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A story of Charm

I know she invented Fire, but what has she done recently? — Ikaros I. Bigi



Flavour Physics at the GeV scale

branching fractions

differential distributions

CP asymmetries

Measured first since they are the
easilest to measure.

It has the least information of the
dynamics since it is kinematically
integrated.

Theory uncertainties can be large
due to significant non-perturbative
contributions.

Ratios of branching fractions can be
used to reduce theory
uncertainties.

Limited sensitivities to new
dynamics primarily through rare
decays

Gives increasing numbers of
experimental handles for higher
multiplicity final states.

Various kinematic configurations
can be probed.

A lot more sensitive to new
dynamics that can appear in
distributions more distinctly than in
total rates.

Important for studies of resonances
and strong phases.

Experimentally more challenging
because higher statistics is
necessary.

A unique probe of the weak phase
coming from the CKM matrix

Very challenging measurements
since asymmetries are usually small
with a few exceptions.

Very sensitive to new dynamics at
higher scales through the
generations of new CP violating
phases

CP asymmetries have been
measured in strange, charm and
beauty decays
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the charm sector

® the ONLY quark in the up quark sector that partakes in oscillations \
® the ONLY neutral meson system where direct CPV can possibly overcome indirect CPV

® the ONLY quark that does not distinctly lie in the non-perturbative or the perturbative regime

® the ONLY quark dynamics that SM has chosen to leave tiny signatures in )

[ mixing ] [ Indirect CP violation]
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beginning Of the SeSSiOIl Ayan Paul — Charm 2021 — 4t June 2021 @

e\



CPV in D - PP (P = K, m)
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the new big measurement of CP asymmetry

PHYSICAL REVIEW LETTERS 122, 211803 (2019)

\
= [— + +
Observation of CP Violation in Charm Decays @ B = [ 082 © D2N(stEg) GGy

R. Aaij et al.’ \
(LHCb Collaboration)

® (Received 21 March 2019; revised manuscript received 2 May 2019; published 29 May 2019) @ AA cP = [—0 62 + 0.21(stat) + 0. IO(SYSt)]%

\

defined to cancel out A14(,'P = ACP (K_K+) - ACP (”_ﬂ+) Bzo]:-l'lz AAZ.};) = (—0.87+0.414+0.06)%
production and _ A(t) el
detection asymmetries R Aa‘é‘f, — ——< Ar, |
7(D°)
AAcp = (4+0.14 £ 0.16 (stat) £ 0.08 (syst))%
4 . , N [
® The first measurement of CP asymmetry in the charm sector.
_ AAcp = [-0.10 £ 0.08(stat) & 0.03(syst)] %
® The only measurement of CP asymmetry in the up quark sector.
@ The Standard Model prediction for this asymmetry is only to an / g
: : -3y _ —4

order of magnitude: 0(107>) — 0(10™%). AAcp = (=154 +2.9) x 10~ (:l

® While the measurement is compatible with the Standard Model, -
. o . /
there have been suggestions that it is larger than expectation.

- J
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Buccella et. al.

the parameterization
c P ctc Y arxiv:1902.05564

the weak Hamiltonian:
Gr
il v
V2

the operator basis:

cd [Cchli + C2Qg] + Evub

Hy = =2
V2

6
1=3

q4 - 3 the U-spin components:
Q1 = a% (1l = 5)dg d” v*(1 = 5) Car

Q% = 0%, (1 — y5)da d® v*(1 — 5) ca Hay=1= j—(Vus Voo = Vuad Vo) [C1(QF — QF) + C2(Q5 — Q3))]
. _ Gr :
Qs = (1 —5) ca Y @¥*(1 —s5) g5, TSm@c cos 0c[C1(Q] — QF) + C2(Q5 — Q3)]-
q
Qs =8 u(l ) s ) @7"(1~ ) day CP conserving
q
Qs = @ Yu(1 —75) ca 3 P71+ 75) ap- CP violating
: g
Qo =@ Wu(l =) cp Y @71 (1+5) da- Hppsole =ty v {Z CiQs + 51C1(@4 + QD)+ C2(Q3 + @91}
= \/— ub Yep 1 1 2 2

weak amplitude + rescattering + small SU(3)r breaking amplitudes
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Buccella et. al.

arameterization of the AU =1 part
P cte ono e AU P arxiv:1902.05564

H — V V* _ V * C s __ d C s __ d <f|| I= 1/2” > — chud ‘/csVus <f||61=1H2> _ _VcsVud
av=1= 5 75 ut Vea) C1(Q1 = Q1) + C2(Q3 — Qo) (fTor=olli) VViVes | UllBrolliy © ViV
_Gp \ (FIN5r=spalli) _  2v2ViVig (f15r=s/allé) _ [2  VeaVua
~ 7 sin ¢ cos 0c[C1(QF — QF) + Ca(Q5 — Q)] FBrmplliy — ViV —3VaVas * (fI5rmalld) \[ﬁm*;vudwzvus

v" we would like to introduce the minimal SU(3); breaking through FSI but enough to give a coherent picture of the branching
fractions. In the SU(3); limit the only reduced matrix elements are:

R81—>\/—_(5T 5C+A) 7,50 Rgl—)—\/—_(T-FC A) 150 R271—)7(T+C)

RSy —» ——— (5T — 5C + A)e*® | CAand DCS

8,0 \/%( )

R81/2 — \/7(T C+A)8260, R81/2_) \/7(T+C A)Gzao, R83/2_>_F(T+C A) 260

3
R271/2_>—2\/;(T+C R273/2—>\/7T+C SCS

T — colour connected, C — colour suppressed, A - SU(3)r conserving contribution from annihilation
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Buccella et. al.

arameterization of the AU =1 part
P cte ono e AU P arxiv:1902.05564

once SU(3)r 1s broken: 27 and 42 transitions are not generated by SU(3); breaking
]. id! ’i5_ _
Rg,l — \/— (2T—3C—|—A)e51—|—(3T—2C—K)e é] [ tan@oA(D+—>KO7T+)75\/§A(D+—>7r07r+)]
19 15 | ; .
551 . / (2T 3C + A) oi%h _ (3T —2C — K) e %] R5~ :should ]zs :1ifsfei;?:2c;‘ﬂiﬁ.and DCS

No exotic resonances in 27: FSI phase small and set to O

K and K’are SU(3); violating contributions to annihilation Rz = _% (T - 20) (e“‘o 6156> sin 2¢
Er— o =i (7730) (42 %) o (=) g s aen e
BR(D? — K—7t) 555 (T30 +A—K)e'd
T L L R O R
——— (2T -3C+A—-K')e 2
Ry — \/>T+C A+K+K)e ) f;/ﬁ( SN ) .
Raiz > (T _ §C) ((e’*‘so n e“SO) — cos2¢ (6“50 — 6“50)) = \/_ (7T — 8C + 2A) &'
Ryr1 — % (T+C ++) DCS —21%(2T—3C+A—K’)ew,%
Rgly — —% (T+C —A)e™™ SCS

_|_
§' = 81(1 — ¢5) and & = 5%(1 ~¢5) phases for the D]

2
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Hay=o = — Evub

Buccella et. al.

arameterization of the AU = art
P cte on o e AU Op arxiv:1902.05564

6
3 {30 G+ 5[C1(Q1 + @D + 0a(Q3 + @)
=3

B(D® - KtK~) = P+ T + A3z, P and A;cannot be disentangled
B(D® = K'KY) = A,.

vanishingly small since it requires the simultaneous creation of strange and down quarks
pair. Suppression similar to OZI suppression but stronger.

All phases in the AU = 0 part are determined by the AU = 1 part and extracted from the branching fractions

B(D° 5 xtn) =P (% (e"‘36 + e”") + (e"‘s6 - e“") (—1 cos(2¢) — \;— Sin(2¢)>)

P

(P+T + A3)

+(T +C) ( 2 (% +e) + 5+ (60 cos(26) + \/17 Sin(2¢)) (¢ - ei60)>
#0 (% —c) (L cos29) — i),

4\/E
B(D° - KTK™) =P (i (ei‘sf,J + ei‘s") + (ei‘s6 — ei‘so) (_E cos(2¢) + \}_ sin(2¢)> + %ewl)

+(T+C) ( 210 ( 0 4 ewo) - 30 + % cos(2¢) ( — ei‘s°> - %ei&[)
+Ay (i (ei‘so + ei’so) + (ei‘56 = ei‘so) <_ﬁ sin(2¢) + \/_ sm(2¢)) % ”1)
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the parameterization

Buccella et. al.
arxiv:1902.05564

weak amplitude + rescattering + small SU(3)r breaking amplitudes

7 N
T — colour connected

C — colour suppressed

A — SU(3)f conserving contribution from annihilation
. J

Cp — singlet-octet mixing angle )
0o — the FSI phase of the singlet in [ = 0 amplitude
5y — the FSI phase of the octet in I = 0 amplitude

6 1 — the FSI phase of the singletin ] = : amplltude

61 — the FSI phase of the singletin [ = 1 amplitude
\ €5 — the splitting in the | = 0 phases for DF and DO )

(" BR(D® » K*m) _ 4, )
BR(D® — K—n+) 0 ¢

K and K’ — non-conservation of strangeness

changing neutral and charged currents

xtan o A(DT — Kont) = V2A(DY — 707t)

k and k' — SU(3)y breaking in the 27 matrix element.

the U-spin components:

Hay=1 = 2G—\/—(Vus Vos = Vua V) [C1(QF — QF) + C2(Q35 — Q3))]
G—\/g sin ¢ cos 0o [C1(QF — Q%) + C2(Q5 — Q9))].

1

CP conserving

CP violating

. ¥

S1C1@4 + QD) +Ca(Q3 + @91}

B(D° - KTK )=P+T+A3="P
B(D° - K'K%) = A,.

A, — OZI suppressed

Ayan Paul — Charm 2021 — 4t June 2021 @


http://arxiv.org/abs/arXiv:1902.05564

(nto) (nto)

T | 0.424 +0.003 3o —2.373 £ 0.062] 2.373 + 0.062
C |—0.211 4 0.003 8 —0.840 + 0.046| 0.840 4 0.046
K |—0.036 % 0.004 61 —1.632 £ 0.020

k' | —0.063 4 0.088 &1 —1.085 4+ 0.038

K | 0.100+0.012

K'|—0.153 £ 0.072

A |—0.026 £ 0.019

¢ | 0.435=+0.025|[(P + As)/T|—1.897 +0.211|—0.465 + 0.211
€5 | 0.067 & 0.061

1.632 + 0.020
1.085 + 0.039 *‘mfﬂl"

We get both +ve and —ve solutions for the FSI phases.

The —ve phases follow the correct Gell-Mann Ne’eman
Okubo ordering of phases.

The size of the penguin amplitude (P) depends of the sign
of the FSI phases.

The negative solution of the phases gives P/T ~ 0.9, i.e., the
size of the penguin amplitude is comparable to the tree.

Channel | Fit (x10~%) | PDG (x10~°) |BESII (x10~°)
SCS

DY —» ntx~ | 1.448 £ 0.019] 1.407 + 0.025 | 1.508 + 0.028
D — 7°7° | 0.816 £ 0.025| 0.822 + 0.025 —
Dt 5 xtx% | 1.235 +£0.033| 1.17 + 0.06 1.259 + 0.040
D° - KK~ | 4.064 + 0.044| 3.97 + 0.07 4.233 + 0.067
D° 5 KsKs | 0.168 + 0.012| 0.17 + 0.012 —
DT - KTKg| 3.164 + 0.056| 2.83 + 0.16 3.183 + 0.067
DT - KTK; | 3.164 + 0.056 — 3.21 £+ 0.16
Df —» 7K+ 1.41 £ 0.15 0.63 + 0.21 —
Df - ntKs | 1.24 £+ 0.06 1.22 £ 0.06 ~

CA & DCS
DT 57" Ks | 15.80 £+ 0.29 14.7 £ 0.8 15.91 £ 0.31
DT - 77K | 14.37 £ 0.52 14.6 £ 0.5 —
D° 7T K~ | 38.96 + 0.32 38.9+ 0.4 =
DY - 7Kg | 12.29 + 0.21 119+ 04 12.39 + 0.28
D° — 'K, 9.73 + 0.21 10.0 + 0.7 —
DY - KTKs| 14.67 + 0.41 15.0 +£ 0.5 —
DY - 7K+ | 0.151 + 0.013| 0.181 4+ 0.027 | 0.231 + 0.022
D° — 7= K* | 0.141 £+ 0.003| 0.1385 + 0.0027 —
D° 5 7T KT | 39.1 + 0.32 — 38.98 + 0.52

J

R(DF, KT) = —0.0103 & 0.0074
5K7r — 5K_7T+ — 5K+7T_ — 3.140 :|: 5.690

- J

AAcp = (=154 +2.9) x 10~

&)
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The choice of phase

4 N\
The Gell-Mann-Ne’eman-Okubo mass

formula sets a direction for the choice of the
sign of the phases based on the hierarchy of
the phases since they correspond to
resonances of particular isospin

The negative solution is favoured if we accept
that the phases are generated by FSI due to a

nonet of scalar resonances

- J

NOT measures of goodness of fit!

(nto) (nto)
T 0.424 + 0.003 0o —2.373 £ 0.062] 2.373 4+ 0.062
C |—0.211 £+ 0.003 5o —0.840 £ 0.046| 0.840 £+ 0.046
k |—0.036 £+ 0.004 5% —1.632 £ 0.020| 1.632 £ 0.020
k" | —0.063 + 0.088 01 —1.085 £0.038| 1.085 4+ 0.039
K 0.100 £ 0.012
K’'|—0.153 + 0.072
A |—0.026 £ 0.019
[0} 0.435 £+ 0.025 (P + Ag)/T 897 £0.211]1—-0.465 + 0211
€5 0.067 £ 0.061
\

Y| oo O v

[ LHCb Imp.'17

RMS

I B i
-30 -25 -20

-15 -10 -5

LogLikelihood

[ LHCb Imp.'17

[ |Mean -13.2

L |RMS 2.57

7I | 1 1 1 1
0 -30 -25

-20 -15 -10

LogLikelihood

Ayan Paul — Charm 2021 — 4t June 2021 @



70

60

50

40

30

20

10

an estimate of SU(3)y breaking

Buccella et. al.
arxiv:1902.05564

Note: All SU(3); breaking amplitudes are small in consistency with the hypothesis that the breaking of the

symmetry is brought about by the strong phases from FSI.

These parameters encapsulate annihilation contributions which can be expected to be much smaller than
the tree contributions (T and C).

HEPT

LHCb Imp.'17

| |

-0.06 -0.05

-0.04
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Mean -0.0371
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negative phases

HEP{T

charm@HEPfit

Mean 3.14

Sstd Dev 5.69
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Buccella et. al.
arxiv:1902.05564

positive phases

HEP i}

charm@HEPfit

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

-20

Mean -3.14

Std Dev 5.69

Kn

HFLAV: assuming no CPV in DCS decays. Belle II will measure it to a few degrees.
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(n%£0) (%)

+0) (%)
ACP DO ACP (D—: ) (M .
the CP asymmetries - ( +) 0i — -ve 0i — tve -~ ( i 0 —» -ve 0i — tve several CP asymmetries
. D° S 7xtm | 0.117+0.020] 0.118 £0.020||DT — KT Kg|—0.028 = 0.005|—0.026 £ 0.005 :
depend on the sign of the | (o, Jo 0 | 004+ 0.009] 0.079+0.010||DF — 7+ Ks |—0.040 + 0.007 |—0.036 % 0.007 can be predicted from
FSI phases D° — K+K~|—0.047 £ 0.008| —0.046 £ 0.008|| DF — 7K+ | 0.048 £ 0.006| —0.003 £ 0.004| | the measurement of Adcp
D° - KsKs | 0.04340.007| 0.038 +0.007
g iee gicem gcem the CP a§ymmetr1es are
w002 e PoTp— B0 parametrically correlated
et 3 ";‘;"'“‘ sl through the penguin
N Ol:‘ .02 .
foot . 0.05]- El amplitude
H-0.051 A 0.04F Na) F
5 F = % o
&0-06;— < 0.030 < i RMS (%)
o 00b Acp(channel) imode (%) . Belle II LHCDb
0.07F Loz~ -0.02
F o o Current Fit| 5 o b—1 [137]|50 " [138]
o ‘ ‘0.‘05I - ‘Oi%)l ‘ ; i().‘ISI - I012 a2 b.|05 - ‘01%)‘ ‘ +I _‘O.IISI - IOlZ ‘ IO.IOSl - '01%‘ I +‘ ;0.|15 - ‘012 _DO — 7T+7T_ 01174 0020 0.05 -
= s el Sl A D° — x°x° | -0.0034 | 0.009 0.09 -
D° — KtTK~| -0.0465 0.008 0.03 —
b D’ - KsKs | 0.0431 0.007 0.17 -
N Dt = KT Kg| -0.0276 0.005 0.05 -
w DY — 7t Ks | -0.0403 0.007 0.29 —
S AAcp -0.164 A A 0.01
N
£—0.03— I I
d current precision of predictions of CP
o asymmetries from AAcp already exceeds the
‘ lO.l05l - ‘Oill = ‘O.l15l - I012 — b.I05 = ‘011‘ - b.IISI - ‘012 - IO.IOSl - }011‘ - b.I15‘ - ‘0!2 Be]']'e II eXpeCted preCiSion

A (D—mnT) % Ap(D—mnT) § Ap(D'—m'nT) %
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@P@ in @@ = Kg@Kg



(2)

CL%%;.(DO — KSKS)

(b)

CPVin D? —» KK

0.015< . -
N — 3 ’ L

O=—1 0= —7, S[HEPT

N ‘ 0.0 7charm@HEPEit
0.010¢} -
o0 0.06F
0.005} =
5 — Emo.o{—
0.0002 == gk A
N 0.04
—0.005¢ 5 F
< 0.03
_OO].O' ,/, \‘ E 0 02:_
‘S =T §=m1 _ 3w, -

_O 01% ,, 5 I_ 4 |5 _ 2|! : 6 |4 h O 01: 1 1 1 | | | I 1 | 1 1 1 | | 1 1 1 1
"Y20.015—0.010—0.005 0.000 0.005 0.010 0.015 . 1.5 ) 0.5 3
(b — ¢mix P/T

U. Nierste and S. Schacht, CP Violation in D° — KsKg, Phys. Rev. D92 (2015) 054036,

[1508.00074].

The difference stems from the fact that the exchange contribution (which is not OZI suppressed) is generated by rescattering in our
work and is treated as an independent contribution in Nierste et. al.

i 2|Vcbvub|
dir 0
D" - KgKg)| < ———r— ~
|aCP( S S)l ~J €|VCSVUS|
. 2 .
085 < = x AadL = 0.4%

2

J. Brod, A. L. Kagan and J. Zupan, Size of direct CP violation in singly

0.6% Cabibbo-suppressed D decays, Phys. Rev. D86 (2012) 014023, [1111.5000].

G. Hiller, M. Jung and S. Schacht, SU(3)-flavor anatomy of nonleptonic charm decays,
Phys. Rev. D8T (2013) 014024, [1211.3734]. Ayan Panl - Charm 2021 - 4% [une 2021



(2)

(b)

CPVin D? —» KK

0.015< - —
‘\\5 = 2 0= _T’/
s 0.010¢
”n
< 0.005) =
S M
T 0.0008= o ¥
o OQ
2 _0.005} B
20 &
3
—0.010} .- \
//5=§ §=71) 52:’%\
—0.018 515 =0/070—0:005 0.000 0.005 0010 0.015

¢ T gbmix

2 OLED: (-23:19)%

LHCb RunT: (-2.9:5.2:2.2)%

i PRD 63 (2001) 071101

JHEP 10 (2015) 055 T
| Belle: (:0.02:153:0.17)% G
PRD 119 (2017) 171801 2
LHCb Run2: (-31:1.2:05 :0.2)%
New WA: (-1.9:1.0)% -
o o2 0 02

AP(KQ K?9)

o

o

o

o

.07

.06

.05

.04

.03

.02

.01

IIII|Illllllll[llII|III\|IIII|IIII

charm@HEPfit

Current experimental status
LHCDb Run?2 from arXiv:2105.01565
For details see Lorenzo’s talk on 03/06
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LHCb ——

——--)

E Lin~ 8 fb!

Belle II, LHCDb and its upgrades

——p Lt ~ 50 fb!

LHCb Upgrade |
hjecblr-?ngam £=2x10% l'l-LHCh*LlslgnAnASI

CMS Phase 2 uoarades

LS4

£=1-2x10%

LHCb Upgrade Il

—

Las » Lint~ 300 fb!

Co017 | 2010 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2020 | 2v2r | 2020 | 2029 | 2000 | 2031 | 2032 | 2003 | 2004 [ avas|[| || 2040 |

Observable Current LHCb LHCb 2025 Belle 11 Upgrade II  ATLAS & CMS
EW Penguins -
Ri (1 < ¢® <6GeV3ch) 0.1 [274 0.025 0.036 0.007 -
Ri+ (1 < ¢ < 6GeV3ct) 0.1 [275] 0.031 0.032 0.008 =
Ry, Ryk, Rx — 0.08, 0.06, 0.18 ~0.02,0.02, 0.05 —
CKM tests
v, with B — DK~ (+17)° 136] 4° - i -
~, all modes (F29)° (167 1.5° 1.5° 0.35° -
sin 23, with B® — J/¢ K9 0.04 [609] 0.011 0.005 0.003 =
b5, with BY — J/v¢ 49 mrad [44] 14 mrad - 4 mrad 22 mrad [610]
65, with BY = DI D7 170 mrad [49 35 mrad - 9 mrad -
555 with BY — ¢¢ 154 mrad l9—4% 39 mrad — 11 mrad Under study [6T1]
af) 33 x 1071 [211 10 x 1074 - 3x 1071 =
[Vio| /| Ves| 6% [201] 3% 1% 1% -
BY, B —putpu~
B(B® = utpu~)/B(BY = ptu) 90% [264 34% - 10% 21% [612]
TBO syt pm 22% [264 8% - 2% -
S = - - 0.2 =
b — ¢l 7; LUV studies -
R(D*) 0.026 [215/217 0.0072 0.005 0.002 -
R(J/v) 0.24 [220] 0.071 0.02 -
Charm
AAcp(KK — 7o) 'y 8.5 x 10~ [613 1.7x 1074 5.4 x 1074 3.0 x 107° -
Ar (= zsin @) ® 2.8 x 107 [240] 4.3 x 107° 3.5 x 1074 1.0 x 107° -
zsin¢ from D° — K*r~ 13 x 1074 [228] 3.2x 1074 4.6 x 1074 8.0 x 1075 -

x sin ¢ from multibody decays

(K3m) 4.0 x 107

(K%7m) 1.2 x 1074

(K3r) 8.0 x 1076
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the parameterization

weak amplitude + rescattering + small SU(3)r breaking amplitudes

the U-spin components:

(T - colour connected Gr ; ;
C — colour suppressed ~ Hay=1 = (Vus Ves — Vua Vo) [C1(Q1 — QF) + C2(Q3 — Q3)]
gA - SURB)Y \i

)l

a1 T+ additional sources of SU(S)F breaking

dop — the |

8 > the +n—n +D->PV+D ->VV + ..

51 — thel

\_ J
\65 — the splitting in the I = 0 phases for Dy and D”* ) /
& BR(D" » K*no) G 6
x BR(D" —» K-7t) = ¢ Hav=o = — ﬁVub Veb {Z CiQi + [01 (@3 + Q) + C2(Q5 + Q2)]}

K and K’ — non-conservation of strangeness
changing neutral and charged currents

B(D° - KTK™)=P+T+A3="P
% 0 070\ _
xtawcﬂ‘l(l?+ — KOrt) = V2A(D* — ) B(D” = K°K") = Ay.

k and k' — SU(3)r breaking in the 27 matrix element.
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Summary

We are reasonably successful in fitting the branching fraction of multiple decay modes applying SU(3); breaking through large Final
State Interactions and small shifts in the amplitudes.

Since all CP asymmetries in the SCS sector, depend on one combination of parameters, they can be predicted from current AA.p
measurement.

The fits to the branching fractions offer both positive and negative values of the phases leading to some differences in the
predictions of the CP asymmetries.

The precision with which the CP asymmetries can be predicted from the current AA-; measurement is equal to or smaller than what
can be probed by Belle with 50 ab-!.

The sign ambiguity in the phases leads to an ambiguity in the prediction of the penguin contribution which can only be resolved by
extremely precise CP asymmetry measurements.

bottom line: {weak amplitudes + rescattering + small SU(3); breaking amplitudes} gives a good description of the
D — PP system and allows us to make predictions of CP asymmetries and strong phases
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HEPfit: a MCMC based Bayesian analysis framework

HEPfit website:
http://hepfit.romal.infn.it

O

(7

H

Eflt home developers samples documentation

HEPfit: a Code for the Combination of Indirect and
Direct Constraints on High Energy Physics Models.

G
—
Higgs Physics Precision Electroweak Flavour Physics BSM Physics
HEPfit canbe usedtostudy Electroweak precision observables  The Flavour Physics menu in Dynamics beyond the Standard
Higgs couplings and analyze data are included in HEP£ 1t HEP{1t includes both quarkand  Model can be studied by adding
on signal strengths. lepton flavour dynamics. models in HEPS1t.

Downloads

References

Current Version: HEPfit v1.0-RC1
Developer Version: HEPfit @ GitHub

Core@HEPfit
The User Manual s coming

soon!

\\

BAT website:
https://bat.mpp.mpg.de/

E:E
O
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Epilogue: long distance effects from rescattering

One can split the effective Hamiltonian into the CP-even and CP-odd part

= (f|H|i) = (f|Hg + iH;|i) = TR +iT};.
Scattering matrix
D—D |D—nmr D—KK
g_ = D | mm > 7w - KK =( 1 —z(T)T)
~ | KK - D KK - KK - KK --- | — —iCP(T) Ss

strong interaction rescattering matrix rotates the two parts
R R I I
=Ss(T7)*,  T" =8s(T")",
since Ss is symmetric it can be diagonalized
0S0T = Sg,‘ag = diag(ezi‘sl, e2i52, ... ,e2i6*v) ,
in the diagonal basis we recover Watson'’s theorem
_ qdiag W _ 1(0;+n;m
(OT) = 5¢™(0T) = (OT); = [(OT));e ( J
in terms of the weak decay matrix elements W,
T; = 0;;¢% ™0, Wy, = Ry (78) W,
we arrive at the rescattering matrix

Ry (71) = 05" M 0y,

S1=o

Isospin amplitudes

A(DY - nta0) = %A
AD® - ntr7) = 'Az;—\/\gAO :
A(D° - 770 = —\/iAf/(_i_ A ,
ADT - KtK?% = ';13 + Af,
AD® = KTK™) = A13+~*4211 +-A(I)<
A(D® - KOK®) = —Af§ — -;1 +-’45<

+ rescattering matrix from nn rescattering

0.97¢758° 0.21e71136° 0.04¢'™°  0.05€'152° 0.10e¢14%°

0.21e7*136° 0.80e7*2"" 0.41¢ 1™ 0.32¢74120° 0.21 ¢ 7109

0.04¢'™° 04171 0.87¢ 7147 0.10€°16°  0.25¢° %"

0.05¢152°  0.32¢77120° 0.10€°165° 0.92¢7%1° 0.21¢7 111"

0.10e7*12° 0.21 7109 0.25¢25°  0.21e*111° 0.91¢7*14
AT ALK AR AT A™

let there be CP violation!
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THANK YOU!

apaul2@alumni.nd.edu X

http://www.desy.de/~apaul @)
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To my Mother and Father, who showed me what I could do,

and to Ikaros, who showed me what I could not.

“To know what no one else does, what a pleasure it can be!”

— adopted from the words of

Eugene Wigner.
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