —0.17

See K. Gotzen talk tomorrow

.
Systematic uncertainties of E 400;0- -------- Breit-Wigner |
equal importance: 1. 0 — Flatte

- Resolution+Bkg model §,§ igﬁi

- Momentum scale ) fgg:

- Threshold mass “5)8: |
Small effect: D°” width 0= 3.87' T

M jpyr+m—

Jonas Rademacker (University of Bristol) PDG on Charm

The PANDA project at FAIR
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Taking into account the DD* threshold: Flatté [PRD102(2020)092005]

Adding external information on branching
fractions from Belle and BaBar distorts the

lineshape [PRD80(2009)074004].
Shape parameters: - Flatté narrower than BW by

- Jpmm data alone cannot
distinguish line shapes

Mode [MeV] Mean [MeV] FWHM [MeV] factor 5

+0.0040.05 40.074 0.1 40.0640.25
3871.69 Zglo4— 013 3871.66 Zglo6— 013 0.22 _pos 017

- x10°

: . ' —————— = — 8000 F————— ]
SyStemaUC uncertainties of = 400E T Breit—Wigner 1% E Incl. resolution and background 3
. = "UF __TFlatté 1 2 7000F ... Breit- Wigner E
equal importance: o L 30F 3 = 6000F — Flatté LHCb 1
: 5| 5 300 3 7 so00F E
* Resolution+Bkg model 5= 25 35 oo :
=% 00F E s s

- Momentum scale 1soE 1 3000F :
100 ] 2000F E
Threshold mass ok T 3
. 0* . 3 == . 1. ... 2= I B T R IR

Small effect: D” width 3563 3.87 3.872 387 384 386 388 3.9
Myppmata= [GeV] M jppmtm— [GeV]
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Breit-Wigner parameters

[PRD102(2020)092005][JHEP08(2020)123]

Comparison between inclusive and exclusive analysis and previous

measurements

LHCb Bt — x1(3872)K*
LHCb b— x1(3872)X
mpo + Mmp=o

PDG 2018

CDF pp— Xe1(3872)X
Belle B— x.1(3872)K
LHCb pp— xe1(3872)X
BESIII ete™ — X.1(3872)y
BaBar BT — .1 (3872)K™
BaBar B — x.1(3872)K°
BaBar B— (xc1(3872) — Jb w) K
DO pp— X1(3872)X

lo|
lied
o
|-

A

H—e—H

i

p———
N
3868 3870 3872 3874
M) (3872) [MeV/c?]

LHCb B* — x.1(3872)K*
LHCb b— 1 (3872)X
Belle

BESIII

BaBar

BaBar

First time a width was established for this state.

Jonas Rademacker (University of Bristol)

PDG on Charm

0 1 2 3 4 5

Dy (3872) [MeV]
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Barkas and Rosenfeld UCRL.8030 Tabdlel!

Masses and mean lives of elementary particles; November, 1957
(The antiparticles are assumed to have the same spins, masses, and mean lives as the particles listed)

-

Particls Spin Mass
(Errors represent

standard deviation)

(Mev)
Photon Y 1 0
: i 0
X 3 ) 0.510976 (a)
M 2 } 105,70 #0.06 (a)
v 0 139.63 #0.06 (a) |
. v 0 135,04 #0.16 (a) |
§ x* 0 4940 20.2 (g)
3 x° 0 494.4 a8 (1)
P $ 938.213 40,01 (a)
n % 939.506 40,01 (a)
A 3 1115.2  #0.14 ()
t $ 1189.4 #0.2% (u}
i z- } 11965 20.5 (a)
- 0 +0.9 }
a z } 1190.5° 77 »)
" ? 13204 222 (q)
x0 ? ?

Mass
difference
(Mev)

0.421.8

7.1204

+1.4
6.0.0.9

Mean life
(sec)

stable

stable
stable
(2.22 %0.02) X106

R.56 %0.05) X10-8
<4 x10-16
(1.22420.013) x Y08
(0.95 20.08) x10-10
(4<7<13) xl1o0-8

stable

(1.04 #0,13) x10*3
(2.77 %0.15) x10-10
(0.83 *:28) x10-10
(1.67 £0.17) X10-10

(<0.1) x10-10
theoretically ~10-19

(4.6 < r<200) x10-1°
?

(c)

(a)
(k)
(m)
(o)

®)

(n

Decay rate
(number

per
second)

0

0.39 x 108
>28 x10t5
0.81% x 108
1.05 x10!0
(0.07< r<0.25)x 108

%X 10-3
x 1010
X 1010
x 1010

0.96
0.36
1.21
0.60

>10 x10'° .
theoretically ~10'9

(>0.005,<0.2) x1010

Masses and mean lifetimes of elementary particles, as

shown in Table I of the first wallet card issued in 1957.

Image credit: Barkas and Rosenfeld, UCRL-8030.

Jonas Rademacker (University of Bristol)

PDG on Charm
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Pentaquarks 2020

20

— — 3;D ;D"
Al <) .
> 26 <r> % N :
@ 102 8 = 1200k
(2. (O) p 1200
o 0 s [ — data LHCb
oS 24 o g 1000-_—tota| fit i
< e} . — background
© .
T} 2 s .
22 2 § goof-
= 2 i
S~ - B
) S A LW AL . T
10 % g 600
o :
o]
c
©
@)

400@ﬁ | o -

[(4440)" [ P (4457
18 : o

200
16 1 : "
S L 4300 4250 4300 4350 4400 4450 4500 4550 4600
my, [GeV?] My [MeV]
State M [MeV ] I' [MeV ] (95% CL) R [%]

P.(4312)% | 4311.9+0.7758 | 984277 37 (< 27) [ 0.30 £0.077035
P.(4440)% | 44403 +1.3751 | 20.6 + 4. 9+10 i (< 49) | 1.11 +£0.331032
P.(4457)F | 4457.3+0.6111 | 6.4+£2.07 27 (< 20) | 0.53 £0. 16+8 }g
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Browsing through the DY listings

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

D° 1Py = 307)

D° MASS
The fit includes D+, DO, DE, D*£, D*0, D%, D, (2420)0, D} (2460)°,
and D51(2536)i mass and mass difference measurements.

Given the recent addition of much more precise measurements, we have
omitted all those masses published up through 1990. See any Review
before 2015 for those earlier results.

VALUE (MeV) EVTS
1864.83 +£0.05 OURFIT
1864.84 +£0.05 OUR AVERAGE
1864.845+0.025+0.057 63k 1 TOMARADZE 14 DO - K=2rt g~
1864.75 +£0.15 +£0.11 AALJ 13v LHCB DO - Kt+2k—xt
1864.841+0.048£0.063 4.3k 2 LEES 135 BABR ete™ at T(4S)
1865.30 +0.33 +0.23 0.1k ANASHIN 10A KEDR et e~at 4(3770)
1864.84740.150£0.095 0.3k CAWLFIELD 07 CLEO DO — k%o

1 Obtained by analyzing CLEO-c data but not authored by the CLEO Collaboration. The
largest source of error in the TOMARADZE 14 value is from the uncertainties in the
K~ and K2 masses. The systematic error given above is the addition in quadrature of
40.022 + 0.053 MeV, where the second error is from those mass uncertainties.

2The largest source of error in the LEES 13 value is from the uncertainty of the K
mass. The quoted systematic error is in fact £0.043 + 3 (mK‘ — 493.677), in MeV.

DOCUMENT ID TECN COMMENT

th - mDo
The fit includes D=, DO, DE, D*+, D*0, D%, D; (2420)0, D} (2460)°,

and D51(2536):t mass and mass difference measurements.

VALUE (MeV) DOCUMENT ID TECN COMMENT
4.822+0.015 OUR FIT
4.76 +0.12 +0.07 AALJ 13v LHCB Dt — KT K=ot
D° MEAN LIFE
Measurements with an error > 10 x 10715 s have been omitted from the
average.
VALUE (10-15 5 EVTS DOCUMENT ID TECN COMMENT
410.1+ 1.5 OUR AVERAGE
409.6+ 1.1+ 15 210k LINK 02F FOCS + nucleus, ~ 180 GeV
407.9+ 6.0+ 4.3 10k KUSHNIR... 01 SELX K zt, K- atztz—
413 +£ 3 + 4 35k AITALA 99 E791 K« t
085+ 41t 35 25k BONVICINI 99 CLE2 ete™ ~ T(4S)
413 +4 +3 16k FRABETTI 940 E687 K 71, K atzatn—
HTTP://PDG.LBL.GOV Page 1 Created: 6/1/2020 08:33

Jonas Rademacker (University of Bristol)

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

o o o We do not use the following data for averages, fits, limits, etc. o o o

44 +£11 £ 7 5118 FRABETTI
417 +18 £15 890 ALVAREZ
388 +23 641 1 BARLAG
480 +£40 +30 776 ALBRECHT
422 +8 +10 4212 RAAB

420 +50 90 BARLAG

91
90

90C

88l
88
87B

E687 K 7T, K rntrxtna—
NAl4 K™zt K- xtatza—
ACCM 7~ Cu 230 GeV

ARG eTe™ 10 GeV

E691  Photoproduction
ACCM K™ and #— 200 GeV

1BARLAG 90C estimate systematic error to be negligible.

See the related review(s):
D% — D° Mixing

|"'D‘1’ —ng| =zl

The D? and Dg are the mass eigenstates of the DO meson, as described

in the note on “D0-D0 Mixing," above. The experiments usually present

x = Am/T. Then Am=a T =z /7.

“OUR EVALUATION" comes from CPV allowing averages provided by the
Heavy Flavor Averaging Group, see the note on “DY-D" Mixing."”

VALUE (1010 1 s~ 1) CL%

DOCUMENT ID

TECN  COMMENT

0.95+3:41 OUR EVALUATION

0.7 £0.4 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram

below.
+0.41 1
0661047 AALJ
2 AAL
— 2.10+1.29+0.41 3 AAL
3.7 £2.9 15 4 LEES
5ko
+0.18 6
1.3740.46 038 PENG
7 AALTONEN

0.39+0.56£0.35

19x
18K
16v
16D
14

14

LHCB D0 — K¥xta— |
LHCB ppat7, 8, 13 TeV 1
LHCB ppat7 TeV

BABR ete™, 10.6 GeV

BELL ete™ — 7(nS)

BELL ete™ — T(nS)

13AE CDF  pp at 1.96 TeV

8 DEL-AMO-SA..100 BABR eTe™, 10.6 GeV

e o o We do not use the following data for averages, fits, limits, etc. ® o o

17A0 LHCB  Repl. by AALJ 18k
13CE LHCB  Repl. by AAlJ 1740

9 AAL
10 AALY
11 AAL
64 T14 +10 12 AUBERT
—2 *7 13 LOWREY
+0.32 14
1.9840.737 037 ZHANG
< 7 95 15 ZHANG
—11  to 422 14 ASNER
< 11 90 BITENC
HTTP://PDG.LBL.GOV Page 2

PDG on Charm

13N

LHCB Repl. by AAIJ 13cE

09AN BABR et e™ at 10.58 GeV

09

078

06
05
05

CLEO et e at 4(3770)

BELL Repl. by PENG 14
BELL ete™

CLEO ete™ ~ 10 Gev
BELL

Created: 6/1/2020 08:33
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Browsing through the DY listings

Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)
Citation: P.A. Zyla et al. (Particle Data Group), Prog. Theor. Exp. Phys. 2020, 083C01 (2020)

e o o We do not use the following data for averages, fits, limits, etc. o o ®
0 14P) = 1(07) - -

D 2 424 £11 £ 7 5118 FRABETTI 91 E687 K~ nT, K- atatax

417 +18 +15 890 ALVAREZ 90 NA4 K at, K atrtza—

2 — Cu 230 GeV

+40

D° MASS
The fit includes D+, DO, DE, D*£, D*0, D%, D, (2420)0, D} (2460)°,
and D51(2536)i mass and mass difference measurements.

Given the recent addition of much more precise measurements, we have
omitted all those masses published up through 1990. See any Review
before 2015 for those earlier results.

VALUE (MeV) EVTS DOCUMENT ID TECN  COMMENT
1864.83 +0.05 OUR FIT
1864.84 +0.05 OUR AVERAGE

1864.845+0.025+0.057 63k 1 TOMARADZE 14 DO - K=2rt g~
1864.75 +0.15 +0.11 AALJ 13v LHCB D9 — Ktok—nxt
1864.8414+0.048+0.063 4.3k 2 LEES 135 BABR eTe™ at 7(4S)
1865.30 +0.33 +0.23 0.1k ANASHIN 10A KEDR e e™at 4(3770)
1864.84740.15040.095 0.3k CAWLFIELD 07 CLEO DO — k%o

1 Obtained by analyzing CLEO-c data but not authored by the CLEO Collaboration. The
largest source of error in the TOMARADZE 14 value is from the uncertainties in the
K~ and K2 masses. The systematic error given above is the addition in quadrature of
+0.022 & 0.053 MeV, where the second error is from those mass uncertainties. VALUE (100 ns7h) O ——.TECN _ COMMENT

2 X . . 4
The largest source of error in the LEES 13S value is from the uncertainty of the K +0.41
mass. The quoted systematic error is in fact £0.043 + 3 (mKJr — 493.677), in MeV. 0'95—0.44 OUR EVALUATION

0.7 £0.4 OUR AVERAGE Error includes scale factor of 1.4. See the ideogram
below.

Mmp: — M
b Ly 0.66 7343 1Al 19x LHCB DO - K%rtr— |
The fit includes D=, DO, DE, D*+, D*0, D%, D; (2420)0, D} (2460)°, 2 AAL 18k LHCB ppat7, 8, 13 TeV 1
and D51(2536):t mass and mass difference measurements. — 2.104+1.29+0.41 3 AALS 16V LHCB ppat7 TeV
3.7 £2.9 15 4 LEES 160 BABR ete™, 10.6 GeV
VALUE (MeV) DOCUMENT ID TECN  COMMENT 5ko 14 BELL eTe™ — T(nS)
4.822:£0.015 OUR FIT . . 1370461018 6 PENG 14 BELL ete™ — T(nS)
476 +£0.12 +0.07 AALJ 13V LHCB Dt — Kt K== TAALTONEN 13A% CDF  pp at 1.96 TeV
0.39+0.56+0.35 8 DEL-AMO-SA..100 BABR eTe™, 10.6 GeV
Do MEAN LIFE e o o We do not use the following data for averages, fits, limits, etc. e o o
Measurements with an error > 10 x 10715 s have been omitted from the 9 AALY 17A0 LHCB  Repl. by AALJ 18K
average. 10 AAl) 13CE LHCB Repl. by AAIJ 17A0
11 aAl) 13N LHCB Repl. by AAIJ 13CE
VALUE (10715 ) VIS DOCUMENT ID TECN  COMMENT 6.4 ﬂ:;‘ +1.0 12 AUBERT 09AN BABR et e at 10.58 GeV
410.1+ 1.5 OUR AVERAGE +7 13 +e= at
4006+ 1.1+ 15 210k LINK 02F FOCS ~ nucleus, ~ 180 GeV -2 6 LOWREY 09 CLEO eTe™ aty(3770)
407.9+ 6.0+ 4.3 10k KUSHNIR... 01 SELX K-WI, K- atxta— 1-98i0-73f8'i§ 14 7HANG 078 BELL Repl. by PENG 14
413 +3 + 4 35k AITALA 99 E791 K~ :
T s L < 7 95 15ZHANG 06 BELL ete™

4085+ 41t 32 25k BONVICINI 99 CLE2 ete™ ~ T(45) 1 s 14 ASNER 05 CLEO ete— ~ 10 GeV
413 £ 4 £ 3 16k FRABETTI 940 E687 K 71, K atzatn— < 11 90 BITENC 05 BELL
HTTP://PDG.LBL.GOV Page 1 Created: 6/1/2020 08:33 HTTP://PDG.LBL.GOV Page 2 Created: 6/1/2020 08:33
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Doubly Charmed baryons

« New cc stats

- New charmed baryons

- Sometimes you get both: New

doubly-charmed baryons:

(i
=cc

LHCb: PRL 121 (2018) 16, 162002,
Chin.Phys.C 44 (2020) 2, 022001,
JHEP 02 (2020) 049

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 54


https://inspirehep.net/literature/1681011
https://inspirehep.net/literature/1760788
https://inspirehep.net/literature/1766239

Doubly Charmed baryons

« New cc stats

S 180E [ HCb 13 TeV E
- New charmed baryons S 160 R I
R Fee 4
%120 -------- Signal ‘ = §~
- Sometimes you get both: New 2 100 ---Background Jr s
ie) J i
doubly-charmed baryons: S 80 | - Y z
BT S of bt 5 B LI € 2 S S R
cc 4] 4 .{,H 1 O
4FTT 4 33
LHCb: PRL 121 (2018) 16, 162002, 20 . J . E
Chin.Phys.C 44 (2020) 2, 022001, 0 I35001 — .3600. e I37001
JHEP 02 (2020) 049 m_, (E+) [MeV/c?]
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https://inspirehep.net/literature/1681011
https://inspirehep.net/literature/1760788
https://inspirehep.net/literature/1766239
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PDG and PuRe

a DOE Science &

- @doescience

The 2,000+ page book of particle physics reference
data managed by the Particle Data Group started in 1957
as a simple wallet card. Since then, it's grown to be the
reference guide for particle physicists. Get to know this
#SCPuReData resource: pdg.lbl.gov

particle data group

9:56 pm - 26 May 2021 - Sprout Social
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Sweden Bnland
Denma \’
Netherlands
d - ' ermony
i .~ = '~Czech Republic

—Austria_
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Booklet survey

PDG: B ora] B
s vl daC k roun d I
]

« Goals

— Check if conclusions from discussions at 2018 PDG meetings as
summarized in Advisory Committee report are still valid:
Status of hard copies of PDG products
There is evidence that while the consumption of the hard copy of the RPP and the
booklet might be decreasing, there exists a core section of the community, which finds
the physical products extremely useful and appealing. We were also assured that the
cost of printing and distributing are incremental to the total cost of PDG activities. The
committee therefore concludes that there is no rational reason to discontinue the printed
version as long as its cost is relatively minor compared to the overall PDG activities. We

encourage PDG management to continue to monitor the shipping numbers and adjust
the printing run sizes accordingly.

— Determine whether producing printed PDG Booklet is still useful in
view of falling demand for printed products (about -12% / edition)

* Survey timeline
— 4/17/2020 Sent to PDG Collaboration, encouraging feedback

— 4/21/2020 Sent to everyone who ordered Book or Booklet
since 2016 and agreed to receiving PDG e-mails

— 4/22/2020 3,900 responses within 24 hours
— 5/6/2020 4,629 responses, closed survey

Jonas R ————— L AWRENCE BERKELEY NATIONAL LABORATORY s ' 6XICO 57
Virtual PDG Mini Collaboration Meeting, November 5, 2020 Juerg Beringer (LBNL), Page 13



Booklet survey

-~

Responses ceceeey]
P

« 31% response rate (without sending any reminders!)
— Very strong response — community clearly cares

« 1,373 comments (87 pages in 11pt font)

« Responses come from all kinds of positions and all regions

@ Undergraduate student

@ Graduate student
Postdoc

@ Faculty or staff

@ Engineer/technician

@ Teacher

@ Science fan

@ Other

@ United States

@ Other North or South America (except
United States)
Europe

@ People's Republic of China

@ Japan

@ Other Asia (except People's Republic. ..

@ Australia / South Pacific

® Africa

@ Other region

maessssssssssssssssn L AWRENCE BERKELEY NATIONAL LABORATORY 1 —
Virtual PDG Mini Collaboration Meeting, November 5, 2020 Juerg Beringer (LBNL), Page 14
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Booklet Survey

Do you currently have a copy of either the 2018 or the 2016 Booklet?

4,629 responses

@ Yes
® No

_ )

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 59



Booklet Survey

How often have you used a printed PDG Booklet - either your own or someone else's - in
the past 12 months?

4,629 responses

@ Frequently (at least once per month)

@ Several times (less than once per
month)

@ Once or twice
® lNever
@ Don'trecall

Jonas Rademacker (University of Bristol) PDG on Charm Charm 2020-21, | wish | were in Mexico 60



Booklet survey

On a scale of 1to 5, how important will the PRINTED version of the Booklet be for you in the

future?

4,629 responses

1,500

1,000

768 (16.6%)
500

513 (11.1%) 519 (11.2%)

1 2 3
Not important/no need

Jonas Rademacker (University of Bristol) PDG on Charm

1409 (30.4%)

1420 (30.7%)

5
Very important
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D" — K*n~nTn~ Coherence factor then
N
Use interference effects in charm as input to y fte =G TS
I'(B™ — (K™31),K™) rE + ("“15377)2 + 2R 3.rprp°" - cos(dp + 05° — )

from D-D
superpositions
at CLEO-c

0.10.20.30.40.50.60.70.80.9 1
RK3n

Phys.Lett. B757 (2016) 520-527

CLEO-c input theory: Atwood, Soni: Phys.Rev. D68 (2003) 033003
CLEO-c input: Phys.Rev.D80:031105,2009, update

mixing/gamma theory JHEP 1503 (2015) 169 Phys.Lett. B728 (2014) 296-302
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http://arxiv.org/abs/hep-ph/0304085
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1252078?ln=en
http://inspirehep.net/record/1335411?ln=en
http://inspirehep.net/record/1423295?ln=en

D° Mixing as input to y from Bx— DK+

TN / DR~

DO Kt (K-t )pK-

This process is sensitive to the same D-D
iInterference effects that affect this

measurement.
LHCb: Phys.Rev.Lett. 116 (2016) no.24, 241801

S. Harnew & JR: Phys.Lett. B728 (2014) 296-302
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http://inspirehep.net/record/1252078?ln=en
http://inspirehep.net/record/1423070?ln=en

D' — K*tn ntn™ Coherence factor then

: : : RB_MD = c; + iSi
Use interference effects in charm as input to y

B~ — (K+37T)D K™) re + (rg?’”)z + 2Ry 3,rpraT - cos(dp + 673" — )

CLEO-c input theory: Atwood, Soni: Phys.Rev. D68 (2003) 033003
CLEO-c input: Phys.Rev.D80:031105,2009, update

mixing/gamma theory  JHEP 1503 (2015) 169 Phys.Lett. B728 (2014) 296-302
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http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1252078?ln=en
http://inspirehep.net/record/1335411?ln=en

D" — K*n~nTn~ Coherence factor then
N
Use interference effects in charm as input to y fte =G TS
I'(B™ — (K™31),K™) rE + ("“15377)2 + 2R 3.rprp°" - cos(dp + 05° — )

from D-D
superpositions
at CLEO-c

0.10.20.30.40.50.60.70.80.9 1
RK3n

Phys.Lett. B757 (2016) 520-527

CLEO-c input theory: Atwood, Soni: Phys.Rev. D68 (2003) 033003
CLEO-c input: Phys.Rev.D80:031105,2009, update

mixing/gamma theory JHEP 1503 (2015) 169 Phys.Lett. B728 (2014) 296-302
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http://arxiv.org/abs/hep-ph/0304085
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1252078?ln=en
http://inspirehep.net/record/1335411?ln=en
http://inspirehep.net/record/1423295?ln=en

D — Ktn~ntn~ Coherence factor then

Use interference effects in charm as input to y
— (K+37T)D K_) X T’B + ( K37T) + 2R i3.rBrT

from D-D
superpositions
at CLEO-c

NCE

010203040506070809 1

K3n

Phys.Lett. B757 (2016) 520-527

Input from charm mixing

200F
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100-

50

PRL 116 (2016) no.24, 241801

(LHCb)

- [ay?=1
-l =4
- Wa=9

CLEO-c input theory: Atwood, Soni: Phys.Rev. D68 (2003) 033003

CLEO-c input: Phys.Rev.D80:031105,2009, update
mixing/gamma theory  JHEP 1503 (2015) 169

Jonas Rademacker (University of Bristol)

Phys.Lett. B728 (2014) 296-302
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http://arxiv.org/abs/hep-ph/0304085
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1252078?ln=en
http://inspirehep.net/record/1335411?ln=en
http://inspirehep.net/record/1423295?ln=en
http://inspirehep.net/record/1423070?ln=en

D — Ktn~ntn~ Coherence factor then

Re™ P = ¢, +is;

Use interference effects in charm as input to y
F(B_ — (K+37T)D K_) X r% + (7“53”)2 -+ 2RK37T7“B7°§37T ' COS(5B -+ (55‘% — 'y)

from D-D .
" Input from charm mixing Combination:CLEO-c
superpositions and mixing
(LHCb) '
at CLEO-c
: 3 50 (s e
? S 300- Way? =4 = 300~ AXz— ,4,9
% %0 250 Wax*=2 %8 250"
200- 200~
150 — 150
100> 100~
50- 50-
O10203 0 T e 70.1020504050560.70509 1 B 0.102030405060.70805 1
K3 Rysx R,
Phys.Lett. B757 (2016) 520-527 PRL 116 (2016) no.24, 241801 Phys.Lett. B757 (2016) 520-527

CLEO-c input theory: Atwood, Soni: Phys.Rev. D68 (2003) 033003
CLEO-c input: Phys.Rev.D80:031105,2009, update

mixing/gamma theory  JHEP 1503 (2015) 169 Phys.Lett. B728 (2014) 296-302
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http://arxiv.org/abs/hep-ph/0304085
http://www-spires.dur.ac.uk/spires/find/hep/www?eprint=arXiv:0903.4853
http://inspirehep.net/record/1252078?ln=en
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84. Charmed Baryons

Revised in part June 2020 by D.J. Robinson (LBNL).
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Coherence factors: average only model-independent
measurements.

D9 » K~ 7~ 2x+ COHERENCE FACTOR Rk 3,

See the note on ‘DY-DO Mixing’ for the definition. Ry 3. can have any value between
0 and 1. A value near 1 indicates the decay is dominated by a few intermediate states
with limited interference.

VALUE EVTS DOCUMENT ID TECN COMMENT
053 +0-18 1,2,3 EVANS 16 ete = DODO at

) ¥(3770), pp at 7,8

TeV

e o o \We do not use the following data for averages, fits, limits, etc. o o o
0.458+0.01040.023 0.9M,3k 4 AAIJ 18A1 LHCB amplitude models |
0.32 7920 1.3 LiBBY 14 Repl. by EVANS 16
0.36 1921 5 LOWREY 09 CLEO Repl. by LIBBY 14
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Charm input to CPV in B

Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW), Gronau, London Phys.Lett.B253:483-488,1991 (GLW)

/ Ditavour— K€" Ve

Dtavour— KsTTHTT™

% _DO

0.5 1 1.5 2 25 3

simulated data

mM2(Kstt+)/GeV2

Atwood, Dunietz and Soni Phys.Rev.Lett. 78 (1997)

3257-3260 (ADS) Giri, Grossman, Soffer and Zupan Phys.Rev. D68 (2003) 054018 Belle Collaboration Phys.Rev. D70 (2004) 072003

Jonas Rademacker (University of Bristol)
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http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/0303187
http://arxiv.org/abs/hep-ex/0406067

Charm input to CPV in B

/v Bﬂavour_’ K+e Ve /v Dcp+ = KK

Diiavour— KsTTHT™ \ DCP— — Ksl'[ﬂ‘[—

>

. O )
50 lEE%&D (|>52.5

' N4

=

0: 1 1 1 1 1 1
0 05 1 15 2 25 3

m ) PR P S N S
12 0 0.5 1 1.5 2 25 3

simulated data simulated data m;,

M2(KTt)/GeV? M2(KsTt)/GeV?

Gronau, Wyler Phys.Lett.B265:172-176,1991, (GLW), Gronau, London Phys.Lett.B253:483-488,1991 (GLW) Atwood, Dunietz and Soni Phys.Rev.Lett. 78 (1997)
3257-3260 (ADS) Giri, Grossman, Soffer and Zupan Phys.Rev. D68 (2003) 054018 Belle Collaboration Phys.Rev. D70 (2004) 072003
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http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B265,172
http://www.slac.stanford.edu/spires/find/hep/www?j=PHLTA,B253,483
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/9612433
http://arxiv.org/abs/hep-ph/0303187
http://arxiv.org/abs/hep-ex/0406067

Biggest change for charm inputs to CPV in B since
2018: BES |lI

¢; = (cos(5)) CLEO-c
5, = (sin(5) ) t BESII
°  Model

N
r

m? (GeV?/c%)

b
T

S = N W A U Nl X

m?2 (GeV?/c%)
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