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* p-Pb collisions at Vs = 5.023 TeV
Event selection + pp collisions at /5 = 5.02 TeV

* Data:
Data sets Trigger events | Selected events
+ LHC16(q,t)_CENT_woSDD 1.65-108 1.40-10°
2.7 = uus ) LHC16(q,t) FAST 1.53-10° 1.30- 10° p-Pb
m = 1189.37 £ 0.07 MeV/c LHC17(p,q) CENT_woSDD |  1.77-10° 1.50- 108
LHC17(p,q)_FAST 1.95-10® 1.65-108 pp
>+ = pr9(51.57 & 0.30) % -9
* MC:
E‘" — n7r+ (4831 4 030) 9% MC sets Total events | Selected events
— o LHCI18f3_cent.woSDD_(1,2) | 1.24-108 1.05-108 b
X —nm LHC18f3_fast_(1,2) 1.15-108 9.83-10’ P
LHC1713(b)_cent_-woSDD 5.66- 107 4.29-107
LHC1713(b)_fast 7.31-107 5.53-107
_ LHC18j2_cent_woSDD 1.64-10° 1.24-10° PP
>~ =dds LHC18j2 fast 2.41-10°8 1.82-10°

Event selection:

m = 1197.449 + 0.030 MeV/c?

%" — nar (98.848 + 0.005) %
Y s ant * Pile-up rejection

New! YBenmuuenue
CTaTUCTUKHU B 2 pasa

|Vertex z position| < 10 cm

e INEL>0 and NSD events selection
AliMultSelectionTask: :IsSINELgtZERO(ev)

* Minimum Bias trigger



Antineutron identification in PHOS

How we can identify n:

* Deposited energy of annihilation
* Neutrality (Charged Particle Veto)

* Dispersion of cluster

e Number of cells

* But:

* We cannot measure momentum directly

* Use Time-of-Flight to reconstruct

antineutron momentum

HammomuHaHue

fi, E,, > 0.3 GeV

104

10°

102

p-Pb, {5y = 5.02 TeV
10

0 < TOF — t, < 150 ns
Ncells >2
Mg, > 0.2 cm?

p-Pb, sy = 5.02 TeV
Y, E_ 20.3GeV
0<TOF -t < 150 ns 10
Neis > 2
Mg, > 0.2 cm?
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10°
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10°

102




Detault set of cuts for clusters o

* Obtained as a result of a variation of different cuts, as the version with the greatest purity times
efficiency

g 1
MO2 > 0.2 ¢cm? = 1of

E.q. > 0.6GeV

Neens 2= 7

CPV > 100

M20 > —MO02 + 4
0 < TOF —t, < 150 ns

p-Pb, \(S_NN =5.02 TeV
n to all clusters ratio
O<TOF—tY<150ns
E.,=0.3 GeV

Ncells > 2
My, >0.2
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I
0 1 2 3 4 5

cm?
1

O —

M,, (cm
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N/ Nclusters

—_
o

16~

Fraction of different type of clusters

p-Pb, 5,y = 5.02 TeV
E,, >0.3GeV
0<TOF -t, <150 ns
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My, > 0.2 cm —
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prec-pMC (GeV/C)

Reconstruction of 77 momentum

/

Primary n
Default cuts on clusters

e v b e by v b ey b by

1 2 3 4 5 6

Difference between reconstructed and
MC momentum

mp

prec — 5

TOF - C

\ L

— 1

20
18
16
14
12
10

x107°
o(E ) =23.008275-10°, E,, < 0.4 GeV
clu
n o(E,) =9.27927 - 107°. exp(E -0.124013)/ E  -1.36967 - 107,04 < E, < 8.0 GeV
- o(E_)=1.7584911.107°, E, >8.0 GeV
- clu
E | | L Ll L | |
1 2 3 4 5 6 7 8
E,, (GeV)

Time resolution of PHOS

HamomuHaHue

L - distance between primary vertex and PHOS surface, m

Mz - antineutron mass, 0.939485 GeV/¢?

tToF - time of flight, s



Track selection

HammomuHaHue

e TPC dE/dx: 30 band around 7 line

* Track FilterBit 4 (ITS-TPC tracks)
e Number of TPC clusters more than 60

p (GeV/c)

p (GeV/c)

20

TPC calibration in Data and MC

18F
16F
14f
1Zf

10F

N B D [ee]
TTTLIT[TTTTTT]TT

- Data, p-Pb, |s,, = 5.02 TeV

8
TPC N,

BE===-\C, p-Pb, |5, = 5.02 TeV
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HamomuHaHue

Topological selections

* Obtained default cuts is a result of a variation, the version with the [ PHOS
greatest purity times significance was selected Dot + Dr |
t
CPA >0.3 g
PV to SV > 0.193 - p .. +0.25 " dugines /
O > U. ‘DT rec : daughters
\ SV
DCA CPA PV to SV -
Distance between / { Ei
el PV and SV
) 0.06 0.3 0.25 PV
i o 0.06 0.3 0.15




Signal extraction —"

Applying all the obtained cuts, the distribution of

the invariant mass for pairs of a track (pi-meson)

and a cluster in the calorimeter (antineutron) is  « Sjgnal function:
constructed

( —Tr+m
Mixing of 100 events according to Z vertex - xp (‘ Wy ) & —m <0
coordinate and centrality bin fym, wiywa) = o ( . m)
co-exp | — ” ,t—m >0
2
Signal extraction procedure: * Crystal Ball function have negligible width of
the gaussian core — use only tails to describe

Same Event to Mixed Event ratios are
constructed

Fit SE/ME ratio with signal+background fuction

signal

From SE subtract normalized ME to obtain
Signal distribution

Obtain the RY from Signal distribution 10



SE/ME fit. Data

SE/ME

SE/ME
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0.2
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0.16

0.14

0.12

0.1

0.08

0.06

0.04

1

SE/ME Ratio [0.50-0.75] GeV/c

hRatio_[0.50-0.75]
Entries 21773
Mean 1.228
Std Dev 0.05763
%2/ ndf 22.19/36
A 0.03149 £ 0.00199
my 1.195 +0.001
Ny 0.007684 + 0.001835
Nz 0.03935 + 0.00527
8 0.05128 + 0.00073
a, —0.08242 + 0.00754

-y

Ll
1.24 126 128 1.3 132 1.34
M, (GeV/c?)

SE/ME Ratio [1.25-1.50] GeV/c

hRatio_[1.25-1.50]

.. | Entries 6217

+ —_— E-E+p0|1 flt Mean 1.971
Std Dev 0.1034

po” %2/ ndf 43.96 / 34

0.09977 + 0.00592

1.195 £ 0.003

0.02228 + 0.00520
0.07002 + 0.00862
0.05792 + 0.00308
—-0.06132 + 0.01061

A

1.15 1.2 1.25 1.3 1.35 1.4 1.45 1.5

M, (GeV/c?)

SE/ME

SE/ME

SE/ME Ratio [0.75-1.00] GeV/c

0.1

0.

-

0.09

0.08

0.07

0.06

hRatio_[0.75-1.00]

Entries 18787
Mean 1.248
Std Dev 0.0866
+2 / ndf 36.16 /27
A 0.05645 + 0.00234
U 1.198 + 0.002
n, 0.02107 £ 0.00330
Ny 0.07565 + 0.00790
a4 0.05203 + 0.00136
a, —0.07981+ 0.00695

0.05F
r  — E-E+polt fit
0.04
t —poli
Eew oo b v b b b b Ly
1.1 1.15 1.2 1.25 1.3 35 1.4
M,, (GeV/c?)
SE/ME Ratio [1.50-1.75] GeV/c
hRatio_[1.50-1.75]
0.25— .. | Entries 3356
L + — E-E+pol1 fit| yean 1.266
L - Std Dev 0.1026
i pol1 2 ndi 38.76 /34
0.2~ A 0.145 + 0.011
L Mo 1.193 % 0.003
- n 0.02185 + 0.00519
r n, 0.04929 + 0.00694
015 B a, 0.05768 + 0.00450
- a, -0.05103 0.01711
01
0.05
+
—I\II‘IIII‘I\II‘I\I\II\IIII\I\IIIIIII\I\

115

1.2

1.25

1.3

1.35

14 1.45 1.5
M, (GeV/c?)

SE/ME

SE/ME

Hogoe!

SE/ME Ratio [1.00-1.25] GeV/c

hRatio_[1.00-1.25]

C Entries 11342
= + Mean 1.27
0.14— + Std Dev 0.1033
L x2 / ndf 54.13 /34
1ol A 0.08406 + 0.00383
012 m, 1.195 + 0.000
- n, 0.01752 + 0.00217
01 n, 0.07025 + 0.00597
5 3, 0.05588 + 0.00167
L a, ~0.07494 + 0.00629
0.08—
0.06
— E-E+pol1 fit
0.04
— poll
AT VIR VRPN ETETETATE AP YEVITINE AT IR
1.1 1.15 1.2 1.25 1.3 1.35 1.4 1.45
W (GeVIc?)
SE/ME Ratio [1.75-2.00] GeV/c
hRatio_[1.75-2.00]
L .. | Entries 1908
0.25— — E-E+pol1 fit | yean 1.263
L - Std Dev 0.1009
L poli x2/ ndf 45.61/34
0.2l 0.1814 + 0.0152
L 1.194 £ 0.003
r 0.02017 % 0.00466
L 0.04261+ 0.00614
0.15 — 0.05509 + 0.00483
L —0.05235 + 0.01964
0.1
0.05
i s *
Co 11 I 1111 | | I L1l I | | | I ‘ L1 1 1 | 11 1 |
11 115 12 125 13 135 14 145 15
M, (GeVic?)
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SE and norm. ME. Data

SE-ME [0.50-0.75] GeV/c
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Entries 11760
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Entries 9909
Mean 1.226
Std Dev  0.08602
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SE-ME [1.00-1.25] GeV/c

hRe_[1.00-1.25]

+ e SE
o Norm. ME

Entries 5409

Mean 1.246

Std Dev 0.1033

SE-ME [1.75-2.00] GeV/c
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Entries 862
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Signal fit. Data

Counts

Counts
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1

SE-ME [0.50-0.75] GeV/c

e SE-ME
— E-Efit

hSignal _[0.50-0.75]

Entries 343
Mean 1.223
Std Dev 0.03312
%2 / ndf 22.42/38
A 3126 +18.5
my 1.195 +0.001

0.007847 + 0.001645
0.03897 + 0.00309

#

1.14 116 1.18 1.2

132 134
M, (GeV/c?)

SE-ME [1.25-1.50] GeV/c

e SE-ME
+ — E-Efit

hSignal [1.25-1.50]

Entries 619
Mean 1.24
Std Dev 0.06486
%2/ ndf 46.13 /36
A 227+ 11.8
m, 1.195 + 0.000
n, 0.02311+ 0.00222
n, 0.06691 + 0.00452

A 115 12 125 1.3  1.35

1.4 145

Counts

Counts

SE-ME [0.75-1.00] GeV/c
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400
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100

+ e SE-ME
— E-E fit

hSignal _[0.75-1.00]

Entries 1220
Mean 1.241
Std Dev 0.05925
%2/ ndf 38.69/29
A 546.6 + 19.9
My 1.198 + 0.001

0.02221+ 0.00223
0.07328 + 0.00364

1.15 1.2 1.25 1.3

13 14
M, (GeV/c?)

SE-ME [1.50-1.75] GeV/c
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e SE-ME
+ — E-E fit

hSignal [1.50-1.75]

Entries 401
Mean 1.222
Std Dev 0.0518
%2/ ndf 43.53/36
A 1689+ 11.7
Mg 1.195 + 0.003
n 0.02416 + 0.00367
n, 0.04627 + 0.00424
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SE-ME [1.00-1.25] GeV/c

e SE-ME
++ — E-E fit

¢

hSignal_[1.00-1.25]

Entries 893
Mean 1.243
Std Dev 0.08362
x* / ndf 55.05/ 36
A 380.8 +14.0
m, 1.195 + 0.000
n, 0.01853 £ 0.00153
n 0.06899 + 0.00280

t ¢

¥

A 1.15 1.2 1.256 1.3 1.35

1.4 5

145 1
M, (GeV/c?)

SE-ME [1.75-2.00] GeV/c

e SE-ME
+ —E-Efit

hSignal [1.75-2.00]

Entries 309
Mean 1.222
Std Dev 0.05331
%2 / ndf 48.15/36
A 127.6+9.5
mg 1.195 + 0.000
n, 0.02135 + 0.00234
n 0.03845 + 0.00369

e *
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Compare fit parameters. Data and MC
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Left exponent
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° e e Hosoe!
Systematic uncertainties. Sources
* RY extraction: poll/exp, 2 integration ranges, 4 fit ranges, num. integration
* ITS-TPC track matching efficiency: 3%
* Material budget: 4.5%
 Anti-neutron cross section uncertainty (the same as for p-bar): 0.00327 - P76 op
y p T
* Ncells and Dispersion are considered correlated — simultaneous variation
* All Topological selections are considered correlated — simultaneous variation
Group Cut Minimum Detfault Maximum
Minimum E, > 0.5 = 0.6 = 0.7
Nccl]s = 6 = ? > g
Clusters Dispersion My = —M>y+ 3.5 Myp = —My+4 My = —Myy+4.5
CPV ng o 10 TR
TOF 100 ns 150 ns -
n| <0.7 <0.8 <0.9
Tracks Pion TPC ng <2.5 <3 <3.5
TPC clusters 50 60 70

Topological selections

DCA between daughters

< 0.05+exp(—1.381 pr—2.232)

< 0.06+exp(—1.381- pr —2.232)

< 0.07 +exp(—1.381- py —2.232)

Distance between PV and SV X7

> 0.193-pr+0.2

= 0.193- pr+0.25

> 0.193-pr+0.3

Distance between PV and SV X~

~0.193 pr+0.1

~0.193-pr+0.15

~0.193-pr+02

|
|

CPA

=()

=>0.3

=0.5

15



Hogsoe!

Systematic uncertainties

* The mean spectrum is calculated using * For all variations to calculate
equation (av. only by RY extraction systematic uncertainties we use RMS
variation): (except TOF cut):
n 2
N, /o n A2/ _9 n 2 2
N p— ZZ Z/ t,stat L Zz Nz /O-z',stat Zz Ni/ai,stat
mean Z’n 1/0_2 Osyst — n 1 2 o n 1 2
) 1,stat \ Zz /Ui,stat Zz /O-'L',stat
* The average stat. deviation: * TOF systematic uncertainty (only 1
variation):

n ja — bl
Osyst, TOF —
Omean — n 1 2 v 12
Zi /Ui,stat

16



Relative errors

0.25

=
N

0.15

0.1

0.05

Systematic uncertainties. p-Pb. X

O Fem— TOF
: """" Eclu
L CPV
- Shower shape
- Iﬁ ———— Quad. sum. sys. err., Clusters
N )
u-l---l-- 1 1 I_..l.--l.- 1 L i | " | -I---l---i 1 1 1 : i---l---l---l---l---
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Relative errors

o
o
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Track In|
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Hogsoe!

]

—— Clusters

Tracks

Topol. selections

N cross section

——— ITS-TPC matching eff.
Material budget
RY extraction

—— Quad. sum. sys. err.
Rel. stat. err.
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8 - p-Pb, \[syy = 5.02 TeV | 8 B p-Pb, Sy = 5.02 TeV

_ == I Minimum Bias 7 N B Minimum Bias —
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Spectrum of X

* Comparison between
two Antisigma can be
made

* As expected, the ratio
is close to unity

2
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RpPb for ¥

* RpPb can be obtained from resulting
spectra in p-Pb and pp, and compared to
published one for p+pbar

e Where (Ncon) - 6.87 for VOM 0-100%

dePb/de
(Neont) - dNpp /dpT

Rpr —

2.5
- ALICE NSD p-Pb |5, = 5.02 TeV
2_— g
: —— Y
= —0— f_
5~ T P+P
Q:nd : ® ﬂ ol e CERAKRIK]
s Jijr =
. jﬂj_[
0.5/— ﬂﬂ *
: T % Uncertainties: stat.(bar),syst.(box)
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3aKJ/IlouUeHue

* [lonyueHsl crieKTpbl aHTU-CHUTrMa-rUnepoHOB, OL[eHeHbl CUCTeMaTuyeCcKre
TOTPEIIHOCTH

* TlpoiiieHa Ko/laopaliOHHas TIpolieAiypa 1o of00peHnt0 pe3yibTaTtoB: oT Analysis
Note (rmoapoOHbIN OTUeT) /10 MoaydyeHus cTaTyca Preliminary gisi crieKTpoB

* OpgobpeHa Koanabopal[oHHas CTaThs

* IlonydeHHbIe pe3y/bTaThl MpeCTaBlAeHbl Ha MeXXyHapoAHOM KoH(MepeHmyu QM 2023
B COCTaBe M0CTepa U J0K/a/ia; IpeiCTaB/eH I0K/Ia/, Ha MeX1yHapOJHON
koH(pepeHumn SQM 2023, Strasbourg, France

IanbHeUIIe IiaHbl:
* Harmmcanue kon1abopalioHHOM CTaThbU

* bBosnee TijarenbHas mpoBepKa pe3y/bTaToB
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Motivation

Measurement of antineutron

* Measurement of antineutron-hadron e Measurement of ¥ to validate method of
interaction and antineutron antineutron identification and get insight
correlations into hyperon production mechanisms

* Measurement of antineutron spectrum * Measurement of the p-X interaction via

the femtoscopic method to understand
the hyperon-nucleon interaction
(important for astrophysics)

* Measurement of particles that decays
into antineutrons
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* PHOS - high granularity photon

[ TRIGGER

spectrometer based on PbWO4 crystals, T e = B
located at the bottom of ALICE B = g

* The PHOS is dedicated to the search
for electromagnetic radiation from the

hot strongly interacting matter in EFE 3] AR AR
nucleus-nucleus interactions at high 47 L 2 \
energies, as well as for measurements I vah iz Bm Li
of meson spectra via their decays on s - 2=
photons e

* Distance to [P = 4.6 m Lila gy
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PHOS time resolution in MC

PHOS measures time with respect
to BC time (LHC ClOCk) 03 < E,, < 0.6 GeV 06 < £, < 0.9 GeV 09 < £y <1.2 GeV
MC does not reproduce PHOS -‘ A e
time resolution — needs to be
implemented by hand
Left part of distribution — PHOS
time resolution

Right part — particles that MC
does not describe, pile-ups

© Data © Data

Counts
=
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Assumption about the trajectory. 3

* The time of flight for Antisigma and antineutron is compared

* The distance is compared taking into account the secondary vertex

* Prec, corr is calculated taking account Antisigma TOF and SV
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Sigma decay vertex reconstruction

* AliCascadeVertexer::PropagateToDCACurvedBachelor(ALESDvO *v,
AliExternalTrackParam *t, Double_t b)

e ALLESDvV0 AliCaloPhoton

* DCA between daughters
e CPA
* Distance between PV and SV
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T.MC

Precision of SV reconstruction

* The difference between MC and Rec. vertex position of AntiSigma is

calculated for each coordinate
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Topological selections. DCA. p-Pb

5 20 0 s  Ar 368
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Compare SE/ME. Data and MC

SE/ME
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Compare SE/ME. Data and MC

1.75 < pT <2.00 GeV/c 2.00 < pT <2.50 GeV/c 2.50 < pT <3.00 GeV/e
[ e Data s - e Data = e Data
% o03fF & 035 7}
- e MC, norm. F e MC, norm. 0.4 e MC, norm.
0.25F 03F
0.25} 0.3 T
0.2_— -
- £ 0.2
0.15F - 0.2
C 0.15F {H +
0.1 -
E w‘} #h 0.1:— } 0.1 ﬁgh h#
ﬂw MM Al
Tpr[_ 5.02 TeV {-t Tpri_ 5.02 TeV 0 fppbf_ 5.02 TeV
0. i TP PP P P PP PP PP PP PP : ................................................................................................
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* For low pT S/Bg ratio is not consistent between Data and MC
* [t results in large systematic uncertainties

e Here and below plots only for X" are shown. The rest can be found in
AN
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Reconstruction efficiency
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Spectrum of X

All syst. uncertainties are
shown with box

AMPT 1 - the hadron
rescattering is switched off and
the String melting is switched
on. With shadowing

AMPT 2 - the hadron
rescattering is switched on and
the String melting is switched
on

AMPT_3 - the hadron
rescattering is switched off and
the String melting is switched
on. Without shadowing
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Dispersion parameters. MC closure. p-Pb

E_, [0.60-0.90] GeV
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Dispersion parameters. MC closure. p-Pb

Data/MC ratio

Data/MC ratio
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Pbar and Nbar spectra

Steps:

* We correct the measured spectrum in the data by
Purity

* Then, correct the spectrum by Efficiency

* No feed-down correction. The results are not
final and demonstrate the possibility of
measuring nbar and pbar spectrum using PHOS
(in current analysis)

dNnbar truth,all cuts, in PHOS/de

Purity =
dNnbar candidate,all cuts, in PHOS/de
dNnbar truth, all cuts, in PHOS/de

Effici =
e ngen,|y|<O.5/de

n
MO02 > 0.2 cm?

Eclu > 0.6 GeV
Ncells 2 7

CPV > 100
M20 > —MO02 + 4
0 < TOF —t, <150 ns

p

MO02 > 0.2 cm?

Eclu 2 0.6 GeV
Ncells 2 7

CPV < 20
M20 > —MO02 + 4
0 < TOF —t, <150 ns

* Associated track:

TPC dE/dx PID: 30

* Taking into account

the curvature of the
track

31
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Reconstruction efficiency

Efficiency
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