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very of a Glueball-like particle X(2370) at BESIII
Yanping Huang (IHEP Beijing)

BES IIl observed X(2370):
ete” — J/1p — X(2370)y

PANDA: 020020000, 5
pp — X (2370) W— £,(980)
at beam momentum 1.85 GeV/c

X(2370)
Feasibility study for the detection of the
glueball candidate X(2370) with a minimal
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PANDA located in HESR at FAIR
HESR antiproton momentum from
1.5 GeV/cto 15 GeV/c

. 9.5 GeV center-of-mass energy
Accumulation of up to 10"
antiprotons

First Science+ beam
commissioning planned for 2028
PANDA as a further step
afterwards
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Cooler Synchrotron COSY
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e COoler SYnchrotron
shutdown in 2023

e Beam momentum of up
to 3.3 GeV/c
. sufficient for X(2370)

e Transition to FAIR

e Interim solution until full
operation of PANDA

— Smaller detector sufficient
— Goal: Requirements of this
setup at COSY for X(2370)
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Developed by Klaus Gotzen from GSI

e Experiment-independent framework
e Interaction with matter not simulated, simplified as smearing
. Acceleration of simulation speed
e Detector
o Geometry simple to set up
o Optional details to increase accuracy
o No dependence on external generators, optional integration possible
o Split-off simulation as option
. Additional Photons

Procedure Limitations
e Simulation o Output contains decay chains as recombinations
e Reconstruction . No direct access to particle lists
e Analysis e Only events with complete decay-chains are
. Output reconstructed
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Kaon channel: X(2370)
X(2370) — f0(980) 7’
f0(980) — K*TK ™ n — rttr n(—= 1) /\
Small phase space due to f, phase space limitations (36 MeV/c) . 050)
Pion channel: K+/mt K-[n= o+
X(2370) —> f(980) 1/ ‘
f0(980) — 7w~ n — 1T (= vy "

Large phase space due to f; phase space (476 MeV/c)
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Number of events

Generated minimal and maximal photon 0 angle:
Approximately identical for both channels
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Kaon channel
20.000 events simulated with 100% efficiency without split-offs

Photons
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Number of events
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Kaon channel
20.000 events simulated with 100% efficiency without split-offs

Tracks

RUHR
UNIVERSITAT
BOCHUM

Pion channel

Tracks

Number of events
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Generated minimal and maximal angles of charged tracks
— Low angle Pions.
Pion channel: larger angles of f (980) daughters

1000 Pi+
Reco
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Kaon channel Pion channel
20.000 events simulated with 100% efficiency without split-offs

TRK 0 [7] | EMC 6 [] | REC [Events] | REC % TRK 6 [] | EMC 6 [] | REC [Events] | REC %
5,95 |5 95] 10899 54.50 £0.35 5,95 |5, 95] 6547 32.74 £0.33
[5,125] | 13813 69.07 £0.33 [5,125] | 8893 44.47 +0.35
5,155] | 15100 75.50 £0.30 5,155 | 10110 50.55 +0.35
(5, 125] | [5, 95] 11931 59.66 +£0.35 (5, 125] | [5, 95] 10129 50.65 £0.35
[5,125] | 15602 78.01 £0.29 [5,125] | 13597 67.99 +0.33
5,155] | 17149 85.75 +0.25 5,155 | 15160 75.80 £0.30
(5, 155] | [5, 95] 12250 61.25 +0.35 [, 155] | [5, 95] 11718 58.59 +0.35
[5,125] | 16032 80.16 +0.28 [5,125] | 15598 77.99 £0.29
5, 155] | 17614 88.07 £0.23 [5,155] | 17293 86.47 £0.24

Reconstruction is in agreement with geometry based on truth information
that covers 90% of the tracks and 90% of the photons for the Kaon channel

Geometry chosen: TRK [4, 125]° EMCI5, 155]°
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Simplified detector parameters based on PANDA.
The simulation uses only one tracking detector and one EMC.
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Tracking detector

EMC detector

PID detector

Parameter  Value Unit Parameter Value Unit | Parameter Value  Unit
Efficiency 96 % Efficiency 93 % Efficiency 100 %
0 [4 125] © 0 [5, 155] °© 0 [0,180] °
do 2 mrad | df 2 mrad | mres 1 %
do 2 mrad | d¢ 2 mrad | — = =
dp 1.5 % dE 2 % — - —
PT.min 20 MeV/c | Enin 0.02 GeV | — — -
dvtx [x,y,z] 0.1,0.1,0.1 cm — - - - — -
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Simulation of 100.000 signal events using PANDA properties.
Number of tracks =4 p.2 20 MeV/c

Number of photons = 2

m(n') € [938,978] MeV /c?

0.940 0.945 0.950 0.955 0.960 0.965 0.970 0.975
n' mass [GeV/c?]

For Kaon channel: PID requirement: P(K) > P(1T)
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EY = 50 MeV
Window for composite particles:

m(fo(980)) € [800,1300] MeV /¢?

m(n) € [500,600] MeV /c?
n

Counts

Kaon channel:
Entries: 44708
Mean: 0.55GeV/c?

Std.: 0.01GeV/c?

Pion channel:
Entries: 44787
Mean: 0.55GeV/c?
Std.: 0.01GeV/c2

I Kaon channel
I Pion channel
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N=52945 N=50927
u=3.733 p=3.748
1500 0=2.420 1500 1 - |o=2.432
Kaon 55 Pion
1250 channel channel
) £ 1000 -
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5 2 750 -
500 - 500 -
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0 0
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. x x

e Best candidate selection on y? value

e Cut with y*< 13

e Reconstruction efficiency ~ 52.9% (K), ~ 50.9% (1)
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1600 | = Kfmn channel Kaon channel:
I Pion channel Entries: 52945
Mean: 2.38GeV/c?
1400 - Std.: 0.01GeV/c?
Pion channel:
1200 - Entries: 50927
Mean: 2.38GeV/c?
|Std.: 0.02GeV/c?
1000 -
2
=
2 800
&)

600 -

400 -

200 -

2.32 2.34 2.36 2.38 2.40 2.42 2.44
X(2370) mass [GeV/c?]

— Resolution of the Pion channel is a bit worse due to large momenta
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e Simulation of 10° background events with DPM

e Split offs enabled

e Parallel reconstruction of both decay chains:

X (2370) —> £o(980) 7’

fo(980) — KTK~ n' — 7ty (= )

X (2370) —> £o(980) 7’

fo(980) — wta~ n — 7wt (= 1Y)
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10° events generated with split-offs
All candidates without any cuts applied

Kaon channel Pion channel
1600 Entries: 34741 Entries: 974996
Mean: 2.494 GeV/c? 40000 - Mean: 2.147 GeV/c?
1400 Std.: 0.259 GeV/c? Std.: 0.218 GeV/c?
1200
30000
£ 1000
g 800
5] 20000
O 600!
400 10000 -
200
0! ; . 0 . . |
2.0 2.5 3.0 3.5 4.0 2.0 2.5 3.0 3.5 4.0
X(2370) mass [GeV/c?] X(2370) mass [GeV/c?]
Asymmetric distribution Shifted distribution
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10° events generated with split-offs

Pion channel background Kaon channel background
Final State Candidates [%)] | Candidates | Events Final State Candidates [%] | Candidates | Events
PSR S ol A 44.5 434336 371234 PSR X o 31.1 10816 9510
atatr ral7%70 | 14.8 144239 122612 atnte na® 20.9 7265 6587
atatr 13.6 132729 117381 Ktpt*K-nx%% | 65 2245 2018
rtrta—a— 70y 5.6 54465 46213 K+tntK—n 70 6.0 2075 1861
atata— a0y 3.6 35306 30872 atn~ aOn070 4.6 1615 1349
at - m0n0n0 3.3 32349 26609 rtata—n—a0n070 | 44 1515 1331
rtata—n—a%70% | 2.6 25309 21486 rtata— a0y 31 1092 995
ata— 7070 P | 20227 17277 rtata—a— a0y 3.0 1036 904
rtata—n a0 | 1.6 15881 13515 ata—n0x0 2.9 994 881
Others 6.3 61338 52239 atr—70n0 2.4 827 691
T T Yy 1.9 18817 16915 Others 14.5 5037 2617
K T K—n vy 0.6 224 213
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Kinematic 4C and 5C (additional n mass constraint) fit of x> < 13

Pion channel

Description Amount [Ev] | Amount [%]

R 8 05

atrta—n =070 | 18 1.1

rtaetn—n—nly | 74 4.6

Tttty 1501 93.8

Kaon channel \ signal-like
K+tntK-n~vy | 15 100 —

Pion channel background reduced by ~ 99%, signal loss of ~ 0.15%

Kaon channel background reduced by ~99%, no signal loss
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Pion channel

Description Amount [Ev] | Amount [%]

rEr=nln’ 5) 045 — P(11) > P(e)
atatn— a0 | 15 1.36

rtatn—a— 70 03 4.82

Y L R Y 1027 93.36

Kaon channel

KtatK—n~ vy | 6 100

Kaon channel reconstruction efficiency is (56.212 £ 0.157)%

Pion channel reconstruction efficiency is (49.416 £ 0.158)%

M. Terwissen | Master Thesis | Ruhr Hadron Seminar 30/06/2026



RUHR
UNIVERSITAT
BOCHUM

RUB

Kaon channel:
KTK-nta—~y (signal—like)
Pion channel:

mirtaTaTyy  (signal-like)
atata—r=m0(— > yy)y
mtatrr a0 (= > 4y)n0 (= > 47)

Both channels containing T° should be vetoed
— Simultaneous reconstruction of signal and and background channels

Event is cut, if background reconstruction is fulfilled:

e Veto efficiency for the m*m*mmm®m® channel: (31.91 + 0.15)%

e Veto efficiency for the m*m*mmmly channel:  (40.13 +0.16)%

e Signal efficiency loss of approximately 9.2-10° %, which is negligible
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Description Efficiency for
Pion channel | Amount [Ev] Generated [Ev] | signal hypothesis [%]
atata— o n a® | 10.214 4 0.022 81664195 (1.2507 4 0.0028) - 10~°
atate—n—a% | 31.734+0.08 7767950 (4.085 4+ 0.011) - 10~4
Tt~ myy 1027 £1.3- 102 | 5971595 1.7198 - 102+ 2.10~ 1
Kaon channel
KtntK—n=vyy | 6+1.1-107° 49800 1.2048-107%2+2-10~"

Amount: Remaining background events after cuts
Generated: Total number of events in the 10° events sample
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Taken from DPM from HepFastSim
Based on simulation data using DPM FullSim

Final state o [pb] Efficiency [%]
atata o n%7% | 5085.6862 | 1.250710—°
atnta—n n% | 326.5101 | 4.085 10~
rtatn—m yy 458.3179 | 1.7198 102
K¥nTK—n—~vy | 2.5226 1.204810~2

Kaon channel reconstruction efficiency is (56.212 £ 0.157)%

Pion channel reconstruction efficiency is (49.416 £ 0.158)%
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Including and excluding signal-like channels

Kaon channel: Single signal-like background event used as minimal
background estimate

‘ 1GeV 10GeV 100 GeV
L L >
1054 § Kaon Channel > 100 mbt S Pp
X Kaon Channel, Min. BG §&.
104 - § Pion Channel 20¢ = 10mbt inelakti Kaon channel:
X Pion Channel, Pi0 BG > e i
- _— s » 1mb - S 3 4
E 10° - " - - E 10 == 10
c ¢ o !
3 1074 * = e, Rl
* -
Tolg = B 5 ow Sl
a 107 - @ - Pion channel:
= > * - 5 i
1] (I -]
5 10 - Ne L § 100 o 102
] * 100 nb ®xa0 0|2 B
1071 - o o X(sr2)
10nb .».:'
1072 - Xed
" e o 1 + o 7n
10° 10* 102 103 104 o prediction
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Cross Section Signal [nb]
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Multiple tracking detector options:
1.  MVD (Microvertex detector) 2. Straw Tubes (STT)

3.Time Projection Chamber (TPC)

Important: HepFastSim does not model physical differences in detector response or detector-specific interaction
effects.

Time

S2

Drift time
indicates depth

L S1

— ionization electrons
VN UV scintillation photons (~175 nm)

Image by CH Faham (Brown)

0o—ti—i—i re— »
20 70 145 z/mm
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One tracking detector
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MVD-hvmaps STT TPC
Parameter  Value Unit Parameter  Value Unit Parameter  Value Unit
Efficiency 99 % Efficiency 99 % Efficiency 100 %
0 [4, 125] ° 7] [4, 125] ° 0 [4, 125] °
dé 2 l0) mrad | df 2 mrad | df 1.9 mrad
do 9.9 mrad do 2 mrad d¢ 0.7 mrad
dp 0.9 % dp 1.5 % dp 1 %
PT,min 20 MeV/c | pr,min 20 MeV/c | pr,min 0.01 MeV/e
dvtx [x,y,z] 0.1,0.1,0.1 cm dvtx [x,y,z] 0.1,0.1,0.1 cm dvtx [x,y,z] 0.015,0.015,0.1 cm

Micro-Vertex-Detector (MVD): simulation study
Straw Tube Tracker (STT): design report
Time-Projection-Chamber (TPC): prototype (2006-2011)
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One EMC
PANDA EMC BaBar EMC

Parameter Value Unit Parameter Value Unit
Efficiency 93 % Efficiency 93 %

0 [5, 155] ° 0 [6, 1556] °

dé 9 mrad | df T mrad
d¢ 2 mrad | d¢ i mrad
dE 2 % dE 3 %

§ - 0.02 GeV Eiiin 0.02 GeV

PANDA EMC: technical design report, PbWO,
BaBar EMC: design and performance report, Csl
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100.000 signal events generated

PANDA EMC BaBar EMC
Setup Pion channel Kaon channel Pion channel Kaon channel
MVD 55736 62694 50383 56947
STT 55662 62815 50266 56761
TPC 58207 66900 52820 60246

eMVD and STT similar
¢ TPC better ~ 4-6% due to higher efficiency
eLower EMC resolution decreases the reconstruction by ~ 10%
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Pion channel
100 million background events generated

MVD STT TPC
Channel PANDA EMC BaBar EMC | PANDA EMC BaBar EMC | PANDA EMC BaBar EMC
atate Ty 100 155 105 177 117 149
atatn~n" 70y 1 8 2 10 3 9
atate 770 il a3 1 4 0 6
Others 0 0 1 1 il 1

— Mainly signal-like events, T° channels strong suppressed
Tracking detector: Only statistical fluctuations
EMC: resolution significant increase

Kaon channel
Only signal-like background — not considered
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Pion channel
MVD with PANDA EMC

[ Background
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Signal:
Entries: 55736
Mean: 2.376
Std.: 0.013

Background:
Entries: 102
Mean: 2.375
Std.: 0,012
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MVD with BaBar EMC

3000 | ™= Signal 3 Signal:
[ Background Entries: 50383

Mean: 2.376
Std.: 0.015

Background:
Entries: 166
Mean: 2.373
Std.: 0.017

2.33 2.35 2.38 2.40 2.43
m [GeV/c?]

Background events normalized to number of signal events
Difference between signal and background distributions very similar
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Detection of both channels feasible with tracking range [4,125]° and EMC range
[5, 155]°
Reconstruction efficiency > 50% depending on setup

Kaon channel much cleaner (significantly smaller phasespace)
Pion channel background dominated by signal-like final states
— Further methods e.g. amplitude analysis required

Signal to Background ratio above 1 for cross section estimates

High sensitivity to efficiency of components and low minimum p.

Low sensitivity to tracking resolution

High sensitivity to EMC resolution for the efficiency of signal reconstruction and
background suppression
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Thank you for your attention!
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