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Fanda PANDA Physics Programme
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Anti-Proton ANnihilation in DArmstadt

Farioa PANDA Physics Programme
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* Meson spectroscopy
> Light mesons
Open charm

v v

> Exotic states:
glue-balls, hybrids,
molecules / multi-quarks
* (Anti-) Baryon production
* Nucleon structure

¢ Charm in nuclei
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Potential model:
Quark model '85 - ‘13
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+ elativstic corrections! Se ot 1 1ot 1T 2t 2 3T
Godrey & Isgur, PRD 32 e 'S, °s/D, P, °P, °P,°PIF,°D,°DIG, - -
[Barnes, Godirey & Swanson, PRD 72 (2005) 054026
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* After 2003:

and observed spectrum

Potential model:
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o Charmonium spectrum (cc) HFHF
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» Severe mismatch between predicted
and observed spectrum

* Several supernumerary vector states3 .
Y(4260), ..., Y(4660)
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- New states
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* Several charged manifestly exotics:
Z(3900)*, ..., Zo(4430)*
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= Charmonium spectrum (cc) HFHF
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Fanda Mesons and exotic states HFHF

Simple Quark model
* Mesons: Color neutral qq systems

G Conventional (qq)
QcD

* Meson states beyond qg

Hybrid (q3) g 89 Molecule (q8)(G3)
’ a Hadro-quarkonium (QQ)(qa)

Glue-ball (gg) or (9gg) \‘\\ @ Di-quarkonium (qQ)(Ga)

Tetraquark (qQQQ)

oS
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==X Facility for Antiproton and lon Research NF ¢

PANDA at FAIR
(GSI, Darmstadt, Germany)
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High Resolution (HR) mode: High Luminosity (HL) mode:
* Luminosity up to 2 x 10" cm?2 s * Luminosity up fo 2 x 102 cm? s
* Aplp=2x10° e Aplp=1x10*
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Fanca Some Advantages of Anti-Protons

Formation:
. i _. i i & -
Access to all fermion am.lfermlon oi 5 O O
quantum numbers (not in e*e’) ~ . @ | ]
* Access to states of high spin J only Jre=1- all qg Jre
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Fanda Some Advantages of Anti-Protons

Formation:
* Access to all fermion-antifermion \ &= 5 0:] ®
. =d
quantum numbers (not in e*e’) ’ =< . @
* Access to states of high spin J only Jec = 1- all g Jee
* Precise mass resolution in | Resonance 1 |-~ cosssecion |
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Fanda Some Advantages of Anti-Protons HFHF

Formation:

* Access to all fermion-antifermion < 0, L 0 O
quantum numbers (not in e*e) v - o sj
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* Access to states of high spin J only Jro =1~ all g Jee
3 2
* Precise mass resolution in §'75F  yi (o=l
formation reactions EE
a 1.25
4
S
078
0.5
0.25 + A
E760/835@Fermilab = 240 keV o i = =1
3460 347077 3500 3510 3520 30
PANDA@FAIR = 50 keV Vs (MeV)
Ablikim et al., Phys. Rev. D71 (2005) 092002:  Andreotti et al., Nucl. Phys. B717 (2005) 34:
BES (IHEP): 3510.3 £ 0.2 MeVi/c* E835 (Fermilab): 3510.641 = 0.074 MeV/c*
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B HFHF
Banda
Charmonium-like Exotics
-- XYZ states
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= Experimental review of the X(3872) HFHF

fr— T * First observed by Belle in 2003
L ] > X (3872) — J/ymta~
800 i > very narrow state with J°¢ = 1"
[ U — I e ]
200 [ n * Belle & BaBar report signal in
X 1 > X(3872) — DYD*0
100 |- ] * Mass [X (3872)] — m[D*] — m[D"]
F X(3872) — Jip ] = (-0.07 = 0.12) MeV/c? (LHCb 2020
olt ] * Width measurement:
0.40 0.80 1.20 » Mx@er2< 1.2 MeV (2011, Belle)
M(n+n-|+|-) _ M(I+I') (GeV) » x@sr2) = 1.39 MeV (2020, LHCb)
Analogy to deuteron:
D = For clarification:
10 fm! D => Precision measurement with
""""" sub-MeV resolution needed!
;HHK Nerlin Charm physics with PANDA, P9 18 31/05/2021
18



s HFHF

Banda

Perfomance Study for energy resonance scans of
narrow resonances, like the X(3872)

5/31/21

. . ; ture
Reminder: Jution needed to clarify nd
soIution
Sub'MeV re —> pand=
Frank Nerline Charm physics with PANDA, pg 19 31/05/2021
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e Scan Procedure Principle (Example) HFHF

20 Eems scan point within 0.4 MeV window around nominal mass

PANDA —expyield |
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“me= Scan Procedure Principle (Example) HFHF

20 Ecms scan point within +0.4 MeV window around nominal mass 120
HR

2o AR T, =130 keV
i 100 | Iy, =120 + 20 keV.

events

2

2 o

:ﬂ; -0.4-03-02-01 0 0.1 02 03 04

i E - E, [MeV]
0 . ..,»“«“n..,.

U VTVURIS SUVVO | PRI YO IOTYROPY, L LIRS .t

9 3 3 R

T2 32
T (Govee) i) iGovi) T Gove’ i) Goved)

ANDA, Eur. Phys. 1. A 55 (20,
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ESsSI . . HFHF
s=nc=  Scan Procedure Principle (Example)
20 Ecms scan point within 0.4 MeV window around nominal mass o
§‘20 HR PANDA
¥ > Ty =130 keV MG stuy
0 PaNDs 100 1y =120+ 20 keV
Y
i)
%20 80
olehd, U - POV At At
" 60
" 40 |
2: 3, Fraads .-1}\4 4. J\wn......,pu.}\»».um 20} 7
Yo H
M o bitei e . .
© -04-03-02-01 0 0.1 02 03 04
20 ” : ﬂ ~Repeat many times . & [MeV]
o . = e T
E 40| HR I PANDA
o Io =130keV | MC study
w0
o ’T
m
- will s . w
w0
- 20
o 15
) PUVTTVTSING YUYV \ ORPYW ITTUOPY | JUPOE Y0 NEPUOPNY SR 10
T3 32 EE T T E T
e oV o oV 5
. . 0
ANDA, Eur. Phys. J. A 55 (2019) -200-150-100 -50 0 50 100 150 200
Erank Nerlin Charm physics with PANDA Ty [keV]
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G I P HFHF
Fanda Sensitivities Breit-Wigner I" (40 x 2d)
* Extract standard deviation from toy MC fits
* Show relative error rmssi/ it in [%]
Sensitivity S meas _ #Ij[“ (Breit-Wigner (;..\.»)|
= 120 7y
> I PANDA ~+P1 mode
8100 || £ MC study -»-HR mode
€ §
[ \l i - HL mode
§ 80f 1l
€ [
= t E g = 50 nb
< eofn
40
— 20%|@ =50 ... 120 keV
20 HR  HL
o ‘ ‘ ‘ P
0 100 200 300 400 500
T, [keV] [PANDA, Eur, Phys. 1. A 55 2019
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==X Sensitivities Breit-Wigner I' (40 x 2d) HFHF

* Extract standard deviation from toy MC fits
* Show relative error rmssi/[it in [%]

Sensitivity Alyeas _ RMS

o = et Ty (Breit-Wigner um»)|

— 120
> PANDA ~+P1 mode
%100 MC study -»-HR mode
L= = HL mode
~
é 80
= Gg =50 nb
<

@
=}

N
=}

30

n
5}

-
n

0 ‘
0 100 200 300 400 500
T, [keV]
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Fanda Sensitivities Breit-Wigner I" (40 x 2d)

* Extract standard deviation from toy MC fits
* Show relative error rmsti/[it in [%]

HFHF

i Almeas _ RMS i Wiener cace
Sensitivity T = o i Th (Breit-Wigner case )|
< 400
PANDA  +Pimode | g PANDA ~+P1 mode
MG study +HRmode | = 350 f MCstudy - HR mode
= HL mode é 3000 ¢ -=HL mode
8 250} 30
65=50nb |
E

'\,‘
w
Rl S -4
— -
0 . . \ n 0 T ST S
0 100 200 300 400 500 0 20 40 60 80 100 120 140 160
T, [keV] G [nb]
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:é'f—n':: Distinction of Lineshapes (40 x 2d) HFHF

* How well can virtual vs bound state be distinguished?

Flatté line shape depends on E;

_ E-1s0MeY - £ 100Mev Sensitivity
b bound| ¢ bound
w Er=-140MeV| )  E=|-10.0MeV 10% Prmis, bound as virtual state
» ® % 14f PANDA ~+P1 mode
@ S =) MC study - HR mode
0 10 ® 12 -= HL mode
o
= *
a2z 1 9 1 2 2 o 1 E " 1 A
- R >
_ £=70Mev _ E- 50vev 208
£ £ ;
= virtual | ¥ virtual o
o E=70MeV| Er=-50MeV ur 06
© w 04
= » 02
" " 0 L L L L L L L
e ) T Mo 20 40 60 80 100 120 140 160
e, o e o
G [nb]
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e  Distinction of Lineshapes (40 x 2d) HFHF

* How well can virtual vs bound state be distinguished?

Flatté line shape depends on E;
[REPITTY [ERTYYT<Y Sensitivity

bound ”
Er=-14.0 MeV

o)

10% Pmis, bound as virtual state

PAN ~+P1 mode
MC study

o)

U"o 20 40 60 80 100 120 140 160
o [nb]

Frank Nerlin: Charm physic:
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Fanda LHCb measurement of x1(3872)

[Phys.Rev.D 102 (2020) 9, 092005]
rach it

[htips:/farxiv.org/abs/2005.13419] CERN-
[\RCH | LHCb-PAP:

Frank Nerlin:

. ER. 0-008
Study of the lineshape May 27, 2020
of the x.1(3872) state
Abstract
A study of the lineshape of the y.1(3872) state is made using a data sample
corresponding to an integrated luminosity of 3fb™" collected in pp collisions at
centre-of-mass energies of 7 and 8 TeV with the LHCD detector. Candidate x,; (3572)
mesons from b-hadron decays are selected in the J/r* 7~ decay mode. Describing
the lineshape with a Breit-Wigner function, the mass splitting between the 1 (3872)
and 1(25) states, Am, and the width of the 1 (3872) state, Ipw, are determined
to be
Am = 185.588 % 0.067 + 0.068 MeV,
(Tew 139 £0.24 £0.10 MeV, |
where the first uncertainty is statistical and the second systematic. Using a Flatté-
inspired lineshape, two poles for the y.1(3872) state in the complex energy plane
are found. The dominant pole is compatible with a quasi-bound D°D*® state but a
quasi-virtual state is still allowed at the level of 2 standard deviations.
Charm physics with PANDA, pg 28 31/05/2021
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== . ) . HFHF
Farica LHCDb lineshapes (incl. resolution)
10 Original lineshapes Lineshapes with resolution
~ Breit-Wigner | | Tncl. resolution and background

400F i E 7000E s E|
O Plawe - Breit Wigner [
el 6000F — Flatté 3
3
2
2

384 386 388 39
mygrer [GeV]

Figure 4 shows the comparison between (e Breit Wigner and |

* Due to detector resolution both models cannot be distinguished
> 1.39 MeV (BW) vs. 0.22 MeV (Flatté) => factor of ~5

7.3 Comparison between Breit Wigner and Flatté lij

alté Tineshapes.
model results in a

Frank Nerling Charm physics with PANDA, pg. 29
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Thanks to the precise EI P

2 5| Flatté (-7.2MeV)
beam resolution: BW(L4 MeV)

Top: Original line shap

Bottom:

os|
€’ )
s s s vsre Pt sn sy o vy
2.s[PANDAHL " Z.[PANDAP1 PANDAHR :
o 4+}dEan= 168 keV e o a[dEam= 84 keV dEcm= 34 keV/|
HX Yas
a
2 25
2
1 15
b
P 0s
3868 3870 3872 3874 8 3870 3872 3874 8 3870 3872 3874
P o ion) e lion)
=> Breit-Wigner and Flatté models are distinguishable at PANDA
Frank Nerlin Charm physics with PANDA, pg. 30 31/05/2021

What can we do with PANDA?  HFHF

Line shapes convolved with
corresponding beam resolution

es

30
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GsI
Banda

T oo HFHF

PHYSICAL JOURNAL A

Rogular Aricle Experimental Physics

Precision resonance energy scans with the PANDA experiment
at FAIR  Sensitivity study for width and line shape measurements of the X(3872)

* Addendum:
Investigate separation power

[Paramoter —————— [Vae

— Er (Flatté) vs. I (BW) o BRUy—ee) 597%
@
-% 5 BRUW—p ) 5.96 %
* Key parameters from 58 BR(p?— ) 100%
— EPJA55 (2019) 42 @ 1T
BR(X — J/y p°) 5% (UL: 6.6%)
* Total beam time 2 Gpeak(PP — X) [20,30,50,75,100,150] nb
—40x2d=80d 8 § o(pp — Jiy T non-res) 12nb e
O 8 o(pp— inelastic) @3.872GeV 46 mb (cu ikt ior (0s0)
* Generate many (toy) spectra %
L .872 GeV) 1 -
for Flatté & BW model £ ez SeesCE 0y
8 Lk (3872GeV) 1368 (nb-d)-t
* Fit both line shapes to each 5 Let  (3.872GeV) 1170 (nb-d)-*
generated distribution AEabs (energy prec. w/ calibration) 168 keV (dp/p = 10+)
§ AEre (relative energy positioning) 1.7 keV (dp/p = 106)
* Determine fit probabilities 5 vy
Pr & Paw and fractions of o el (DY Ep= )
incorrect assignments — Pmis &  AEmon (HR) 34 keV (dp/p = 2:10%)
— AErom (P1) 84 keV (dp/p = 510%)
Esu HFHF

Example: Breit-Wigner, ' = 300 keV (P1 mode)

s=nc=  Scan Procedure Principle (Example)

¢

ield

o
o BW lineshape (I = 300 keV) PANDA BW fit: Py, = 0.64 PANDA
=100 sy | > O Flatte ﬁt:Ell"’vF 32) MC study
P .
0} Poseen %
numbers .
60 h 60
40 40
20 20

1

3870 3871 3872

3873 3874

Eqn [GeV]

* Compute true lineshape (BW or Flatté)
* Generate poisson random number for each Ecm and fill graph
* Fit lineshapes to extract fit probabilities Pew and Pr

3870 3871 3872 3873 3874
Ecn[GeV]

5/31/21
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Fanda Parameter dependent performance

Performance as Mis-ID of Flatté as BW

Performance across Flatté energy Ef range (LHCb: Er = -7.2 MeV),

Flatté — BW
— 60 .
= [PANDA HL mode
(] _ P1mode

o 50 indistinguishabl! HR mode

40

30

20

iLHCb fit
10 !

L H
079 -85 -8 -75,-7 65 -6 55 -5

* Mis-identification probability Pmis vs. Er
* For three beam modes (HL, HR, P1)

® Pmis = 50% => "indistinguishable"

i E, [MeV]
Ei=-7.2MeV
Frank Nerlin Charm physi with PANDA, pg 33 31/05/2021
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E=u HFHF
Fanda Parameter dependent performance
Performance across Flatté energy Ef range (LHCb: Er = -7.2 MeV),
and Breit-Wigner 'sw range (LHCb: 'sw = 1.39 MeV)
Flatté — BW BW — Flatté
— 60 - - %60
£ IPANDA HLmode | |PANDA HL mode
g fmoswey Pimode | 2 bweouy_ _________| P1 mode
o 50 indistinguishable HR mode | indistinguishable HR mode
40 40
30 30
20 20
| LHCb fit
|
10 -’-\__“/-——-\\- 10 LHCb fit
L e =
o %\ i o s
9 85 -8 75,7 65 -6 55 -5 01 02 03 04 0
] E, [MeV] T [MeV]
Er=-7.2MeV
N.B.: For 'ew = 1.4 MeV we
find 0% mis-ID in all modes ...
Frank Nerlin Charm physics with PANDA, pg 34 31/05/2021
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Fanda Parameter dependent performance

Performance across Flatté energy Ef range (LHCb: Er = -7.2 MeV),
and Breit-Wigner 'sw range (LHCb: 'sw = 1.39 MeV)

Flatté — BW BW — Flatté
= 60 : : 60
= [PANDA HLmode |2 |PANDA HL mode
2 MC study P1 mode 2 y P1 mode
o 50 == Tindstnguisnanie ~ | HRmode | 50 indistinguishable HR mode
40 40
30 30
20 20
'LHCb fit
0 .

L i 0
-9 -85 -8 -75,-7 65 -6 _-55 -5 0.1 0.2 0.3 0.4 0.5

&L 72vev | Distinguish between models: T [MeV]
HL Mode : = 98% correct
HR Mode : = 95% correct
P1Mode :=90%correct |
Frank Nerling 31/05/2021
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GBS HFHF
Fanda Parameter dependent performance
How much better are we than than "indistinguishable*?
Idea: Consider so-called odds := correct identifications per wrong one
Flatté » BW
= 60— : 8 =
= PANDA HL mode S [PANDA
2 MCstwdy P1 mode O [‘Momgtudy
o 50 indistinguishable HR mode 1
40
30 10?
20
1 10 1]
ILHCb fit ILHCb fit [ HI mode
10 i ! P1 mode
s indistinguishable HR mode
0685 6 75 "7 65 -6 55 5 -9 -85 -8 -75 -7 65 -6 655 -5
' E, [MeV] E, [MeV]
At least ~10x better than odds = (1 = Pris) / Prmis
indistinguishable (full range)
Frank Nerlin Charm physics with PANDA, pg 36 31/05/2021
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Models and Multiplets for XYZ

[Drenska, Riv. Nuovo Cim. 033 (2010) 633]

HFHF

* Need to measure complete multiplets 43 <58 ealieq]
= to really understand XYZ nature 42 Py * | =
~ cscu cscd 1+
Z 4.1 cdcs cucs
* e.g. di-quarkonium [cq][CG] models 2y xarap
provide predictions 2 1239007 2(3900)°2 2(3900)2
s 39 e ——
> Look for stranged partners 3.8} cden cuzd
> Look for light high spin states
-1 =05 0 0.5 1
[Cleven et al., arXiv:1505.01771] B
. Y(4630) i = ]
. (a) I &) TE e.g. light J=3 state!
Z,(4020) -
3% 0 3 — Y@200) -
& , 3 S
< xas) SR Tl xa%o) 5 e _
2 38 342 Y(4260)
= —_ = J—
input Y@008) —
36 prediction 40 e
0 1" 1 2+ 0 1 2= 3= ot 1= 27t
e

Frank Nerlin:
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GSI -
Faricim Models and Multiplets for XYZ HFHF
[Drenska, Riv. Nuovo Cim. 033 (2010) 633]
* Need to measure complete multiplets 43 P [eallea]
- to really understand XYZ nature 4. q1 *q
4.
* e.g. di-quarkonium [cq][CG] models
provide predictions 2(3900)*?
—
cd
> Look for stranged partners s
> Look for light high spin states
1
[Cleven et al., arXiv:1505.01771] B
Y(4630) e.g. light J=3 state!
aaf @ wf © - 9-19
Z,(4020) -
e v — vemo) -
3 7.(3900) . (4290)
< xalsy SR et xe%o) -+ _
238 Y(4260)
= JR— J—
input Y@4008) _
36 prediction 40 -
0 1 1 2t 0 1 2— 3~ 0 1= 2
I <
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GBS -
==} Models and Multiplets for XYZ HFHF
A\ [Drenska, Riv. Nuovo Cim. 033 (2010) 633]
* Need to measure complete multiplets 43 Py leqlicq]
= to really understand XYZ nature 42 I * | =
~ csea csed 1+
> 41 cdes cucs
. . - Lo
* e.g. di-quarkonium [cq][€g] models 9 4
provide predictions 2 2(3900)*2
9 —
cd
> Look for stranged partners 8 _._:uc
» Look for light high spin states
-1 -05 0 0.5 1
[Cleven et al., arXiv:1505.01771] B
@ ) Y0 e.g. light J=3 state!
42 X
Z,(4020) -
Z 40t — e J—
3 3900) 0y
5 xahs e T xabo _
’;’. 38 .
input .
36 prediction
0 1 1" 2+ 0 1 2= 3= 0~ 1= 2~
e e
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am Models and Multiplets for XYZ HFHF
[\)\cH\L{). Riv. Nuovo Cim. 033 (2010) 63. i]

f S8 [eqlleq]

cact ol _1

S /é-:_xgssvzg?

2 12300012 Z(3900)2 2(3900)

/;( —-— =

cucd

. e

5/31/21

g z
5] X(3872 Z,(3900) . 9]
b xas) SR T xa%o) 7
H J— =
input — —
36 prediction
0 1" 1 2t 3= 0" 1= 27t
e =
Frank Nerlin Charm physics with PANDA, pg 40 31/05/2021
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HFHF

Charmonium-like Exotics
-- Charmed Hybrids

Frank Nerling

Charm physics with PANDA, pg. 41 31/05/2021
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Lattice Predictions HFHF

* Lattice QCD - Predictions for masses/properties
* Current predictions for mesons, glueballs, hybrids

24 15, 3s, P, 2Py 2Py P, 'D, %D, Dy 'F; °Fs na

JC 0t T 1t 0t AT 2T 2t 27 3 3 3%exotic

Prediction:
12 40* Spin exotic
. o mm |, s
Experimental |, —umsv ] 45 hybrids
— — 3
X,Y,Z ol _U@w ot — ZL— |
[N i) T 5 - \ Prediction:
9 __ — ] Spin exotic
Sq e~ s -E e, ?‘9’ glueballs
£ =T — 13 E
7 c f— -
experiment s
A =
- CP-PACS —s—
5 Columbia —— 4 2
- lueballs m—
4 ¢ 15

Frank Nerlin: Charm physic:

vith PANDA, pg. 42

31/05/2021
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* From LQCD calculations:
Spin-exotic hybrid candidate fjc1 with m = 4.3GeV/c2, JPC= 1+
* Exclusive reconstruction in two favoured channels:

== Charmonium Hybrid Candidate ne HFHF

5/31/21

pp = ficun = xc1m°nn Bp — fic1n — D°B%%
v ) P Y
L4
_—— Ny ¥ o 70 ——7
pp. )
e L e
fkano/V pp\ /DO,——) mt Y
\ T~ Y Ac1 00—
Xaa—5 o \DO*/ K+
} ~ ‘0/ ), 7 ¥
=€ D —m
4 — - Ty
e
* Production X-section assumed similar to pp— ¥(2S)n (33pb)
= Need good calorimetry + good patrticle identification
Frank Nerlin Charm physics with PANDA, pg 43 31/05/2021
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GSI =
Pl PP — fler N — xeronn HFHF
* Simulation @ 15 GeV/c
» 80k signals + 80k each background, e.g.
Bp —J/yn°n°n®n, Bp — xc1n®nn
» 9C kinematic fit (mass constraints, 4C energy momentum)
7 0.0
n—yy Xc1 = /Yy Nel = X1
. 4300 | W
Eadi | 1 gl 2 g M exT%
. 4 il ' |
H i oot H |
w\so ! ! 200| \ 1
j i wr ! 150 ]
- - H
o # ot
| B y 50 K L 50 g
N PO . . YW — e www e
os 054 oﬁ..ns:v“»é] G4 ade a5 aﬂm(;/iﬁecwj’fi 415 42 425 43 m&:}f)“[éew:’]“
* Signal to noise:
9 E > 250- E => well feasible for os =< 10 0s !
N oB [arXiv:0903.3905, hep-ex]
Frank Nerling Charm physics with PANDA, pg. 44 31/05/2021
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G=I — ~ = HF
Farca PP — Nt n — D°Dn HF

* Simulation @ 15 GeV/c
> 200k signals + background, e.g. pp — DOpO* 0
» 11C kinematic fit (mass constraints, 4C energy momentum)

A 0350
DO — k-t 0 DO* _, P00 flcx = DD
T 350 ®
¥ 450
F H @ M e~5% #
300 o 400 |
Emv % 350] (\
L £ 00 t
200 ¢ 250 k
00 | f P
150 200) J‘
00 S 150} 1
100 - . | by
200 . i 3 100 F
Too i Y = i 13 50 e 4,
0 bememn? — b Nveme sl s
18 182 184 186 188 19 192 101 195 2 205 542 4% 43 4% 44
mK =) (Gevic’] m(0°) (Gevic?) m(OD) [GeVic?)

* Signal to noise:
N > 2900 - B(fjcy — DODO*) => feasible for non-vanishing BR

[arXiv:0903.3905, hep-ex]
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ESI
Farca Open charm: The Ds spectrum HFHF
~ 3
* Qualitative agreement theory vs. experiment N D,(2860) _—
on D states — details however still open <28l |
§’ —eD(2710)
* Many new Ds mesons (LHCb) 26 — =D,
~e—Dg, Y
=  eD.(2460)
* Narrow states (2003): Ds0*(2317) and *E T Jox

5/31/21

Ds1*(2460) still under discussion
(and other broad states recently)

* Masses: Significantly lower than expected

(quark potential model), and just below oo " o v z ¥
DK and D*K threshold i BaBar
t PR D74 032207
* Widths: Only upper limits "
Y
. 0 + gy
* Interpretation unclear: 0 |yt ey
o L+
DK / D*K molecules, tetraquarks, chiral «i R
doublers, ...? Sensitive to width oL - |
Frank Nerlin Charm Ehvsms with PANDA, pg 46 31/05/2021
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TSN |nterpretation € Width of D,,*(2317)  HFHE

M. Nielsen, Phys. Lett. B 634, 35 (2006) 6+2

P. Colangelo and F. De Fazio, Phys. Lett. B 570, 180 (2003) 7+1

. Godfrey, Phys. Lett. B 568, 254 (2003) 10 Pure Cs state

Fayyazuddin and Riazuddin, Phys. Rev. D 69, 114008 (2004) 16

W. A Bardeen, E. J. Eichten and C. T. Hil, Phys. Rev. D 68, 054024 (2003) 215

J. Lu, X. L. Chen, W. Z. Deng and S. L. Zhu, Phys. Rev. D 73, 054012 (2006) 32

W. Wei, P. Z. Huang and S. L. Zhu, Phys. Rev. D 73, 034004 (2006) 39+5

gﬂl;ru%n%\grzm Komada, T. Maeda, M. Oda, K. Yamada and | Yamauchi, APP Conf. 4o 2

H. Y. Cheng and W. S. Hou, Phys. Lett. B 566, 193 (2003) 10 - 100 Tetraquark state

A Faessler, T. Gutsche, V.E. Lyubovitskij, Y.L. Ma, Phys. Rev. D 76 (2007) 133 79.3 + 32,6 DK had. molecule

M.F.M. Lutz, M. Soyeur, Nucl. Phys. A 813, 14 (2008) 140  Dynamically gen. resonance

hyl;: Ko Ov%na%s K (é\"@o %)Hanharl, UI-G. Meifiner 133 + 22 DK had. molecule

M. Cleven, H. W. Giesshammer, F. K. Guo, C. Hanhart, UIf-G. MeiRiner Strong and radiative

hep-ph: arXiV/ 1405.2242 (2014) decays of Dst'(2317) and Ds1(2460)
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== Width of Dy*(2317) HFHF

* Theoretical interpretations very sensitive for [(Dso’(2317))
* Formation reaction not possible: pp - D;0(2317)
= Energy scan with recoil at threshold: pp — D‘S*D:O(2317)’

7 L ”’“wim\(~ (m +mp.)') (". o i”“‘)l') [C. Hanhart]
M2 " dw 5 T (m — mpeunn)” + (1/2)
s 160 T T
g M, =2.0GeV '
= 140} dplp=1e5 H
3 : ’
© 120 : 4
Threshold ! //
i 100 Ds'Dso* | )
- Lineshape at threshold : /
depends on "(Ds0(2317)*) 80 i /
:
i
60 !
i
40 ;
20
B .
-10 5 10
Frank Nerlin Charm ¢ Excess energy [MeV]

48

16



HFHF

GBS . -
== Reconstruction of pp — Ds*Ds*(2317)-
* Simulation @ 8.8 GeV/c
> 40k signals, 40k each background, e.g. pp — D;'Ds_ﬂ0
» 10M generic background events
» Inclusive reconstruction of Ds*, missing mass technique

Mmiss Mmiss VS. Mpg Mmiss + Mpg
#
il
1
HE]
t
50 P
—
600) + i
Lo
|
o |
4" 4 2.
200 N - 2%
-
ety e N LT & =
mom) (GeVie] i, + gy, [GEVIE]
. efficiency
make use of strong ?
correlation between masses ex~25%

[arXiv:0903.3905. hep-ex]

5/31/21

Frank Nerlin: Charm physics with PANDA, pg. 49 31/05/2021

49

=S¥ Energy scan simulation around threshold ~ HFHF

Panda

= DDy um = Muiss(D) + M(D,) 15mesared oits
- == =
100 keV

[M.Mertens, PhD thesis
Charm physics with PANDA, pg. 50 31/05/2021
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G - -
==} Energy scan simulation around threshold HFHF
Extracted excitation function Sensitivity of width Measurement
o 60
©
5,600 50 A
5
2 509 _——
2 >
2 £ 30+
@ 400 = ——0 (AE = 1 MeV)
I © 2 ——0 (AE = £1 MeV, +25P)
& 300 —&—0 (8 = £2 MeV)
by 10 -+
—@—0 (AE = £2 MeV, +25P)
200 0 : . - - ,
0 100 200 300 400 500 600
100)
[, [keV]
0
il 1 1 1 L
4284 4285 4286 4287 4288 => Relative accuracy
Vs [MeV] or/l <1/3 for T > 100 keV
[M.Mertens. PhD thesis
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Summary and prospectives HFHF

* Broad & fascinating physics programme at PANDA
> Hadron spectroscopy, in particular exotics
> Selected examples discussed:

Charmonium (-like) states, Charmed Hybrids, Open Charm

* Many new, unexpected (exotic) states observed during last decade

> Interpretation still unclear
> Precise measurements and confirmations needed

* Anti-protons provide experimental key technique

* Upcoming PANDA experiment at FAIR
> Complementary production mechanisms and measurements
> Precise knowledge of decay width and line shape essential
» Complete the exotic multiplets
- Unique: High statistics + precision resonance scans + high spin states

5/31/21
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= Summary and prospectives HFHF

* Broad & fascinating physics programme at PANDA
> Hadron spectroscopy, in particular exotics
> Selected examples discussed:
Charmonium (-like) states, Charmed Hybrids, Open Charm

* Many new, unexpected (exotic) states observed during last decade
> Interpretation still unclear
» Precise measurements and confirm

) for
— potenti@’
n Oomb‘n‘“gagureme“‘s‘
PANDA UNAS Srecision 7
r ry al =
d\sco\le

¢ Anti-protons pro

* Upcoming PANDA experiment at FAIR
» Complementary production mechanisms and measurements
> Precise knowledge of decay width and line shape essential

» Complete the exotic multiplets
= Unique: High statistics + precision resonance scans + high spin states
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== ; HFHF
Fanca The PANDA Collaboration
e i [ e N ]
I * L
| i —tN| | 7]
== - F T )
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== ; HFHF
Fanca Status of TDRs and Construction

PANDA

Solenoid and Dipx
Spectrometcr Mag

Frank Nerling

Charm physics with PANDA, pg. 56
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==} Facility for Antiproton and lon Research HFHF

ISR |

Transformer Building and

-~ Supply Building
- (Feb 2021)
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Farca Facility for Antiproton and lon Research HFHF

Official ground breaking
in summer 2017

Same area in July 2018

[Courtesy: I.Lehmann, FAIR

s
Panda

Facility for Antiproton and lon Research HFHF

Construction of the tunnel for SIS100 -- Feb 2019

0 b |

=X Facility for Antiproton and lon Research HFHF

Banda

FAIR construction site at night -- Feb 2019

5/31/21
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Farca Facility for Antiproton and lon Research HFHF

Concrete ceiling of the first tunnel segment is poured at night -- Feb 2019

61

Fanca Facility for Antiproton and lon Research HFHF

Ceiling of the first tunnel segment -- Feb 2019
.2 L o Ay

==} Facility for Antiproton and lon Research HFHF

ISR |

-~ Supply Building
- (Feb 2021)
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Facility for Antiproton and lon Research
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