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— control sample: / -

® / data(BOSS708): (/ - — " O)=(. £ . )x ~

- Number of event
Sample type Ecms (GeV) Run ID BOSS Version (A haraiaaesta)
224.0+1.3M, Ref@
J /4 (2009) Sl it (79.63+0.07 pb~!, Refi@)
1088.54+4.4M, Refi?
/e (anaz) 3.097 S 7.0.8 (315.02+0.14 pb_l, Refd)
52940-54976
8774.04+39.4M, RefrH
J /v (2017 — 2019) 55861-56546 -
&
[56?88-59015 ] (2568.07+0.40 pb ™, RefrH)

® SignalMC / - ~— © ~
» 4 million with amplitude weighted according to data
» BOSS version 711 (to implement the updated GEANT4)
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Event Selection

» Good Charged Track:
lcos | =0.93; | x| <05cm; | ,|<50cm; 2= (harged =12;

» PID: use dE/dx and TOF information » Kinematic fit:
: prob( )>prob( ) & prob( )>prob(K) Missing 3-momentu of ~, do 1C kinematic fit,
: prob( )>prob( ) & prob( )>prob(K) 2
K: prob(K)>prob( ) && prob(K)>prob( )
> N _
=1 and =1 and =1 > Recoil =
_ = — —_ + — - with 4-mom
> Vertex fit: before Kinematic fit

Loop all the ™+ ~ tracks, and select the

combination with minimum 2

2024/10/16 Song Hailin (USTC)




Further selection and Background level

» Further Selection: 092 < - <0.96GeV/c?, 2 <20, 2 <10.
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2 > 2
Mp(GeV/c ) ) il ) o
rowNo decay initial-final states iDeylFSts nEtr nCEtr Q
Z 104 -
1 J/p —-» ntnpp 0 569168 569168 > E
2 Jp --+ mtappy! 3 747 569915 [ C
3 Jp sttt a  KTK™ 5 221 570136 QD 103 B
1 Jip - POxtatata o a 24 141 570277 — E
] Jfp = A1t T KT K~ 22 136 570413 o E
6 Jp -+ A" Kn e wm K 12 114 570527 . B
7 Jp - dlrtntr Kt 13 96 570623 Q 1()2
8 Jfp - art e KYK ™ 27 66 570689 a
9 Jfp -+ artrtaT e  KTK™ 10 54 570743 el
10 J/p -+ atappry” 36 53 570796 q>) 10
11 B A ) 8 15 570841 m ;
12 Jfp - ' rtrtatat T a T 15 14 570885
13 Jfp -+ 702t Kt 48 43 570928 1
14 Jfp——artnta ° 1969
- -3 L]
15 Jfp - a"Kintata kg. level o 0.35 A) 1009 0 05 1
16 Jfp - 70T _ o .
17 Jfp - 770t tra 63 34 571078

18 Jfip s xtnphy 81 32 571110 PF (GCV/C)
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Features of — interaction (inclusive)

- 10° . 10°
,&3 400 : — All events 8 : — All events
% 300 —— Number of =0 % 100 __ MC —— Number of p=0
a I
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P(p) (GeV/ce) P(p) (GeV/c)
lfggaeennnpa
_ N e More than 10M ~ sample within acceptance
I B
” 2 e About 1M ~ didn’t been observed = interacted
E < Below 200 MeV, almost 100% ~ interacted.
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Data/MC comparison (— - )

» Focus on: 0-200 MeV/c
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Multiplicity of the charged tracks, neutral tracks, pions

F - are consistent between data and MC.
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1] ol 4]
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Data/MC comparison (— - )

0-100 MeV/c

» Good consistent of the interaction vertex with respect
of Ry, and R,

> Below 100 MeV/c, all are interacted at the beam-pipe
K » Above 100 MeV/c, some are interacted at inner MDC
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Event Selection (exclusive process)

» Good Charged Track: Decay Chain:
lcos |<093; 2= harged =9 - - T T 7 or T T T, T
» Good Photon:

barrel = 25 MeV for |cos | < 0.80;
endcap = 90 MeV for 0.86 < [cos | < 0.92;

0< < 700 ns;

O Reconstruction:
Slect the photon pair with invariant mass

closestto Y
» Only use dE/dx
: prob( )>0.001 and prob( )>prob( , , ) » Vertex fit:
: prob( )>0.001 and prob( )>prob( , , ) A vertex fit is performed and 2 < 200
: prob( )>0.001 and prob( )>prob( , , )
: prob( )>0.001 and prob( )>prob( , , )
» Further Selection:
22< yy<82cm, | ,/<10cm
010 < < 0.16 GeV/c? for one ©: < 0.05 GeV/c? forno ©.
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O 300 —MC > [ —MC >
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g 200F = * 50
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» No Fermi energy or ~ momentum considered for © system now
> Clear peaks observed at E( ¥ © 7)=1.877GeVand M( ¥ ~ 7)=1.877 GeV, which come from

- T 7 7, with worse resolution for MC than data
> Besides, both data and MC are not peaked at E( * ~— ~ — = )=0, but shifted to the left, with slightly
difference
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Inconsistence in the momentum of P( © ~ 7)
» In MC, indeed, no Fermi energy or ~ momentum are considered in ~ interaction, P( = =~ 7)~—

» However, in data, both Fermi energy and ~ momentum will contribute a non-zero momentum to ~

Interaction
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Inconsistence in the amplitude in 3pi mass spectrum

» Clear signal observed in data while no such structure considered in MC

2024/10/16 Song Hailin (USTC)




_)
Data MC
- 1_ Tl
15F
B [ >
L L
p= ! p=
SRS a
g g o
B [ ) i
S SE 5
A N
. 0.1 0 0.1 L 0.1 0 0.1
A EQTT- Pn) (GeV) A EQ21T- pP) (GeV)

Inconsistence in the production rate between data and MC

» Clear — - " 7 signal but not significantly in MC
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Reconstructed events (preliminary)

® Production rates of different channels.

2024/10/16

Differences between data and MC

Process 0<P<0.2 GeV/c P>0.2 GeV/e
Data MC Data MC
Lot - 774 (10.1%) 209 (9.2%) | 751 (11.2%) 134 (7.2%)
- - 3361 (43.7%) 825 (36.2%) | 2049 (30.5%) 796 (42.6%)
o+ - 78 (1.0%) 4.(0.2%) 146 (2.2%) 15 (0.8%)
o+ - 1529 (19.9%) 270 (11.9%) | 1299(19.3%) 264 (14.1%)
+ o+ - - 833 (10.8%) 409 (18.0%) | 1035 (15.4%) 246 (13.2%)
TR

1117 (14.5%) 561 (24.6%)

1447 (21.5%)

415 (22.2%)
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Conclusion

® Overall, the simulation of antiproton interactions is considered to
be good. By analyzing the inclusive and exclusive distributions,
some differences have been found:
» Multiplicity of proton show large difference between data
and MC.
» Inconsistence in the momentum of final states between data
and MC.
» Inconsistence in the amplitude in 3pi mass spectrum.

» Inconsistence in the production rate between data and MC.
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Back Up:

o _ ® -
Annihilation frequencies of pp annihilation at rest in liquid H; into pionic final states (in units of 10”3), from [2,48,216] Final state Frequency (in %)
— 0

Final state BNL CERN Crystal Barrel z_zg éig igg4

Al neutral 3245 4142 3543 n2n0 0.68 +0.07

2.0 0.65 + 0.03 =470 1.324+0.20

3a0 7.0+0.4

470 31 4£0.2 2 ntnnd 59.7+1.2

57.[0 92404 2n—nt 1.57 +£0.21

620 (1) 0.12 4 0.01 2~ mtal 218432

720 (1 13401 27~ 7220 63+ 1.1

2

! O 0.012 4 0.001 3a2mt nnd 234407

9729 () 0.025 £ 0.003 3 2rt 5.15+£047

Non-multipion 15 £5 32T 151£1.0

+ o
ntn 32403 3.334+0.17 3.144+0.12 =l 039 4 0.07
atr a0 7849 69.0+35 67+ 10
—n,.0
ntn2n 122+ 18 Sum 95.5+ 1.5%
atn3n0 133420
—a,0

ntr4n 36£5 Final state Frequency (in 104

atasa0 (h 13+2

ot MM 345+ 12 358 +8 65 4+ 20* KoK~ 147 +2.1
KoK *tn 36.0+4.2

2nt 20~ 58+3 696 56+9 KKen™ 14742.0

2727~ a0 187 +7 196 £ 6 210432 KKjn— 21.2+£3.6

2727240 177 £27

27t 277370 642 KOK+n—n— 248+2.6

2727~ MM 213+ 11 208 +7 30 + 15* KoK~ ntn— 342435
KKor 25.6+2.8

3at3n— 1942 21.0+£2.5

+3,— 0

3“+§“4§4M igi; §iﬂlt L5 } 40 £ 3 K%Kt r—n— a0 1.6+0.9

et n KK —atan0 33.6+3.8

Sum 954 + 18 986+ 6 970 + 58 KK™o 35.0£5.2
KKsntn—n~ 28+1.2
KKintn o~ 1.94+1.2
Sum 25+0.1%
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Back Up: From ZZ1.’s Memo
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= 2001 = - E 200
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Inconsistence in the amplitude in 2pi mass spectrum

» Clear signal observed in data, also in MC?
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Back Up: Rxy and Rz from Vertexfit
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Back Up: Vertexfit for one track

» When fitting with only one charged track in the vertex fit, it seems that rxy directly
comes from the POCA point before fitting.

» The chisq value has not been set with a protection value, but the output appears to be
normal.

Xy {um_plpnm_pimes Um_pmsnom_peenum_kps-mem_kemsnum_gpsnum_em.ss1&&ppharc0. 28 &no<10)
S Wt POGT MU O LT [T N E PTTET 0T W-FAAT) RIS NU Of U s SARRnar -0 28 Any- 108 Achisg v pior-100]

htemp htem
— . a0 P
s Entries 644 E Entries 616
— Mean 2437 Mean 8.025
- Std Dev 1.736 80 = Std Dev 12.44
0 — &
? = 701=
25— 601
20 :_ 50 5
- 40—
15 —
- 30—
10— =
B 20—
Sk JJ_“JL_H L 10—
0: | | ] | | | | | hJ_I-LI | | 11 [ m 0o anl | D: | 1 P e . o | 1 e |
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Back Up: MC Truth From G4

kkkxkkkxkk currentTrack->GetTrackStatus() == fStopAndKill && current

particle = anti_proton
ParticlelID = 4
*%%k*k**k*Pre ProcessName : hIoni

**kkxkx**Post ProcessName : hFritiofCaptureAtRest
: hFritiofCaptureAtRest
initialMomentum = 106.64635478233 82.389525140197 -126.49583464384

particle = anti_proton nSeco = 18 processName

Momentum = 184.83147736094 MeV

(O ST R RSN 33.33209804948 mm, —31.340794565386 mm

————————— HAILIN SONG---—————--——-——--—

*x*xxxksectrk—>GetParentID() == pbarTrackID#x*xx%

**%**Don't cout the hIoni process****xx*
ProcessName = hFritiofCaptureAtRest

sectrk Name = e-

Particle Total Energy: ©.51122561100725 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = e-

Particle Total Energy: ©.51163512850412 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = e-

Particle Total Energy: 0.51164u45557U85 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = e-

Particle Total Energy: 0.51105756290064 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = gamma

Particle Total Energy: 7.7115813705462e-05 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = gamma

Particle Total Energy: 0.00010422648777711 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = gamma

Particle Total Energy: 0.0001457113727147 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = gamma

Particle Total Energy: ©.0042U427723231634 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = gamma

Particle Total Energy: 0.0061713051973286 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = gamma

Particle Total Energy: 0.031891650644808 MeV
ProcessName = hFritiofCaptureAtRest

sectrk Name = pi-

Particle Total Energy: 505.9142822882 MeV

2024/10/16

Hadronic Processes for anti_proton

Process: hadElastic

Model:
Model:
Cr_sctns:

hElasticlHEP: @ eV ---> 180.1 MeV
AntiAElastic: 1868 MeV ---> 188 TeV
AntiAGlauber: @ eV ---3» 25.6 PeV

Process: anti_protonInelastic

Model:
Cr_sctns:

ProcessName = hFritiofCaptureAtRest
sectrk Name = pi+

Particle Total Energy: 395.42849798255
ProcessName = hFritiofCaptureAtRest
sectrk Name = pi+

Particle Total Energy: 219.19919866795
ProcessName = hFritiofCaptureAtRest
sectrk Name = pi-

Particle Total Energy: 286.70372U39695
ProcessName = hFritiofCaptureAtRest
sectrk Name = pi@

Particle Total Energy: 4u46.20149843121
ProcessName = hFritiofCaptureAtRest
sectrk Name = neutron

Particle Total Energy: 944.63849020808
ProcessName = hFritiofCaptureAtRest
sectrk Name = Li7

Particle Total Energy: 6535.8661967691
ProcessName = hFritiofCaptureAtRest
sectrk Name = gamma

Process: hFritiofCaptureAtRest

FTFP: 8 eV ---3> 188 TeV
AntiAGlauber: & eV ---> 25_.6 PeV

MeV

MeV

MeV

MeV

MeV

Particle Total Energy: 0.48262972300109 MeV

num_pp =

num_pm = 0 num_pip = 2 num_pim = 2 num_pi@® = 1 num_ep = O num_em = 4

num_kp = @ num_km = @ num_gam = 7 num_neu = 1 num_antineu = 0 num_others = 1



Back Up: MC Truth From G4

particle = anti_proton nSeco = 10 processName : anti_protonInelastic

initialMomentum = -201.95065U483568 -100.80757319353 -173.14407134911

Momentum = 284.47337879857 MeV

31.493584740201 mm, -15.388123437615 mm
HAILIN SONG

x*xxksectrk->GetParentID() == pbarTrackID*x%xxx

*x%x%x*Don't cout the hIoni process**%*%xx

ProcessName = anti_protonInelastic

sectrk Name = eta

Particle Total Energy: 674.66U46237891U4 MeV

ProcessName = anti_protonInelastic

sectrk Name = pi-

Particle Total Energy: 167.451481212uU6 MeV

ProcessName = anti_protonInelastic

sectrk Name = pi®@

Particle Total Energy: 309.83198907U407 MeV

ProcessName = anti_protonlInelastic

sectrk Name = pi+

Particle Total Energy: 434.34401256222 MeV

ProcessName = anti_protonInelastic

sectrk Name = pi-

Particle Total Energy: 305.09854529972 MeV

ProcessName = anti_protonInelastic

sectrk Name = neutron

Particle Total Energy: 943.61355852983 MeV

ProcessName = anti_protonlInelastic

sectrk Name = gamma

Particle Total Energy: 6.801792755401 MeV

ProcessName = anti_protonlInelastic

sectrk Name = gamma

Particle Total Energy: 0.55163622953274 MeV

ProcessName = anti_protonlInelastic

sectrk Name = gamma

Particle Total Energy: 0.2610939520787 MeV

ProcessName = anti_protonInelastic

sectrk Name = Aul95[1979.490]

Particle Total Energy: 181571.0536617 MeV

num_pp = @ num_pm = 0 num_pip

Hadronic Processes for anti_proton

Process: hadElastic

Model : hElasticlHEP: & eV ---»> 108.1 MeV
Model: AntiAElastic: 168 MeV ---> 188 TeV
Cr_sctns: AntiAGlauber: @ eV ---> 25.6 PeV

Process: anti_ protonInelastic
Model: FTFP: @ eV ---> 108 TeV
Cr_sctns: AntiAGlauber: @ eV ---> 25.6 PeV

Process: hFritiofCaptureAtRest

1 num_pim = 2 pum_pi® = 1 num_ep = 0 num_em = O

num_Kp 0 num_km 0 num_ = 3 num_neu 1 num_antineu = 0 num_others = 2
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Back Up: on
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ack Up: only weight — an
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Back Up: Study of ™
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Back Up: Study of ™
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Back Up: Features of — interaction (inclusive)
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Back Up: Abnormal increasing interaction ratio
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Back Up: Abnormal increasing interaction ratio
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