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* Introduction
» Motivation, PANDA physics programme
» Advantage of anti-protons

* Energy scans of very narrow resonances
» The puzzle of the X(3872) & handle for clarification
» Comprehensive performance study

* Further unique opportunities
» Importance of high-spin states
* Summary & outlook
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Anti-Proton ANnihilation in DArmstadt p momentum [GeV/c]
0 2 4 6 8 10 12 15
* Hadron spectroscopy | /\Zl 'Qﬁ lnﬁl ll\cEcl Q:ﬁ
> Light mesons 22 DD, ZZc
» Charmonium P o
> Exotic states: q99d ccaq
glue-balls, hybrids, Hybrids nﬁfg,s§g ccg
molecules / multi-quarks o -
. (Anti-) Baryon production Hybrids+Recoil nng,ssg ccg
* Nucleon structure Glueball ggg.99
* Charm in nuclei Glueball+Recoi : a9
e Strangeness physics :
» S = -2 nuclear system :
| L | | | |
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Frank Nerling Precision charmonium(-like) spectroscopy at PANDA 17/05/2019



= \
[ |
. anda
JOHANN WOLFGANG

FRANKFURT AM MAIN

Facility for Antiproton and lon Research v

GERMANY

REPUBLIC

LIECHTENSTI
Vaduz )

m
? SWITZERLAND

Frank Nerling Precision charmonium(-like) spectroscopy at PANDA 17/05/2019



Helix dipole g]

magnet 1

.\‘\-‘,—‘-H-H—-o—m—- (

Electron cooler

High Energy Storage Ring -- HESR

JOHANN WOLFGANG GOETHE

UNIVERSITAT

FRANKFURT AM MAIN

PANDA Experiment, Detector

B Dipole magnet

® Quadrupole magnet

B Sextupole magnet

o Solenoid

2 spacer for skew quad

O spacer for snake solenoid
m injection equipment

from CR (RESR)

— —— E—
0 50m

— — —Hi—— ]

~’.I
bar in'ection. N,/HH-. -
PP J RF cavities '

High Resolution (HR) mode:

* Luminosity up to 2 x 103" cm2 s

* Ap/p=2x10°
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High Luminosity (HL) mode:
* Luminosity up to 2 x 1032 cm2 s
* Ap/p=1x104
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Formation:

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

* Access to states of high spin J

5
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Formation:

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

* Access to states of high spin J only JPC =1~ all qq JP©
. . . F o cnnamea 1 — —- cross-section |\
* Precise mass resolution in ! _Resonance , | ield
| Cross Section T— ‘:Xp' yie )

formation reactons === ------------

Measured
Rate

6 Ecms
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Formation:

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

* Access to states of high spin J

8 2
: . S + BES
* Precise mass resolution in ST E 4 (JPe=1 - E835
. . O 1.5¢
formation reactions A :
8 1.25
o
S i
0.75 |
0.5 F
0.25 | '
E760/835@Fermilab = 240 keV 0 PR
3460 530
PANDA@FAIR ~ 50 keV S et
Ablikim et al., Phys. Rev. D71 (2005) 092002: Andreotti et al., Nucl. Phys. B717 (2005) 34:
7 BES (IHEP): 3510.3 £ 0.2 MeV/c? E835 (Fermilab): 3510.641 + 0.074 MeV/c?
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[Belle, PhysRevLett.91 (2003) 262001]

T T 1 T T T T 1 * The first unexpected states

[ v 2200 F » and the most intriguing one

: 2000 _ 6K events

- 1800 f * First observed by Belle in 2003

i 0k > X(3872) - Jiynn

- 1400 4 +. 3871I.61i0.1(15i0.19 l\l/IeV > very narrow state with JPC = 1+

| 3.85 3.86 3.87 3.88 3.89

i X(3872)

i J * Both, Belle & BaBar report signal in
i E— > X(3872)—DOD* (DD and DODYy)

0.40 0.80 1.20
M( T 1*T) - M(I'T) (GeV)
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[Belle, PhysRevLett.91 (2003) 262001]

T T T T T T T T * The first unexpected states
300 |- v 2200 ] > and the most intriguing one
: 2000 _ 6K events
200 - 1800 ¢ * First observed by Belle in 2003
i 0k > X(3872) = Jiynn
[ 10T ¥ serensodsios ey > very narrow state with JPC¢= 1+
100 3.85 3.86 3.87 3.88 3.89
i X(3872)
. * Both, Belle & BaBar report signal in
0 e — > X(3872)—DOD* (D°DO7® and DUD%y)
0.40 0.80 1.20
M( ') - M(I'T) (GeV)
_ Intriguing Analogon
* Mass: m(X) - m(D*?) - m(D0?) = "binding energy" of 1.8 GeV 2 GeV
-0.12+-0.1 ?
=-0.12 +0.19 MeV/c? 012+-0.19 MeV _
* Width: Upper limit by Belle PION
(s
9
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[Belle, PhysRevLett.91 (2003) 262001]

LN L * The first unexpected states
300 v 2200 C:_DFPRLIOOMSZOM » and the most intriguing one
: 2000 _ ~6K events
200 [ 1800 f * First observed by Belle in 2003
i el NYY > X(3872) = Jiynn
- 1400 g '+l 3871I.s1¢o.1(ls¢o.19 l\l/IeV > very narrow state with JPC= 1+
100 3.85 3.86 3.87 3.88 3.89
i X(3872)
i J * Both, Belle & BaBar report signal in
0 E— > X(3872)—DOD* (DD and DODYy)
0.40 0.80 1.20

M(7 1) - M(I"T) (GeV)
_ Intriguing Analogon
* Mass: m(X) - m(D*?) - m(D0?) = "binding energy" of 1.8 GeV 2 GeV

=-0.12 £ 0.19 MeV/c? “0.12+-019 Mev'? _
* Width: Upper limit by Belle PION

5 Tyagm< 1.2MeV (90% c.l., 2011)
T @ Molecule ?

For clarification: Precision measurement of [y g7, (.’ (aq),(aq),
10 in the sub-MeV range needed!
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Molecular Picture i g
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* Lineshapes from Kalashnikova et al. [Phys. Atom. Nucl. 73 (2010) 1592]
* Here only interested in X(3872) — J/y p° ;400
bound |
(T(E) _C ]-—‘W*W—J/'d.-'(E) '
C — U ‘ (300 >
D(E) N
(assuming line-shape as in B decays) el % virtual
(E—Ef g,"K, gK +1”,E’, E <0, g
. ) =z
21K2 g1k I'(E) \100 1
o D(E):_E_E_/' 2 +<2+2), 0<E<S$, P
E—|E/|+ i("" 4 gfo 4 T ‘f’), E> 35, D
- E [MeV]
M—m,,, dm qgm)l’,
F1T+ﬂ_ E) = ) ' : .
11(E) = f, me 27 (m—m,)? +12/4 Flatte energy E; determines

state to be bound or virtual
M—mj;y dm qg(m)l’,,

I _._— o E) =
w1/ E) = fo /_;m? 27w (m —m,)* +17,/4

11
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e Line shapes for different E; sy
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Scattering length DODO*: Examples always scaled to same f__,
a E, =-14.0 MeV a E, =-10.0 MeV
2 50 2 50
4 V2126 +2E;/g +il'(0)/g & &
(220 + 2E;/2)* + I'(0)?/g> o bound ] bound
301 30
Re(a) > 0 : bound state E=-14.0 MeV Eq=]-10.0 MeVv
Re(a) < 0 : virtual state 1 2
Re(a) 104 104
E ] |
: ] /l 0 T T L B T 0 T T |¥| pr T
« 10 ! -3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
&a ] / | E-E, [MeV] E-E, [MeV]
5] - / I _ E, = -7.0 MeV _ E, = -5.0 MeV
1 £, 50 € 50
:-"""/ \i 6 &
01 bound |\ virtual -+ ] virtual - virtual
] 1 . 30 304
_ . .
5y . 1 E, = -7.0 MeV = -5.0 MeV
] investigated 20]
~10- range I /
] v : \/ 10-
_;a: I_I1£3I I_I1l2I I_I1I1I ._I1IOIII_9I IIII—8I | II_7I | II_6I III_5 0 LA L L AL L LR AL AL AL LA EL N B 0 T T T T T T
. E, [MeV] -2 0 2 4 sE_E : r\?eV] -2 0 2 GE-E : I\?eV]
. Efyn = -8.56 MeV (With f,=0.00047, f,=0.00271,9=0.137, T ;=1.0 MeV)
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Energy scan of the X(3872)
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* Nature of X(3872)

» Need line-shape and width to understand structure

» PANDA: Fine scan around nominal mass
=> energy-dependent cross-section

* Analysis goals

> Sensitivity of [ measurement (conventional BW)
> Sensitivity for virtual/bound state (molecular picture)

* Analysis strategy

» Analysis of X(3872) — J/U(£*L~) pO(Ttr1) channel only

» Geant based sim/reco => signal + background efficiencies €5 and €5
» MC scan simulation with assumption for cross-sections,
and integrated luminosities, BRs

* Three accelerator modes

» HL (High Lumi) and HR (High Resolution), P1 (Phase-1, reduced lumi/resol.)
14
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Reconstruction Part

Frank Nerling Precision charmonium(-like) spectroscopy at PANDA 17/05/2019



~\

o= N
( panda

UNIVERSITAT

Input Parameters

Parameter Value

Branching
Fractions

Cross sections

Luminosities

Resolutions

16

BR(J/y — e*e)
BR(J/y — p* )
BR(p? — 11t 1)

BR(X — J/y p°)

5.97 %

5.96 %

100%

5%  (UL: 6.6%)

o-peak(pﬁ — X)
o(pp — J/y 1T 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)]

L, (3.872GeV)
Lx (3.872 GeV)
Lo, (3.872 GeV)

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

Frank Nerling

AE_, . (energy prec. w/ calibration)
AE,, (relative energy positioning)
AE HL)
AE_ ... (HR)
AE, .. (P1)

mom (

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)
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(after 4C fit applied) FRANKELRE A AN
signal non-resonant bkg generic bkg
‘33'25" L | PANDA ‘53'25—:E;jgjg;:jij:.iiiigl_ PANDA ‘53'25 PANDA
> SRR i i > ot cee MC simulation > 3.0 :E MC simulation
q) GJ - q) mm 'EE=:
[ | |
g 1 i W 31
= i =
€ 305} T £ 305
op : i
, , N 2.95 o N T R 295¢F: EmEE ---n--n-i“!“ii-!!.ilﬁii
0.4 0.6 0.8 1 0.4 0.6 0.8 1 0.4 0.6 0.8 1
m(T* 1) [GeV/c?] m(T* 1) [GeV/c?] m(T* 1) [GeV/c?]

Generated Events

pp(— X) = J/Yp® — ete nta™

signal pp(— X) = J/pp’ — ptp~ntn
B 100k each
pp— J/Y (—ete”)nta™
non-resonant bkg i S
pp = J/Y (= p p”) T
generic bkgd pp — anything (Dual Parton Model) 10B (10M sim.)
17 [PANDA, arXiv:1812.05132, hep-ex]
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Event Selection Results
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(after final selection and 4C fit)
© : : o :
S (PANDA — Signal L |PANDA
§1 03 __MC st /7'\4 NR bkg §1 03 E—|\/|C simulation
N T/ — T Il Gen bkg. =~ T/t — ete
N < i
w F
£10°} 210 |
- i S [
3 Q
© o

-
o

3.1 3.2

-
o

— Signal
<<NR bkg.
B Gen bkg.

M, (W) [GeV/c?]
X (3872) — J/ymtn~ €5 €B.gen €B.NR
J/p — eTe” 12.2% | 1.0-107'" | 2.8%
J/p — ptp” 15.2% | 4.5-1071° | 3.0%
18 [PANDA, arXiv:1812.05132, hep-ex]
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Energy scan part

Frank Nerling Precision charmonium(-like) spectroscopy at PANDA 17/05/2019



panda

Yield Extraction
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Simulated extraction of energy-dependent vield:

* Fit signal in J/\yymass
» Removes generic background
» NR background still present

* Requires sufficiently large J/\y mass window

J/P mass Scanned cross-section

counts
\eld

di-lepton mass Ecms
20
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Scan Procedure Principle (Example)
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20 E_s scan point within £0.4 MeV window around nominal mass o 120
[ THR
()
go} PANDA G>.) I, =130 keV
MC study

events / 20 MeV/c?
r o
o o

n
o O

o]
o

events / 20 MeV/c?
» o
o o

n
o O

80
MOLOWMMMM
60
a0

20

®
o

events / 20 MeV/c?
s o
o o

n
o O

P |

100 [T, = 120 + 20 keV

P

Ll

L

PANDA

MC study

1 1 |

o]
o

IS
<)

events / 20 MeV/c?
D
o

n
o O

o]
o

events / 20 MeV/c?
P
o o

29 3 3.1

21

3 3.1 3 3.1

3 3.1

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

[PANDA, arXiv:1812.05132, hep-ex]

o L L T L PR L L L L
-04-063-02-01 0 0102 03 04
E - E, [MeV]
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Scan Procedure Principle (Example) -.-“f--
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20 E_, ¢ scan point within £0.4 MeV window around nominal mass o
120 'HR PANDA
sof PANDA J - % Ip =130keV e
MC study ] 100 _rfit = 120 + 20 keV

events / 20 MeV/c?
r o
o o

n
o O

o]
o

events / 20 MeV/c?
» o
o o

n
o O

®
o

P R L 1 1 |

-02-01 0 01 02 03 04

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

a0}
. E - E, [MeV
20} epeat many times ~..™ (MeV]
0 et R e SN .. .8, SIS B2
% & 40 LHR PANDA
g%t T, =130 keV NIC stucly
§j§ { 35( Mean = 2.0 keV
%20 _ 30 RMS =25.5 keV
o OF 25
>80
§ 60 20
%40 15 L
$20
o . _ _ : ‘ . 10
29 3 31 32 3 31 32 3 31 3.2 3 31 3.2
m(IT) [GeV/c?] m(I'T) [GeV/c?] m(I'T) [GeV/c?] m(I'T) [GeV/c?] 5F
. 0.‘|.1|..‘|. Lo by o L IR oy | I
22 [PANDA, arXiv:1812.05132, hep-ex] 200150100 -50 0 50 100 150 200

Frank Nerling Precision charmonium(-like) spectroscopy a I [keV]



( panda

Al—‘meas/ l_‘meas [0/ °]

23

—

—

Sensitivities Breit-Wigner I' (40 x 2d)

* Extract standard deviation from toy MC fits

* Show relative error rms /I in [%]

RMS

Moan 1 Ty (Breit-Wigner case)

e, Al—‘meas
Sensitivity . =
20 1lé
' -
| : ‘ ﬁcéuDA P1 mode
00 ! ; Y -»-HR mode
) i = HL mode
80 | II k
[ | & og = 50 nb
60 | ¥
BB\
B
40} \3
- \’\ { "'».,_ = 20% @
20 w m_ ®e
[ ‘h.:\"ﬁ-h-—..;—h.—.____._L___'*
ol T T
0 100 200 300 400 500
I, [keV]

=50 ... 120 keV
HR HL

UNIVERSITAT
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[PANDA, arXiv:1812.05132, hep-ex]
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Sensitivities Breit-Wigner I (40 x 2d) =%

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

Al—‘meas/ l_‘meas [0/ °]

M - Al—‘meas . RMS . .
SenSItIVIty [~ Mean+ Ty (Breit-Wigner case)
120 T
:‘ PANDA ~+P1 mode
100 _|| t MC study -»-HR mode
) i = HL mode
80 | II k
[ | & og = 50 nb
60 ¥
Bh\
!
L e
40 \‘\ \i \
2 (o)
20 .\ﬁ\;""’~-~
el Ty U
ol T T
0 100 200 300 400 500
24 I, [keV]

[PANDA, arXiv:1812.05132, hep-ex]
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Sensitivities Breit-Wigner I (40 x 2d) =%
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* Extract standard deviation from toy MC fits
* Show relative error rms /I in [%]

Al—‘meas/ l_‘meas [0/ °]

e Al—‘meas . RMS . .
SenSItIVIty [~ Moan T, (Breit-Wigner case)
120 [y — 400 |
o PANDA ~+P1mode | 3 - PANDA. ~+P1 mode
100 || tE MC study -»-HR mode f 350 [ MC study -»-HR mode
-k c
| '{l *‘ - HL mode % 300 [ ’ -= HL mode
80 &
| s 8 250f 30
N og = 50 nb e :
60 1 (C200F %
: - *
i ", . 150 F A
w0l | Vs SN
» ;\aa 30 100 F " \'\\’ﬁ....\_‘_
ol e PR A
L ‘“.: ------ '."'"""------.....__,,__.__.___ ksoéﬁ ‘.\~"~ e _:"_:-;.:::‘
; oo o -,_—_—;j i L R »
0 TN Y S TN T TN TN N S T T T N [N N S T T N TN N S S 0-lllll|1||1||1||l||1|11|l||1||1|
0 100 200 300 400 500 0 20 40 60 80 100 120 140 160
- I, [keV] Gg [Nb]
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Distinction of Lineshapes (40 x 2d)
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* Extract standard deviation from toy MC fits
* How well can virtual vs bound state be distinguished? — integrate mismatch region:

Sensitivity Pris = Nmis—ia/Nmc  (Molecule case)
< 60 i :
>  PANDA , —~+ P1 mode 10% P, , bound as virtual state
o [ MCstud | <
€ 50f study -»- HR mode = 14k PANDA ~+ P1 mode
o : ; -= HL mode = MC study -»- HR mode
40F :"I: g 1'2_' = HL mode
[ Sl - e
- .iff:‘ 65 =50 nb I 1T \’
30} il & I s.
I A ‘{ g 0.8_' .,
[ X : “ Q S !
20f 3 o 086F e T
[ ’? : : 0 < [ \\ "% .
; Y £ P.i(10%) 0.4[ e e
1 O i :_.‘. i// | \\l:'," E “n \- -..5 ................ -
f & | i\"-.,\ Uo'zf it SutSER T
0500 9.5 9.0 -85 8.0 -75 —70 ) P Y W S B
0 20 40 60 80 100 120 140 160
» E, [MeV] o [nb]

Frank Nerling Precision charmonium(-like) spectroscopy at PANDA 17/05/2019



-~ -\

! —_— \

{ danoa
\ !

N\ 7

Distinction of Lineshapes (40 x 2d)

* Extract standard deviation from toy MC fits
* How well can virtual vs bound state be distinguished? — integrate mismatch region:
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FRANKFURT AM MAIN

Sensitivity Priis = Nmis—id/Nmc  (Molecule case)
9 o0 PANDA | —~+ P1 mode 10% P bound as virtual state
) . I o is ?
g | MCstudy | -»- HR mode > | —
& S0 © 14F PANDA ode
o : = HL mode = : MC study mode
40F X -= HL mode
30f
20r
10} . : W Y
r ‘.»". -_ ‘.‘."“"--;:._: _______
I o . < —ltmess
07300 95 9.0 -85 80 75 70 O v ivnntin il
MeV 0 20 40 60 80 100 120 140 160
27 Ef,O[ eV] o4 [Nb]
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Distinction of Lineshapes (40 x 2d)
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* Extract standard deviation from toy MC fits
* How well can virtual vs bound state be distinguished? — integrate mismatch region:

Sensitivity Pris = Nmis—ia/Nmc  (Molecule case)
"? 60_ | i
>  PANDA , —~+ P1 mode 10% P, , bound as virtual state
2 50._Mc study -+ HR mode %' 141 PANDA ~+ P1 mode
o = HL mode 2 i MC study ode
9

a L
1 L
;

N } i

K J
o ¢ -
£ [ |

.
l.. [/ -
3 L
« .

et 4 L L

“10.0 95 -9.0 -85 —8.0 -75 -70 oL

0 20 40 60 80 100 120
N E;, [MeV] o [nb]

P R
140 160
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[Drenska, Riv. Nuovo Cim. 033 (2010) 633]

* Need to measure complete multiplets 4.3 5 papmer ' [Cq]-[cq]
- to really understand XYZ nature 4.2¢ i = = ]
—_ [ cscu cscd 1+
% 4.1F cdcs Cucs ]
) ) _ r [ = =i
* e.g. di-quarkonium [cql[cg] models S 4| — X(3872)? —um .
provide predictions 2 . [4(3900)7? Z(3900)°? Z(3900)*?
s 39 == — 3 == |
2 Q[ cdcu cuet cucd |
> Look for stranged partners 3.8 | cdtd —_——
> Look for light high spin states e ——
-1 -05 0 0.5 1
[Cleven et al., arXiv:1505.01771] I3
ol @ f ® Y(3630) e.g. light J=3 statel]
Z.(4020) B o I
= 40 — --o--  —— 1 T a4l Sarom — I i
S Z.(3900 C (4290) -
;’ 38t - < 42 Y (4260) 1
_ input g Y(4008) ]
361 prediction ] 401 Bl ’
0+ 1+ 1+ 2+ 0 1 2— 3= o 1t 2t
°C PC
29 7 J
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[Drenska, Riv. Nuovo Cim. 033 (2010) 633]

* Need to measure complete multiplets 4.3 5 papmer ' [Cq]-[cq]
- to really understand XYZ nature 4.2¢ e = = ]
—_ [ cscu cscd 1+
% 4.1F cdcs cucs ]
) ) _ r [ =
* e.g. di-quarkonium [cq][Cq] models t% A /érx@m)? y
provide predictions 30 1Z(3900)? Z(3900)°2 Z(3900)*? |
3.9 e =t —t—
2 Q[ cdcu cuet cucd |
> Look for stranged partners 3.8 | cdtd —_——
> Look for light high spin states e S e
-1 =05 0 0.5 1
[Cleven et al., arXiv:1505.01771] I3
ol @ I f ® Y(3630) e.g. light J=3 statel]
Z,(4020) 0 o
> 40f — --e-- —— 1 a4l S — i
S Z.(3900 3 (4290)
; X(33]5) XL3§7—2) -E-.---) X(3.340) ] ';' 5 . ]
.; 38t - < 42 Y (4260) 1
| input I [ Y(4008) ]
361 prediction ] 401 Bl ’
0+ 1+ 1+ 2+ ] Lo~ 12— 3 ot 1t ot
Jl’('. JI’C
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Models and Multiplets for XYZ

[Drenska, Riv. Nuovo Cim. 033 (2010) 633]
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* Need to measure complete multiplets 437 cscs [eqlleql
- to really understand XYZ nature 4.21 s = 1 ]

—_ [ cscu cscd 1+
> 4.1°F cdcs Cucs ]

. . __ S —a-—
* e.g. di-quarkonium [cq][C€g] models o 4] ——X(3872)7 —

3.9 —a— — =
2 Q[ cdcu e cucd |

> Look for stranged partners 3.8 | cdtd —_——

» Look for light high spin states

I g =P 1 -05 0 05 1
I3

[Cleven et al., arXiv:1505.01771]

ol @ () Y(E30) e.g. light J=3 statel]
Z.(4020) L T ]
= 40r T - — 4 = 44y o) — ]
O Z.(3900) ® & - ) ]
Py X(3915) S L) - X(3940) P - - — 1
2 38} 1 242 Y(4260) ]

_ input A Y(4008) T — .
361 prediction ] 0 - .
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31 J J
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: Models and Multiplets for XYZ = ...- e
PO A AT
[Drenska, Riv. Nuovo Cim. 033 (2010) 633]
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: — A5 / = R S cu’é‘g "
% / 3.8; cdcu cdcd cucd ]
D LNV L e |
?/\ﬂ\, [ . —  high spint sta
? = \oring M9 states.
ique in exB of XY t J=3 statel’
A will be UEL ) ultiplel® Ght J=3 state!,
ANDhu omP\e‘““g u I T
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Py x@s e e XG940 P & — |
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_ input Y(4008) T .
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0+ 1+ 1+ 2+ 0~ 1T 2— 37 ot 17t 2
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Summary & Conclusions
PO A AT
* 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 /Al >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 |E - E;| = 700 keV
> Sub-MeV resolution on |E; - E; ;| already for Phase-1 (P1)
» HL mode performs better over investigated

33
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* Feasibility study for resonance energy scans at PANDA
» Lineshape and width measurements for X(3872)

» Achievable performance quantified

> Sub-MeV resolution on |E; - E; ;| already for Phase-1 (P1)
» HL mode performs better over investigated
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* Feasibility study for resonance energy scans at PANDA
» Lineshape and width measurements for X(3872)

» Achievable performance quantified

> Sub-MeV resolution on |E; - E; ;| already for Phase-1 (P1)
» HL mode performs better over investigated

* Precision spectroscopy to understand exotic XYZ states
» Precise knowledge of decay width and line shape essential
» Complete the exotic multiplets

- PANDA unique:
High statistics + precision resonance scans + high spin states
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FAIR construction site at night -- Feb 2019

(N

Thank you for
your attention !

PANDA will be The facull‘ry
to study QCD -- hadron
structure and spectroscopy



Thank you for your attention!
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The PANDA collaboration:
~ 500 Members, 72 Institutes, 20 Countries

Austria, Australia, Belarus, China, France, Germany, India, Italy, Poland,

Romania, Russia, Spain, Sweden, Switzerland, Thailand, Netherlands,

USA, UK, ... (to be updated/completed)
38
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Signal/Background PDF for ML fits = %

UNIVERSITAT
* Softened selection for utu~ (only to define reasonable PDF's)
» Muon PID(u*) > 0.8
> mg (W) + mg (nt”) > 3.65 GeV/c?
* Signal: Double-Gauss, Background: Parabola
Signal PDF Background PDF
© 1400t % asl
S 1400: PANDA =
= 1200} * = 30F
o : N
% 1000} * ® 25}
@ [ . 8L
£ 800 gzo_—| || J
8 cool ' 3 .l ..||.JI bl NInE
- 5 | [le ik |“|| || ||| |
400} 10% # ' +
200} 5¢
03653 305 31 3.15 32 325 0295 3 305 3.1 315 3.2 325
Mgy cangll 7 17) [GeV/C?] My canall ™ 17) [GEV/CY]
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Distinction of Lineshapes (40 x 2d)
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* Extract standard deviation from toy MC fits
* How well can virtual vs bound state be distinguished? — integrate mismatch region:

Sensitivity Pris = Nmis—ia/Nmc  (Molecule case)
= 6.0
S 65 : : E,, = -9.0 MeV
=, : virtual : ro = ~0-0 M€
w —7.0F } i Nmis=71
© r . -
aé 75 mismatch } E
- —8.0F }} ;
g o5y pptmes |
> o0t { | 5
o5 § |
_1005_ } : mismatch :

N | HR j mismatch
-10.5; boundl < =50 nb ot e
—11.0b— Lo ... - -1 10 9 8 -7 6 5

“10.0-95 9.0 -85 8.0 7.5 7.0 E, , MeV]
41 InpUt - Ef,O [MeV] [PANDA, arXiv:1812.05132, hep-ex]
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Distinction of Lineshapes (40 x 2d)
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* Extract standard deviation from toy MC fits
* How well can virtual vs bound state be distinguished? — integrate mismatch region:

Sensitivity Pris = Nmis—ia/Nmc  (Molecule case)
— —6.0¢
3 6.5 | = % | ~+ P1 mode
—0.9[ | - (o) 3
= : . virtual } | & [PANDA |
o —7.0f | » £ 50k d -»- HR mode
g - mismatch a : = HL mode
E -7.5F | } I I
wi i | 40t NI
i —8.0p | } } : ffﬁ:‘
S : e 2 : ) 6. =50nb
o - RERRERRR 30} i ’
S C | [ 4 ” | ‘ﬁ
o 90 | [ f4
9.5 e | 20f I
_10.0F } : mismatch i
| HR |
—10.5¢ bound | =50 nb . |
—_ F cd . i gt
107560795200 85 8.0 7.5 7.0 0700 95 9.0 -85 8.0 75 7.0
input = g [MeV] E; , [MeV]
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Distinction of Lineshapes (40 x 2d)
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* Extract standard deviation from toy MC fits
* How well can virtual vs bound state be distinguished? — integrate mismatch region:

Sensitivity Pris = Nmis—ia/Nmc  (Molecule case)
— —6.0¢
s 6 5 | < %9 | ~+ P1 mode
—0.9[ | - (o) 3
= E . virtual | & [PANDA |
o —7.0f | } £ 50k d -»- HR mode
3 - mismatch | o f . = HL mode
E -7.5F | } I I
wi i | 40t NI
i 8.0 | }} : ffﬁ:‘
S : e 2 : ) 6. =50nb
O S b 30t ko
o -9.0f B { 1 : IR
950§~ |
I P mismatch
-10.0f } : I
| HR
—10.5; bound | < =50 nb .
—_ F cd . i gt
107560795200 85 8.0 7.5 7.0 0700 95 9.0 -85 8.0 75 7.0
input = g [MeV] E; , [MeV]
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Distinction of Lineshapes (40 x 2d) ..—H.

* Extract standard deviation from toy MC fits
* How well can virtual vs bound state be distinguished? — integrate mismatch region:
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Sensitivity Pris = Nmis—ia/Nmc  (Molecule case)
10% P, , bound as virtual state 10% P, , virtual as bound state
— — 1.2
> > I
» 1.4 PANDA -+ P1 mode o . PANDA -+ P1 mode
=, | MC study -+ HR mode = gL Mes -+ HR mode
:\5 1.2¢ - HL mode :\‘; I -= HL mode
= Y e -
I L i 0.8r :
5 S 7
¢ 0.8} £ ool o
Q-/E o \""'g C\L,E ! .‘".."\.
u- 06 Re e wi - . e
< : \\ - \"""'m. < 04p = :..:: s .
0.4 ~ e “E -l e
[ \.“-.. ............... = 0.2+ ok L—'—'_"-—-'-‘;
0.2} TR F e :
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