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Hadron Spectroscopy

40 Z:5(3985)  [Phys. Rev. Lett. 126 (2021) 102001] - ,ZCIS(‘}O(.)O? S [LIHCFN ‘dl‘lXiVj21013~01'8033
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K* Recoil Mass (GeV/c?)

Strange partner of the famous,
unexpected, manifestly exotic Z.(3900)?
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* Before 2003:

» Good agreement between theory
and experiment, particularly
beneath open charm thresholds

* After 2003:

> Severe mismatch between predicted i I e T330).

and observed spectrum

Potential model:

4 327w -
Vcc ey = br 55 a
¢ By T 9m2 (r)ScSe

1 20 b\ - = A4da
Vspin—dep. — m_% [(7’—3 = 5) L-S+ 3 T:|

l

+ relativistic corrections!

[Godfrey & Isgur, PRD 32 (1985) 189]
[Barnes, Godfrey & Swanson, PRD 72 (2005) 054026]
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Charmonium spectrum (cc) =S
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HEHF Charmonium spectrum (cc) =5
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 exotic |

2109 M

* Before 2003:

» Good agreement between theory
and experiment, particularly 4.5+ 1(4415) | e
beneath open charm thresholds £ (4360;, 4390) {
L W :
wso 7'?:1'2'%;

I (4160) A
* Aiter 2003: L = - e IO L [
: : 4 X(3915)_ et :
» Severe mismatch between predicted - : s e Y (384F) s $(3940) pp+

and observed spectrum

1., (4500)

m [GeV/c?]
3

3.5
* Several supernumerary vector states:
m—- Experirﬁent

/ J_/_q:g]_S_) - New states

* Several charged manifestly exotics: 3 "‘13) Quark nflodel a; "3
ZC(3900)+/-, o ZC(4430)+/- i %

JPC ot 1 1+ 0* {1 2t o— 3— 7+ ???
S s %D, P, %P, °P,°PIF,°D,DIG, - -
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* Before 2003:

» Good agreement between theory
and experiment, particularly 450 ;4415) | =22 ==

beneath open charm thresholds - (4360\)41 4390) ,—.\
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* Several supernumerary vector states:
m—- Experirﬁent
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/ J_/_q:g]_S_) e New states

* Several charged manifestly exot guark nfmdel a; 13
Z.(3900)*", ..., Z.(4430)*"
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* The X states — the .(3872) QéJPf 0" 1~ 1~ 0™ 1 2 2 37 Z 7"
was the first observed in 2003 “L, s %sip, P, °P, °P,°P/F,°D,°DIG, - -
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HFHF Experimental review of the X(3872)

[Belle Collab., PRL 91 (2003) 262001]

L L L B * First observed by Belle in 2003
> X(3872) —» J/yYm T~
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X(3872) — J/p ] = (<0.07 £ 0.12) MeV/c2 (LHCb 2020)

o U ’”’"J' S * \Width measurement:
0.40 0.80 1.20 > Tx@erz< 1.2 MeV (2011, Belle)

M(m* mI'T) - M(I'T) (GeV) > Tyasrz) = 1.39 MeV (2020, LHCb)

300 - |
- - > very narrow state with JP¢ = 1+
A y'— J/P e ]
200 - _ * Belle & BaBar report signal in
- ] > X (3872) — D°D*0
100 |- J * Mass m[X (3872)] — m[D*°] — m[D°)

Analogy to deuteron:

For clarification:
=> Precision measurement with
sub-MeV resolution needed!

I_)*
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[CDF, Phys. Rev. Lett., 103 (2009) 152001]

2200 |

* First observed by Belle in 2003
> X (3872) — J/ypm T~

> very narrow state with JP¢ = 1+

2000 F

* Belle & BaBar report signal in

1800 F
' > X (3872) — D°D*°

1600 |

Candidates per 1.25 MeV/c?

il o
1400 Y ¥ * Mass m[X(3872)] — m[D*°] — m[D"]
b e L — (-0.07 £ 0.12) MeV/c? (LHCb 2020)
3.85 3.86 8.87 3.88 3.89
Jymn Mass (GeV/c?) * Width measurement:

> Tyagra< 1.2 MeV (2011, Belle)
> rx(3872) = 1.39 MeV (2020, LHCb)

Analogy to deuteron:

For clarification:
=> Precision measurement with
sub-MeV resolution needed!
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HFHF Experimental review of the X(3872)
[CDF, Phys. Rev. Lett., 103 (2009) 152001] -
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Jymn Mass (GeV/c?) * Width measurement:

> Tyagra< 1.2 MeV (2011, Belle)
> rx(3872) = 1.39 MeV (2020, LHCb)

Analogy to deuteron:

For clarification:
=> Precision measurement with
sub-MeV resolution needed!
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Experimental review of the X(3872)

[CDF, Phys. Rev. Lett., 103 (2009) 152001]

oV [ aesl 7T & ""'_‘__""I"'I'_"
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L 2200 F . | 1§ cusp

% © 401 ,’ l‘ -------- meson

w 2000 C - Iy

N : | ¥

- . 30} I’

s 1800 F : <«

= | I I’ :

w o 20__ I '

3 1600 | S

5 W U VLIS Ly | /

= .- 10 /

2 1400 P /i

O '. 0.’.‘:--"/ ‘ ‘ S T Do Y PSR, |
-10 -05 0.0 0.5 1.0 1.5

3.85 3.86 3.87 3.88 3.8
Jynm Mass (GeV/c?)

E - E, [MeV]

* Width measurement:
> FX(3872)< 1.2 MeV (2011, Belle)
> rx(3872) = 1.39 MeV (2020, LHCb)

Analogy to deuteron:

For clarification:
=> Precision measurement with
sub-MeV resolution needed!

I_)*
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Anti-Proton ANnihilation in DArmstadt p momentum [GeV/c]

4 6 8 10 12 15

2
* Meson spectrosco P I
P Py MM o0 Db AA. Qf.

» Light mesons 22 D.D. Ecéc
» Open charm P o
» Charmonium
» Exotic states: Hybrids nﬁig,sgg ctg

glue-balls, hybrids,
molecules / multi-quarks :
* (Anti-) Baryon production Glueball 999,99
* Nucleon structure Glueball+Recoil :
°* Charm in nuclei
 Strangeness physics lightqq e
. Tr!p,w!fZ!K!K E JI"I", rIC! XcJ
» Hypernuclei, :

> S =-2 nuclear system | | | | i
1 2 3 4 5 6

mass [GeV/c?]

Hybrids+Recoil : nng,ssg ccg

999
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HFHFE  Facility for Antiproton and lon Research s
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Linearbeschleuniger  Ringbeschleuniger Ringbeschleuniger
51518 $IS100

PANDA at FAIR
(GSlI, Darmstadt, Germany)

CZECH
REPUBLIC

FRANCE

Produktion neuer
Atomkerne

AUSTRIA

LIE N .
Bern Vaduzi
y / {

[HESR High Energy Storage Ring} Z\ anti-proton
/ J production

T / -~ B existing facility
;/J
Experimentier- und B new facility

Speicherring B experiments
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g— VI HH-—— = t = K

\ RF * stochastic cooling f
barrier bucket kickers
SPARC KOALA SPARC
j PANDA Experiment, Detector
] Dipole magnet /
/
B Quadrupole magnet /
0 Sextupole or steerer magnet /
[] solenoid magnet // \ \ \
[ Injection equipment / 1' |‘ﬁ|
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Y. I
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kicker £ 1'
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\
\
\
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\ 15m

High Resolution (HR) mode: High Luminosity (HL) mode:
* Luminosity up to 2 x 103" cm2 s * Luminosity up to 2 x 1032 cm2 s
* Ap/p=2x10° * Ap/p=1x10+4
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HFHF High Energy Storage Ring -- HESR ="
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_H-H;-II-I—I-.’— * HH : —i ::D#J-F]-!l
\ ) RF f stochqstic cooling f
barrier bucket kickers
SPARC KOALA SPARC .
j PANDA Experiment, Detector

] Dipole magnet

B Quadrupole magnet /
0 Sextupole or steerer magnet /
[] solenoid magnet / \ \
] Injection equipment / | (=
O rF cavity, stochastic cooling devices / ‘| i

iecion PMQDA =z
-ye,m—mag iﬁ'ﬂm—h - —HIH l\\
?f'r%z?cl-lg) \ l‘\ 0
\ | ==
HESR mode dp/p dE,., [keV]
High Luminosity (HL) 1 - 10 1032 168
High Resolution (HR) 2 - 10 2.0 - 103 34
Phase 1 Mode (P1) 5-107° 2.0 - 103 84
High Resolution (HR) mode: High Luminosity (HL) mode:
* Luminosity up to 2 x 103" cm2 s * Luminosity up to 2 x 1032 cm2 s
* Ap/p=2x10° * Ap/p=1x10+4
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Formation:

* Access to all fermion-antifermion
quantum numbers (not in e*e’)

* Access to states of high spin J

Frank Nerling Perspectives for line shape measurements with PANDA, pg. 15 08.06.2023
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HFHF Some Advantages of Anti-Protons - %"
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Formation:

* Access to all fermion-antifermion
quantum numbers (not in e*e’)

* Access to states of high spin J

* Precise mass resolution in Resonance | — - cross-section

|
: Cross Section :\ exp. y@d

/
l
formation reactons = ------------ : M;’

i Beam
i profile
E760/835@Fermilab = 240 keV Measured
PANDA@FAIR = 50 keV Rate

ECITIS
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HF Some Advantages of Anti-Protons - “&..
Formation:

* Access to all fermion-antifermion
quantum numbers (not in e*e’)

* Access to states of high spin J

* Precise mass resolution in
formation reactions

o)
S
c
L
O
o 'S
()
0
7]
Q
|
O

0.75
0.5 F
0.25 |
E760/835@Fermilab = 240 keV s X i e .. |
PANDA@FAIR = 50 keV i
Ablikim et al., Phys. Rev. D71 (2005) 092002: Andreotti et al., Nucl. Phys. B717 (2005) 34:
BES (IHEP): 3510.3 = 0.2 MeV/c? E835 (Fermilab): 3510.641 % 0.074 MeV/c?
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Experimental review of the X(3872)

[CDF, Phys. Rev. Lett., 103 (2009) 152001]
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* Width measurement:
> FX(3872)< 1.2 MeV (2011, Belle)
> rx(3872) = 1.39 MeV (2020, LHCb)

Analogy to deuteron:

For clarification:
=> Precision measurement with
sub-MeV resolution needed!

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

Reminder: ; ede
jon NE
sub-MeV reso\u> Sonce

—
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20 E,,, scan point within £0.4 MeV window around nominal mass

Scan Procedure Principle (Example) %"

UNIVERSITAT

FRANKFURT AM MAIN

ﬂ F
c 120 FHR
Q  Ir, =130kev
sof PANDA o I
MC study

events / 20 MeV/c?
s o
o o

n
o

o

100 [T = 120 + 20 keV

[o]
o
T

events / 20 MeV/c?
r o
o o

n
o o
T

[0 ]
o
T

events / 20 MeV/c®
r o
o o

n
o
T

o

PANDA

MC study

.3 -0.2 0.1

[o]
o
T

events / 20 MeV/c?
a2 o
o o

n
o

o

o]
o

events / 20 MeV/c?
by [e)]
o o

N
o

2.9 3 3.1

3.2
m(I'T) [GeV/c?]

3.1 3.1

3.1

3.2 3.2 3.2
m(I'T) [GeV/c?] m(IT) [GeV/c?] m(I'T) [GeV/c?]

[PANDA, Eur. Phys. J. A 55 (2019) 42]

0 0.1 0.2 0.3 0.
E - E, [MeV]
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) R . ) " _
20 E.s scan point within £0.4 MeV window around nominal mass g 120 [HR PANDA
> T, =130 keV Msistlay

80 PANDA (0] I

MC study ] ] ! ] 100 (i = 120 + 20 keV

events / 20 MeV/c?
s o
o o

n
o

o

[o]
o
T

events / 20 MeV/c?
[e)]
o

40}
20}
o 0 I
%80- i
z o*
o
oy o 400 ¢
240} [
; o . PANDA -+ P1 mode
£ ik — 350 [ MC study -»-HR mode
of c 3
No r -.-
>80} D 300 + HL mode
E e B &
60 ] A :
8 ™ 250F %
240} :
320} . 200 %
o 0 A : "
S 150 |
i F ek
o [ "
240 100 o \\"'""'
2 2 Y 3
: _ R ~—
>20 », Bfmad TN LILILITP
¢ 50 Ttree
0 , . . Rkt R | EET TP -»
29 3 31 32 31 32 31 32 31 32 [
m(I'") [GeV/c?] m(I'M) [GeV/c’] m(I'T) [GeV/c’] m(I'T) [GeV/c’] T
0 20 40 60 80 100 120 140 160
[PANDA, Eur. Phys. J. A 55 (2019) 42] Cg [nb]
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[Phys. Atom. Nucl. 73 (2010) 1592]

N F7r+7r—J/1/J(E)

* How well can virtual vs bound state be distinguished?

o(E; E
N BP0~ b0 B)P
Flatte line shape depends on E;
E, = -14.0 MeV E, = -10.0 MeV o
g 2 o] Sensitivit
-2 bound!| ¢ ¥ bound y
401 E;=-14.0 MeV 401 E¢= |-10.0 MeV .
" " 10% P, , bound as virtual state
>
20’ 20! o 1.4 PANDA ~+ P1 mode
=, MGty - HR mode
10] 10 L e 1.21 = HL mode
O L
0 e 0 e e R ~— L ]
3 -2 -1 0 1 £ E20 [Me\/]s -3 -2 -1 0 1 E-|520 [MeV]3 " 1 -_ '...
- E, = -7.0 MeV - E, = -5.0 MeV o 5 8: \2
2 s0] £ s0] . g 0.8r .
J virtual | ¢ _ virtual o S S
B E;=-7.0 MeV % E;=-5.0 MeV E_ 06_ R‘? "»\_\
30 30 < I i n"\ \3 ------
0.41 \\ -, i ...
20 20+ L 1§ n..i ............... 4
~ el T
i . ¥
m.J 10 0.2} S Sl T
AR A S A AP AT TR AR SRRP ST 0-'"I"'I"'I"'I"'["'I"'I"'
i E-E, MeV] . E-E, [MeV] 0 20 40 60 80 100 120 140 160
[PANDA, Eur. Phys. J. A 55 (2019) 42] G [Nb]
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LHCb [Phys.Rev.D 102 (2020) 9, 092005]

LHCb measurement of y,(3872)
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CERN-EP-2020-086

m [https://arxiv.org/abs/2005.13419] LHCb.PAPER.2020-008

Study of the lineshape
of the x.1(3872) state

Abstract

A study of the lineshape of the x.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 LHCb detector. Candidate x.;(3872)
mesons from b-hadron decays are selected in the J/i7 "7~ decay mode. Describing
the lineshape with a Breit-Wigner function, the mass splitting between the x.1(3872)
and 1(2S) states, Am, and the width of the x.1(3872) state, I'pw, are determined
to be

Am = 185.588 £ 0.067 £ 0.068 MeV |
I'pw = 1.39 +£0.24 +£0.10 MeV,

where the first uncertainty is statistical and the second systematic. Using a Flatté-
inspired lineshape, two poles for the x.1(3872) state in the complex energy plane

quasi-virtual state is still allowed at the level of 2 standard deviations.

May 27, 2020

Frank Nerling
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Original lineshapes

LHCDb lineshapes (incl. resolution)
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Lineshapes with resolution

T T T o » i
- Breit—Wigner
— Flatté

8000
7000
6000
5000
4000
3000
2000
1000

Ll I I Ll I I I T L] I I Ll T
Incl. resolution and background

)

374 O.ﬂl...ﬂl 5I.
; 3.84 .30 3.88

1
3.9
M jpprt+n- [GGV]

7.3 Comparison between Breit—Wigner and Flatté lineshapes

. I =g A === = Figure 4 shows the comparison between the Breit-Wigner and the Flatté lineshapes.

Mode [MeV]

While in both cases the signal peaks at the same mass, the Flatté model results in a

function and

Mean [MeV] FWHM [MeV] signifcantly narrower lineshape. Howe

LA 1 i

’ 07 +0. g 25 adding the background, the observabld
37166 0.2270%0 8 8

or _after foldine with the rogolition

distributions are indistinguishable.

Frank Nerling
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., Original lineshapes Lineshapes with resolution
sl 3000
1 1 I J I IT. 1 T I T I B Ll I 1 1 T I 'l T L] I I Ll T I I |_
100E ™ Breit-Wigner E Incl. resolution and background 3
— Flatté 7000F Breit-Wigner LHCI E
C . , 50 3
6000 — Flatté =
5000 =
75 E -
5 4000 5 =
3000F =
2000 =
1000 =
0 : I L L L I L L L I L L L I L I:
3.84 3.86 3.88 3.9
- (GeV]
7.3 Comparison between Breit—Wigner and Flatté lineshapes

-_—e e e = = = = - ' Figure 4 shows the comparison between the Breit-Wigner and the Flatté lineshapes.

- While in both cases the signal peaks at the same mass, the Flatté model results in a

Mode [MeV] Mean [MeV] FWHM [MeV] signifcantly narrower lineshape. Howegerafter folding swith the resalution function and

3871.60 00 +005  3g7] G6+007+011 0.22+006+025 adding the background, the observablg¢ distributions are indistinguishable.

* Due to detector resolution both models cannot be distinguished at LHCb

» 1.39 MeV (BW) vs. 0.22 MeV (Flatté) => factor of ~5
Frank Nerling Perspectives for line shape measurements with PANDA, pg. 25 08.06.2023
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i Original lineshapes Lineshapes with resolution
1 1 I I 1 T I T I = 'g‘ 5: R )
100E T Breitl—VVigner E S.450 -~ Breit-Wigner ~ PANDA
— Flatté E 2 | —Flatté (P1)
350 3 w o 4r
- e}
300 3
250 3
200 3
150 5
100 s
50 g
“O > : : L L i | L i 1 1 i 1 i | 1
3.868 874 bes 3870 3872 3874
Ecms [MeV]
:m\cl(gm) — 3871.695 + 0.067 +{0.068 + 0.010 MVl * Due to the excellent beam resolution
= S A O(50-100 keV) at PANDA

Mode [MeV] Mean [MeV] FWHM [MeV]

» Models are well distinguishable
3871.69*000 0% 387LG6HENEN  022+0R+eR => Let's quantify
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* Addendum:

Fur. Phys. J. A (2019) 55: 42 E ][
DOT 10.1140/epja/i2019-12718-2 ;:$S$g§€§gﬁzNAL A . W(>Lp(,AN(,§(;OEr,;E
UNIVERSITAT

Regular Article Experimental Physics

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

FRANKFURT AM MAIN

Investigate separation power

— E; (Flatté) vs. T (BW)

e Key parameters from
— EPJ A 55 (2019) 42

* Total beam time
—40x2d=80d

* Generate many (toy) spectra
for Flatté & BW model

* Fit both line shapes to each

Branching
Fractions

BR(J/y — e*e")
BR(J/y — p* p7)
BR(p® — 1" 1)

BR(X — J/y p°)

Parameter Value

5.97 %

5.96 %

100%

5 % (UL: 6.6%)

Cross

O-peak(pf) — X)
o(pp — J/y T non-res)
o(pp — inelastic) @ 3.872 GeV

[20,30,50,75,100,150] nb
1.2 nb [theory]

46 mb [CERN-HERA-84-01 (1984)]

Luminosities sections

Ly, (3.872 GeV)
Lz (3.872 GeV)
Lo, (3.872 GeV)

13683 (nb-d)"
1368 (nb-d) !
1170 (nb-d)"

generated distribution

* Determine fit probabilities
Pr & Pgw and fractions of
incorrect assignments — P,

Resolutions

Frank Nerling

Perspectives for line ¢

AE,,s (energy prec. w/ calibration)

AE, (relative energy positioning)
AE . om (HL)
AE. . (HR)
AEom (P1)

168 keV (dp/p = 104)

1.7 keV (dp/p = 10°%)

168 keV (dp/p = 104)
34 keV (dp/p = 2-10°)
84 keV (dp/p = 5:10°)



P=S= Scan Procedure Principle (Example) =S

Example: Breit-Wigner, ' = 300 keV (P1 mode)
* Compute true line shape (BW or Flatté)
* Generate poisson random number Ny.iss0n fOr €ach E.r, and fill into graph
* Fit line shapes to extract fit probabilities Pgy and Pr
o . — k=B | — —
_1;100 | BW lineshape (I' = 300 keV) PANDA _1;1 00  BW flt.-PBW = 0.64 PANDA
- MC study - Flatte fit: P = 0.32 MC study
- Poisson .
80f random 80f
- numbers :
60| \\\\N 60|

40}

i * ol

PR | L +. N . 1 4 L N | P L } | .**. L | P | L N P | 4 L L | il s .+ | 4 P N |
3870 3871 3872 3873 3874 3870 3871 3872 3873 3874

Eom [GeV] Eom [GeV]

20}

[K.Gotzen, F.Nerling, for the PANDA Collab., QWG2021]

Frank Nerling Perspectives for line shape measurements with PANDA, pg. 28 08.06.2023



E"Eﬁ da

Parameter dependent performance

5 S

JOHANN WOLFGANG GOETHE
UNIVERSITAT

FRANKFURT AM MAIN

Performance across Flatté energy E: range (LHCbh: E; = -7.2 MeV),

'_o‘ 60 : :
& [p AN D A HL mode
nEsobVCowy . P1mode
' mdlstlngwshable _HR mOde |
Pry: SN SN NN N SN B S
30 j‘ ..........................................................................................................................................................
20 _. .........................................................................................................................................................
10 4 ________________________________________________________________ '_ LHbelt _______________________________________________________
0 : : I : : s N
-9 85 -8 -75,-7 -65 -6 55 -5

Flatté — BW

! E, [MeV]
E,=-7.2 MeV

[K.Gotzen, F.Nerling, for the PANDA Collab., QWG2021]

Performance as Mis-ID of Flatté as BW
* Mis-identification probability P,,s vs. E¢
* For three beam modes (HL, HR, P1)

* Phis = 50% => "indistinguishable"

Distinguish between models:
HL Mode : = 98% correct
HR Mode : = 95% correct
P1 Mode : = 90% correct

Frank Nerling

Perspectives for line shape measurements with PANDA, pg. 29
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HFHF Parameter dependent performance

JOHANN WOLFGANG GOETHE
UNIVERSITAT
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How much better are we than than "indistinguishable™?
|dea: Consider so-called odds := correct identifications per wrong one

Flatté > BW
PANDA | HLmode

L MC study | P1 mode

mdlstlngwshable | HR mode

(©))
O

P [%]

(&)
o

SN O T O N N \ S

00 .................. .................. .................. L

. | P1 mode
3 |nd|st|ngwsfjable HR mode

il

1ol

0585 8 —75'—7 65 -6 55 -5 "9 85 -8 75 -7 65 6 55 5

| E, [MeV] B [MeV]
At least ~10x better than odds = (1 = Ps) / Ppye

indistinguishable (full range)
[K.G6tzen, F.Nerling, for the PA N
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HE Summary & Conclusions

* Feasibility study for resonance energy scans at PANDA
» Lineshape and width measurements for X(3872)
» Achievable performance quantified

* Determined sensitivity for BW width measurement
» Sensitivity /A > 5 at = 50 ... 120 keV
» HR mode performs better for smaller widths

* Determined sensitivity for molecular line-shape measurement
» Possible to distinguish bound/virtual state
» PuruL > 90% for |Es - Efyn| = 700 keV
» Sub-MeV resolution on |E; - E; | already for Phase-1 (P1)
» HL mode performs better over investigated

[PANDA, Eur. Phys. J. A 55 (2019) 42]

JOHA %

UNIVERSITAT

FRANKFURT AM MAIN
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* Feasibility study for resonance energy scans at PANDA
» Lineshape and width measurements for X(3872)
» Achievable performance quantified

* Determined sensitivity for BW width measurement
» Sensitivity /A > 5 at = 50 ... 120 keV
» HR mode performs better for smaller widths

* Determined sensitivity for molecular line-shape measurement
» Possible to distinguish bound/virtual state
» PuruL > 90% for |Es - Efyn| = 700 keV
» Sub-MeV resolution on |E; - E; | already for Phase-1 (P1)
» HL mode performs better over investigated

* Comparison to recent LHCb result

» Simulation of X(3872) line shape measurement at PANDA extended
=> Different models can be well distinguished

» Correct assignment of fit model over full range between
=90% (P1) and =98% (HL) depending on beam mode

» At least ~10x higher odds to identify correct model than LHCb

[PANDA, Eur. Phys. J. A 55 (2019) 42] [K.Gotzen, F.Nerling, for the PANDA Collab., QWG2021]
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* Feasibility study for resonance energy scans at PANDA
» Lineshape and width measurements for X(3872)
» Achievable performance quantified

* Determined sensitivity for BW width measurement
» Sensitivity /A > 5 at = 50 ... 120 keV
» HR mode performs better for smaller widths

uye \n ¥
T already for Phase-1 (P1)

* Comparison to recent LHCb result

» Simulation of X(3872) line shape measurement at PANDA extended
=> Different models can be well distinguished

» Correct assignment of fit model over full range between
=90% (P1) and =98% (HL) depending on beam mode

» At least ~10x higher odds to identify correct model than LHCb

[PANDA, Eur. Phys. J. A 55 (2019) 42] [K.Gotzen, F.Nerling, for the PANDA Collab., QWG2021]
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