A Large lon Collider Experiment

CPT Symmetry Test

Mass measurements of the = (dss) and €2 (sss)
with pp data collected with the ALICE detector
during the LHC run II

Romain Schotter — PhD student
2020-2023

Universiteé
Supervisors : Antonin Maire & Boris Hippolyte
@ de Strasbourg I P"C P PPOY

Institut Pluridisciplinaire
uuuuuuuu

advancing the frontiers



A Large lon Collider Experiment

ALICE

I) Motivations



A Large lon Collider Experiment

Motivations ALICE

e The Standard Model was initially built upon the invariance of the discrete
symmetries of

(¢, 7) > C (¢, 7) >
¢ Charge conjugation (C), @ |:>
Y(t,—7)
¢ Parity transformation (P), @
=:> @
¢ Time reversal (T), @ : @

¢ And the combined CPT-symmetry

e Strong and electromagnetic interactions are invariant under these
transformations

BUT the weak interaction violates CP-symmetry — T is violated
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Motivations ALICE

e Only the combined CPT-symmetry is conserved

— 2 consequences :

1) Particles and antiparticles share the same fundamental properties

Ex : Lifetime. mass.... (except for the sign of the quantum numbers)

2) Particles and antiparticles are created in pairs
— contradiction with astronomical observations (matter-antimatter asymmetry)

e (P violation is too small to account for the matter-antimatter asymmetry

— need additionnal sources of symmetry violation including CPT-
symmetry violation

e It is decisive to test CPT invariance, especially when a precision gain is
possible
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Motivations ALICE

e Previous mass measurements suffer of low statistics
O MASS

The fit assumes the 2 and 2' masses are the same, and averages them tc

= MASS
The fituses the =, =, and = masses and the =— = mass difference. It assumes that VALUE (MeV) EVTS DOCUMENT ID
1672.45 +0.29 OURFIT

[ ————— |
VALUE (MeV) EVTS DOCUMENT ID 1672.43+0.32 | OURAVERAGE
1321.71 4 0.07 OURFIT 1673 L£1 100 HARTOUNI 1985
1321.70 =0.08 £0.05 2478 +68 ABDALLAH 2006E 1673.0 0.8 41 BAUBILLIER 1978
1671.7 +0.6 27 HEMINGWAY 1978
= MASS
= B B Q MASS
The fit uses the =, =, and §° masses and fhe & — & mass difference. It assumes t- i _
The fit assumes the (§ and 2 masses are thg same, and averages them toget
VALUE (MeV) EvTs DOCUMENT ID VALUE (MeV) EVTS DOCUMENT ID
1321.71 40.07 OURFIT 1672.45 + 0.29 OURFIT
=4 =4
1321.73 =0.08 £0.05 2256 +63 ABDALLAH 2006E 1672.5 L 0.7 OUR AVERAGE
1672 +1 72 HARTOUNI 1985
1673.1 +1.0 1 FIRESTONE 1971B

— coming from the difficulty to produce as much matter as antimatter
With the LHC, we have an excellent source of matter and antimatter !
e Goal : Using the ALICE detector

¢ Provide new mass measurements of the = and Q
¢ And compute their mass difference to test CPT invariance c
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IT) Analysis details and results
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The ALICE detector ALICE

ALICE is composed of 19 detection systems

Inner Tracking System (I'TS), six layers of silicon detector (SPD, SDD, SSD)

— Reconstruct primary and secondary vertices

Time Projection Chamber (TPC), gaseous detector

— Reconstruct tracks + PID (dE/dx)

Time Of Flight (TOF), gaseous detector
— PID + OOB pile up rejection

!

V0, scintillator detector i; i

— Provide trigger info
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The dataset ALICE

Objective : measure the mass of the = and €, using LHC run II data

e Data :

¢ ~292x10° pp collisions at /s = 13 TeV
(LHC16 + LHC17 + LHC18)
¢ Represents ~140 x 10° cascade candidates

e Event Selection :

¢ ESDs,

¢ Revertexing,

¢ KINT7 and/or kHighVOM (MB + high multiplicity),

¢ Remove in bunch (MV) and out-of-bunch pile up (OOB)

e Analysis task :

https: é Z github.com/alisw/AliPhysics /blob/master/PWGLE/STRANGENESS/
ascades/Run? /AliAnalysisTaskStrangeness VsMultiplicityRun2

8


https://github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/Cascades/Run2/AliAnalysisTaskStrangenessVsMultiplicityRun2.h
https://github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/Cascades/Run2/AliAnalysisTaskStrangenessVsMultiplicityRun2.h
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Analysis details ALICE
e = and Q will be studied in the following decay channel :
{E—> Arm™ = pnan o~ Q" > AK — pn K~
= e =t yy _
= - ArT— prtoat Q" > AKT > prt KT
s e
n /mt K /Kt
A/K ___./-p/]_9 A/K ___./p/ﬁ
===t (T B.R. 63.9% Q- /Qt { B.R. 63.9%
—————— ct(A) = 7.89 cm e ct(A) =7.89 cm
’—/B.R. 99.9% o _/B.R. 67.8%
Prim vix ct(2) =4.91 cm Prim vix c7(2) = 2.461 cm

e X and Q are distinguished from the

combinatorial background using topological
selections
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= selections

e X are reconstructed using topological selections

E-(E+) Cut value _
e VO selections
|yl <0.5
pT [1;5]GeV/c DCA VO to PV > 0.04 cm
DCA Pos to PV > (.03 (0.04) cm
e (Cascade selections DCA Neg to PV > 0.04 (0.03) cm
DCA Bach To PV > 0.04 cm DCA V0 daughters <15cm
DCA Casc daughters <13 cm V0 Radius > 1.1 cm
Casc Radius > 0.5 cm VO Cos PA > 0.97
Casc Cos PA > 0.97 IVO Mass — A Mass| < 0.008 GeV/c?
Proper Lifetime >3x491 cm
PA 04 : .
Wrong > 00 e ITS hit requirements

e Track selections : ¢ Bachelor: SPD0OOR 1

o |n| < 0.8 ¢ Proton : SSD4OR S
¢ TPC refit
¢ TPC Nbr Crossed Rows > 70 N\ \

¢ TPC PID Nsigma < 3
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() selections

e () are reconstructed using topological selections

Q-(Q+) Cut value
|YT| 1 5< (Z'}SV e VO selections
2 [155]GeV/e DCA VO to PV > 0.04 cm
. DCA Pos to PV > (.03 (0.04) cm
e (Cascade selections DCA Neg to PV > 0.04 (0.03) cm
DCA Bach To PV >0.04 cm DCA V0 daughters <1.5cm
DCA Casc daughters <1.3cm VO Radius > 1.1 cm
Casc Radius > (0.5 cm VO Cos PA > 0.97
Casc Cos PA >0.97 IVO Mass - A Mass| < 0.008 GeV/c?
|Casc Mass - Z Mass| > (0.008 GeV/c2
Proper Lifetime >3x246 cm e ITS hit requirements
Wrong PA > 0.04

¢ Bachelor: SPDOOR 1

e Track selections : ¢ Proton :SSD 4 OR S5

¢ |n| < 0.8

o TPC refit N
¢ TPC Nbr Crossed Rows > 70
+ TPC PID Nsigma < 3 I

11



Counts per 0.50 MeV/c?
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Mass extraction

e Background substraction for inv. mass analysis :

¢ Fit with a modified Gaussian + linear function

Modified Gaussian =A - exp ( —

WORK INPROGRESS  © - e
35000 — © % §
— f'_’| : — [}
- “| ; [~ =
30000 — 3 ! D g 5000
- 1.00< P, (Casc) < 5.00 GeV/c Lr.>| ‘LS —
— x%NDF =1815.79/175=10.376 S/B = 16.81+ 0.06 @
25000 — | ‘ S/S+B = 0.94 + 0.00 A
- | ‘ S/NS+B = 522.70 + 0.08 §
so000— | = 1321.678 + 0.004 MeV/c? S = 269465.8 + 41.7 hits 3
C o, =1.307 £0.002 MeV/c? i
15000 —
— —  Data(z —»p*n ) | ‘ —
: — Fit | ‘
10000 —
— = Signal
C Background | ‘ 1000
5000 — | ‘
0:1 (]} | | | I || W.J-.L-I de | |L¢'+'_|"._'Y'4"'L'ru- Fl PP IR 0
12 122 124 126 128 13 132 134 136 138 14 142 1.

Inv. Mass (GeV/c?)

1 L —
0.5u1+ 1+0.5u) U= —’u

o

WORK IN PROGRESS : 5

L o) I 3

- g| @ .
: i A O
— o g

[ 1.00 <p_(Casc) < 5.00 GeV/§| | 0

—  Xx?/NDF = 367.95/85=4.329 | ‘ S/B=11.06+0.11

L S/S+B =0.92 + 0.00

- | ‘ S/VS+B = 151.25 + 0.10

C wu=1672.518 + 0.013 MeV/c? S =24943.9 £ 15.0 hits

| | ‘ B = 2255.3 + 20.6 hits

- o, =1.383 +0.007 MeV/c? | ‘

__ — Data (Q — p*n K) | \
n — Fit | ‘
— =« Signal
L Background | l
B 1 WJIUI. T--4111‘= ol 1 |&T-l-:-- --I.L'-J-j_:.-.r__l_'_l-L 1
6 1.62 1.64 1.66 1.68 1.7

1.72 1.
Inv. Mass (GeV/c?
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First = mass measurements ALICE

Mppc(2) = 1321.712 + 0.070 MeV /c?

1= 1321.678 + (stat.)0.004 MeV /c? 1= 1321.736 + (stat.)0.004 MeV /c?

Counts per 0.50 MeV/c?

. WORKINPROGRESS . ‘WORK IN PROGRESS
i L) N % ~ L
35000 - 2 % p— > — g| @ __l_
L - [0) i [r—
- 1l i o = 30000 [ ”| ! |
30000 — é’| S b 2 - b S | S—
-y 1.00< pT(Casc) <5.00 GeV/c Lr.>| ‘“2 S — 1 1.00< pT(Casc) <5.00 GeV/c U?| F
— | x*NDF = 1815.79/175=10.376 S/B = 16.81+0.06 @ 25000— | ¥%/NDF = 1630.00/175=9.314 S/B.=17.27 £0.06
25000 — | ‘ S/S+B = 0.94 + 0.00 o ~ | ‘ S/S+B = 0.95+ 0.00
- | ‘ S/NS+B = 522.70 + 0.08 = L | ‘ S/VS+B = 511.75 + 0.08
_ = —
20000/ —] 1 =1321.678 + 0.004 MeV/c? S = 289465.8 £ 41.7 hits S P | u=1321.736 + 0.004 MeV/c? §=277054.6 + 41.9 hts
- - | ‘ B = 17214.8 + 59.8 hits — | ‘ B = 16041.0 + 57.9 hits
- o, =1.307 £0.002 MeV/c 6, =1.319 £+ 0.002 MeV/c?
e | ‘ 15000f— ' | ‘
5000 — _ et L
- —— Data(E »p*n'm) | ‘ — —_ Data (§+ Spnta) | ‘
- — Fit I——)
10000 — . Signal | ‘ 10000~ F|.t | ‘
— — ===x Signal
— Background | ‘ — » Background | ‘
5000 [— | ‘ — | ‘
0:1 I B R W.J-'i_'l' i |L¢'+'_|"._‘T'4"'L'ru- | SOTRURTI TR A 0_| T L1 Tty | |k¢‘+-_r-,_-y-4'--|_-p--l-- N B
12 122 124 126 128 13 132 134 136 138 14 142 12 122 124 126 128 13 132 134 136 138 14 142

Inv. Mass (GeV/c?) Inv. Mass (GeV/c?)
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First €2 mass measurements

MPDg(Q) — 1672.450 -

1 = 1672.518 + (stat.)0.013 MeV /c?

Counts per 1.00 MeV/c?

6000

5000

4000

3000

2000

1000

—_ o

2 WORK IN PROGRESS
i o) [ 3
- g1 18 _
A 1N W ()
- o Ob
~1 1.00 <p_(Casc) <5.00 GeV/§| | 0
— | Xx?/NDF = 367.95/85=4.329 | } S/B=11.06+0.11
[ S/S+B =0.92+0.00
— S/VS+B = 151.25 £ 0.10
~ | u=1672.518 + 0.013 MeV/c? ‘ S =24943.9 + 15.0 hits
— ‘ B = 2255.3 + 20.6 hits
- o, =1.383 +0.007 MeV/c’ | |
__ — Data (Q — p*n K) | \
n — Fit | ‘
— === Signal
L Background | l
B 1 WJ. I. -I—. J-111‘= _N' 1 1 -l L --J-- --I-_'-J-j.:.-.‘r‘__l_._l_-LJ
6 1.62 1.64 1.66 1.68 1.7 72

Counts per 1.00 MeV/c?

ALICE

-0.2929 MeV /c?

1= 1672.563 & (stat.)0.013 MeV /c?

WORK IN PROGRESS
C = Fis
10 R
n g | Ie
o o .t
— | 1.00< p.(Casc) < 5.00 GeV/Gi‘ ‘ .
[ | x?/NDF = 268.72/85=3.161 ‘ } S/B=12.11+0.12
4000 — S/S+B =0.92+0.00
- S/NS+B = 151.04 £ 0.10
— | u=1672.563 + 0.013 MeV/c? ‘ S = 24695.9 + 14.7 hits
3000 — ‘ B =2039.3 £ 19.6 hits
- o, =1.377 £0.008 MeV/c? | |
so00 | — Data(@ —p 1K) ‘ \
— — Fit ‘ ‘
C === Signal
1000 __ Background ‘ \
0_ | g —r——— P T S WS e A na vl il M
1.6 1.62 1.64 1.66 1.7 1.72

. 1.
Inv. Mass (GeV/c?
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Systematic effects

e Main source of systematic uncertainties :

¢ Topological selections

¢ TPC selections

e Quantification of systematic uncertainties :

¢ Vary these selections (14 selections)

¢ (Observe how the extracted mass and the error are distributed over 20 000

different set of selections

O

Variables Default values Range (Signal variation)
DCA Bach To PV > 0.04 cm [0.05-0.2] (19%)
DCA Casc daughters <13 cm [0.4-1.2] (22%)
Casc Radius > 0.5cm [0.5-1.6] (21%)
Casc Cos PA > 0.97 [0.97-0.999] (55%)
Proper Lifetime >3x2.46 cm [2.5-5] (27%)
DCA VO to PV > 0.04 cm [0.06-0.2] (18%)
DCA Pos to PV > 0.03 (0.04) cm [0.04-0.5] (28%)
DCA Neg to PV > 0.04 (0.03) cm [0.04-0.5](29%)
DCA V0 daughters <1.5cm [0.4-1.2] (32%)
V0 Radius > 1.1 cm [1.2-5] (17%)
VO Cos PA > 0.97 [0.97-0.998] (50%)

[VO Mass — A Mass|

< 0.008 GeV/c2

[0.002-0.007] (33%)

TPC Min Nbr > 70 [90-110] (17%)
Cr Rows
TPC PID <30 [1-3] (15%)
15
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ALICE

Systematic study results
e Mass values : WORK IN PROGRESS
Particle Mass Tot Uncert. | Stat. Uncert. = Syst. Uncert. | PDG Mass | PDG Tot Uncert.
(MeV/c*) | (MeV/c?) (MeV /c?) (MeV/c?) | (MeV/c?) (MeV/c?)
= 1321.774 0.013 0.005 0.012 1321.71 0.07
0 1672.596 0.022 0.015 0.017 1672.45 0.29

¢ Improve current PDG mass values by a factor ~5.5 for & and ~13 for Q

e Test CPT-invariance : mass difference values WORK IN PROGRESS
Particle | Mass diff. | Tot Uncert. | Stat. Uncert. | Syst. Uncert. | PDG Mass | PDG Tot Uncert
(x107°) (x107°) (x107°) (x107°) [ diff(x107°) (x107°)
= 4.35 1.01 0.71 0.72 2.5 8.7
0 -0.44 2.20 1.75 1.32 1.44 7.98

¢ Improve current PDG mass diff. values by a factor ~9 for = and 3.7 for Q

¢ Mass difference ~ O : CPT still valid

16
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IIT) An example of remaining systematic effects

17
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N
Check : compare with PDG mass ALICE
e Mass values : WORK IN PROGRESS
Particle Mass Tot Uncert. | Stat. Uncert. | Syst. Uncert. JPDG Mass PDG Tot Uncert.
(MeMLLc? (MeV/c?) | (MeV/c?) (MeV /c?) (MeV /c?)
= 1321.774 0.013 0.005 0.012 0.07
9 1672.596 0.022 0.015 0.017 0.29

e (Gap between our mass values and the PDG ones (almost 16 for the =)

e To check that the analysis is working properly :

¢ Take a particle whose PDG mass is evaluated very precisely (¢ ~ few keV/c?),

¢ Check that the mass extracted by the analysis corresponds to the PDG mass

e Here, this check will be done using A and KOs
mppa(A) = 1115.683 & 0.006 MeV /c?

-
Pt
-
-
P
P
-
-

+

| 7)/p/p

B.R. 63.9%
ct(A) =7.89 cm

-

mppg(K2) = 497.611 4+ 0.013 MeV /¢

-
-
-

-
-
-
-
-
-

-
-
-

B.R. 69.2%

er(K2) = 2.686 cm
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VO candidate selections

e (Candidates are A, anti-A and KOs

* VO selections e Topological selections
Variables Cut
Rapidity <05 Variables Cut A (KOs)
DCA V0 daughters <1.5(1.0)
Pt [1; 5] GeV/c
VO Radius >0.5cm
VO Cos PA > 0.97
e Track Selections VO Lifetime < 3x7.89 (3x2.686) cm
TPC refit KTRUE DCA VO to PV <1(0.06) cm
TPC PID N Sigma <30 DCA Pos to PV >0.06 cm
Nbr crossed rows > 70 DCA Neg to PV >0.06 cm
n <0.8

19
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Mass shift ALICE

e Same procedure as for the = and

e The extracted mass is above the PDG mass by

¢ ~300keV/c?for A
¢ ~600keV/c? for KOs

=
w
o
o)

(A) = 1115.683 + 0.006 MeV/c? mppg(Kg) = 497.611 4+ 0.013 MeV/c?

12000

2 2200—Real data, pp 13 TeV s WORK IN PROGRESS - Real data, pp 13 TeV WORK IN PROGRESS
[} — ool -
= 20000— /\ — K
o = 10000 — S
o 18000— 1.00 < pT(Casc) < 3.00 GeV/c - 1.00< pT(Casc) < 3.00 GeV/q
@ C  x%NDF = 584.99/185=3.162 S/B = 5.26 + 0.04 | x%NDF = 11973.55/695=17. S/B=15.63+0.06
Q. 16000{—
» —  p-value = 0.000 S/S+B = 0.84 £ 0.00 = 8000— - p-value = 0.000 S/S+B =0.94+0.00 =
€ 14000 , S/\S+B - 798.96 + 1.36 > - S/\S+B =943.12+0.34 >
8 - i =1116.013 + 0.002 MeV/d S = 759696.0 + 1404.5 hits % B S =946387.4 £ 372.0 hits %
12000 = : B = 1444321+ 543.7 hits 8 6000 B = 60544.7 + 204.5 hits Q
E o, =1.199 £ 0.002 MeV/c = B z
i = syt o = B g s U =
8000 :— — hPart0 5‘?"‘3:\ S ?e' 5 ; s __ 6219—03:?.2982—06 5 E
- — Fit %= - . =+
6000 — Sinal £ o B i A o
w000 'Qfl‘(a S g - == S g
E_ Background a 5 2000 :— Background é) 5
2000 — o S
el . n X — n X
= Lsiemsbeg ) | ! | | | v s el 25 - ol . 2E
LedadheianalngSY 1 = S L el - —isdmiabal ] g O‘.I.”‘I‘UT.:"TJ g o T Lol ol Mt ot el o o e e s e bt bt 7 P P e s sy e e s s © ©
1.106 1.108 1.11 1.112 1.114 1.116 1.118 1.12 1.122 1.124 1.1260 on E
— = 0.46 0.47 0.48 0.49 0.5 0.51 0.52 0.53 0.549 -
Inv. Mass (GeV/c?) iE Inv. Mass (GeV/c?) =

20



A Large lon Collider Experiment

Main cause of the mass shift

e Once all tracks are reconstructed, they are propagated to their point of closest
approach to the primary vertex (= hypothesis that all the tracks are primaries)

e In the propagation, corrections on the energy 10SS (based on PID used for racking) are applied :

TPSV;IIIIIICI' ¢ Inward propagation (TPC—PV) :

Track param - add energy

: Energy addition
¢ Outward propagation (PV->TPC):

— subtract energy

.
S
.

e DCA 21
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Main cause of the mass shift

e Once all tracks are reconstructed, they are propagated to their point of closest
approach to the primary vertex (= hypothesis that all the tracks are primaries)

e In the propagation, corrections on the energy 10SS (based on PID used for racking) are applied :

TPC inner
wall

¢ Inward propagation (TPC—PV) :
— add energy

: Energy addition
D ¢ Outward propagation (PV-TPC):
— subtract energy
|
SSD

______ ° SDD
DCA 29

spp & DA
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Main cause of the mass shift

e Once all tracks are reconstructed, they are propagated to their point of closest
approach to the primary vertex (= hypothesis that all the tracks are primaries)

e In the propagation, corrections on the energy 10SS (based on PID used for racking) are applied :

TPC inner
wall

¢ Inward propagation (TPC—PV) :
— add energy

: Energy addition
D ¢ Outward propagation (PV-TPC):
— subtract energy
SSD
Track param
0 .:.l SDD
DCA

23
spp & PCA
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Main cause of the mass shift

e Once all tracks are reconstructed, they are propagated to their point of closest
approach to the primary vertex (= hypothesis that all the tracks are primaries)

e In the propagation, corrections on the energy 10SS (based on PID used for racking) are applied :

TPSV;II]IIICI' ¢ Inward propagation (TPC—PV) :

: Energy addition — add energy
P ¢ Outward propagation (PV->TPC):

— subtract energy

.. e VO0/cascade offline finding :

SSD + Propagate the tracks to decay point

¢ Energy corrections are not redone

Track parag . — daughters have extra-momentum

— invariant mass is shifted o
spp & PCA
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Main cause of the mass shift

e Once all tracks are reconstructed, they are propagated to their point of closest
approach to the primary vertex (= hypothesis that all the tracks are primaries)

e In the propagation, corrections on the energy 10SS (based on PID used for racking) are applied :

TPC inner
SvaII ¢ Inward propagation (TPC—PV) :
: Energy addition — add energy
D ¢ Outward propagation (PV-TPC):
B — subtract energy
s
Track param
e VO0/cascade offline finding :
SSD + Propagate the tracks to decay point

¢ Energy corrections are not redone
— daughters have extra-momentum

— invariant mass is shifted -
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Apply retrocorrections

e Redo track propagation with the appropriate energy loss correction

¢ Propagate the track to the inner wall of the TPC (w/ energy correction)

1 , applying energy correction w/ the correct PID assumption
TPC inner
wall
© : Track parameters D e ]ststep : propagate to the DCA to
PV without energy correction
—
Y
| SSD
_____ . SDD
DEA . DCA 26
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Apply retrocorrections

e Redo track propagation with the appropriate energy loss correction

¢ Propagate the track to the inner wall of the TPC (w/ energy correction)

1 , applying energy correction w/ the correct PID assumption

TPC inner
wall

< : Track parameters e ]ststep : propagate to the DCA to

p PV without energy correction
—

e 2nd gtep : propagate to the TPC with
energy correction (hyp : PID used
during tracking)

SSD
<> & sDD
DCA .-
spp & DA
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Apply retrocorrections

e Redo track propagation with the appropriate energy loss correction

¢ Propagate the track to the inner wall of the TPC (w/ energy correction)

1 , applying energy correction w/ the correct PID assumption
TPC inner
wall
© : Track parameters D e ]ststep : propagate to the DCA to
PV without energy correction
—

e 2nd gtep : propagate to the TPC with
energy correction (hyp : PID used
during tracking)

SSD
I e 3rdgstep : propagate back to decay
o . SDD point with energy correction (hyp :

.
.t
.

correct PID) -

spp & PCA
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Apply retrocorrections

e Redo track propagation with the appropriate energy loss correction

¢ Propagate the track to the inner wall of the TPC (w/ energy correction)

1 , applying energy correction w/ the correct PID assumption
TPC inner
wall
© : Track parameters D e ]ststep : propagate to the DCA to
PV without energy correction
—

e 2nd gtep : propagate to the TPC with
energy correction (hyp : PID used
during tracking)

SSD
I e 3rdgstep : propagate back to decay
o . SDD point with energy correction (hyp :

.
.t
.

correct PID) ’9

spp & PCA
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A Invariant mass

e To get an idea whether or not these corrections are going in the right direction

— look at the invariant mass

ALICE

mppc(A) =1115.683 + 0.006 MeV /c?

WORK IN.PROGRESS
— MC data (LHC21a5a)

1.1217 Gev/

S/B = inf + -nan ‘
S/S+B = 1.00 + 0J00
S/VS+B = 646.65+ 1.26

1< pT@I_/O)‘ <5 GeV/e

+5.00

2/NDF = 170538/35 48.582
p-value = 0.000

S =418160.1% QL .7 hits
B= 0.0% 0.0 hit:

IIII|IIII|IIII|IIII|IIIIIIII

Gu =1 155 0 002 MeV/c 6040e¢0At|3|4e+2 H __ G - 1 137 iio 002 MeV/c ’ ‘ *
i i ' } Retrocorrection = ers / | ==
— it

== Signal (L ‘ 85 =+ Signal | ‘ “ |
Backgroun ‘ ;5 0000 Backgrounli " \ |

| o.x | s “\ |

I } w A N Ll '_J_L_L skl I =1 =] | I el L - . —e c— I Eg I | S [ESivae e l sy L I g sz e I s L =
0 1 e U |_ .5 &5 |__|__| _ |J

1106 1108 1.1 1.112 1.114 1116 1118 1 12|n3,1,\ﬁgss1(1(52§'\,/1021)26£5 1106 1108 141 1412 1414 1116 1.118 112 1122 1124 112

— 4266 keV shift wrt to PDG mass
(injected mass)

0000 —

S/S+B = 1.00 £(0.00
\ S/VS+B = 646.71+ 1.26

S = 418231.5 +,940.4 hits
B= 0.0+ 0.0 rlns

x*/NDF = 1858.14/35=53.090
p-value = 0.000 ’

T
S/B = inf £ - r\

WORK IN PROGRESS
M data (LHC21a5a)py A8
1< ]iT(‘J’O) <5GeV/e ’ ‘ 5%

Inv. Mass (GeV/c?)

— -49 keV shift wrt to PDG mass
(injected mass)
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A Large lon Collider Experiment

ALICE

IV) Current status
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A Large lon Collider Experiment

= Invariant mass

e Look at dE/dx retrocorrection applied on cascades

e In MC data (LHC20i2b) :
mppg (E) = 1321.71 £ 0.07 MeV/c?

ALICE

WORK IN PROGRESS ¢ s WORK IN PROGRESS . s

I » Ul LL_J — " qli (q'%

— MCdata (CHC202b) 5 | —_ w—MC data (LHC20i2b) & , & —

2 o | B = - A | E =

— g‘ g 100 — g‘ g

— 1<pr<5GeV/c S‘ F wF. 1<pPr<5 GeV/c g.‘ F

—  x?NDF = 2261.63/177=12.778 ‘ ‘ S/B = inf £ -nan —  x2/NDF = 2639.22/177=14.911 ‘ l S/B = inf + -nan

- p-value = 0.000 S/S+B =1.00 £ 0.00 — - oo S/S+B = 1.00 + 0:00

- ¥ ‘ ‘ S/VS+B = 434.88 + 1.31 = PAEE=0R00 ‘ \ S/VS+B = 434.86 + 1.31

— ju=1321.780 + 0.005 MeV/c? ‘ ‘ P11 0602 hig - I 1 =1321.573 + 0.005 MeV/c? ‘ l $=189107.0+ 659.0 hits

- B= 0.0+ 0.0 hits om A= » B= 0.0+ 0.0 hits

: Gl"’ = 1.669 i 0-004 MeV/c ‘ ‘ Amplitude = 1.889e+04 + 6.037e+01 < : G“’ = 1.655 i 0.004 MeV/c ‘ |

. omE o 1l = Retrocorrection — vae=-px= m

— [ —n (1

- ~ .

- == == Signal ‘ ‘ 8 g - === Signal ’ l

— Background é 5 Background

3 J\ 2, &l

- @ X

[ 1 1 1 | 1 1 1 |___]_ e T IR e | 1 | 1 I Eg 0 1 1 1 1 | 1 1 1 41___| T _J ______ Y et |8 1 | 1 1

2 1.25 1.3 1.35 1.4 E’_) o 1.2 1.25 1.3 1.35 1.4
Inv. Mass (GeV/c?) iT o Inv. Mass (GeV/c?)

— +70 keV shift wrt to PDG mass
(injected mass)

— -137 keV shift wrt to PDG mass
(injected mass)
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A Large lon Collider Experiment

() Invariant mass ALICE

e Look at dE/dx retrocorrection applied on cascades

e In MC data (LHC20i2b) :
mppg () = 1672.45 £+ 0.23 MeV /c?

S =107000.0 + 427.0 hits

W = 1672.538 + 0.006 MeV/c? il e u = 1672.451 + 0.006 MeV/c?
= 00x U. IS L

o, = 1.438 +0.004 MeV/c?

S = 106987.3 + 427.3 hits

. B= 0.0+ 0.0 hits
5000

WORK IN PROGRESS : WORK IN PROGRESS . s
wf— MC data (LHC2020) 3 , | 0 o[~ MC data (LHC20126) 7 : 0
: 4 H : ! H F
00— 1 < pr < 5 GeV/c i @ ooof— 1 <pr <5 GeV/e ¥ ‘Lfé
X?/NDF = 2064.17/177=11 .662| /B < inf & -nan | x?/NDF = 2223.45/1 77=12.56% S/B = inf + -nan
|
|

< Poo— o, =1.432 +0.004 MeV/c?

— Data(Q — p*n K) |
— Fit |

III|II||III|III|II|

Fit Qtatiiec " Q1TCCESQCET T

= L |
~ Retrocorrection —>=e-»<0 | [
- Fi
=== Signal = g ===« Signal | ‘
Background ! 8 & Background | ‘
2000 | l 52 EJ 3000 g
/ \ |\
0 L L | I I"""I"J"'l'"l" e 'I"'l"l"""l"J"J_l_l_l_l g-‘g 0 1 1 1 | |__l___|__4__|___l_ R D ,_l___l__l__l___l__J__
1.6 1.62 1.64 1.66 1.68 1.7 1.72 1.749 =
Inv. Mass (GeV/c?) = 5 1.6 1.62 1.64 1.66 1.68 1.7 - M1a's732(GeV/C12')74
— +88 keV shift wrt to PDG mass — +1 keV shift wrt to PDG mass
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A Large lon Collider Experiment

Conclusion

e C(Current results :

+ Improve PDG mass and mass difference values by at least a factor 5 and 3 respectively

¢ Mass difference ~ 0 : CPT still valid but further constrained

e A first glimpse on the complexity of such a measurement :

¢ Our mass measurements have an offset wrt the PDG mass, mainly coming from extra energy
addition during V0O/cascade finding — corrected now

e All the systematics were not presented today :

¢ Choice of the fit functions

+ B field precision

*

e Next step :

¢ Understand why our dE/dx retrocorrection works so well on € but not on & 34
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A Large lon Collider Experiment

Systematic study strategy

ALICE

For each selection, a random number is extracted from the actual distribution of
this variable in the variation range (using TUnuran)

The new set of selections (14 selections) is then used to obtain the inv. mass
distribution of the particle of interest (=, )

This procedure is repeated 20 000 times

For each set of selections 7, we extract :

¢ The measured mass p;

" Mass = Mean = [
. Osyst — RMS

— store in an histogram =y <

¢ The error on the mass o;

— store in an histogram Ostat = O

37
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Systematic study strategy ALICE

For each selection, a random number is extracted from the actual distribution of
this variable in the variation range (using TUnuran)

The new set of selections (14 selections) is then used to obtain the inv. mass
distribution of the particle of interest (=, )

This procedure is repeated 20 000 times

For each set of selections 7, we extract :

¢ The measured mass difference Ay, / ,upart (Mfart M?art)/ Mf art

- AMass N AL
— store in an histogram mp < — wvieall = =2t
Mass 1
L Usyst — RMS

¢ The error on the mass difference o, sart  party, part
(g —hy ) g

7

— 38
— store in an histogram Ostat — O (M—part part
7

t
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A Large lon Collider Experiment

Dependence of the mass shift

e The gap between the extracted mass and the PDG mass seems to depend on :

+ Radial position of the decay point

¢ The transverse momentum

0 2
mppg(A) = 1115.683 £ 0.006 MeV /c? mppg(Kg) = 497.611 +£0.013 MeV /c
A U
Z  WORK IN PROGRESS =  WORK (I)N PROGRESS
E = ° = B ¢
J116.2- A. T, 498.8— KS I
= . 2 N
1161 s g 108,61 5
Zz C 2 B ——
il o M } e "~ 4os.al- ’
- e s b —o—
1115.9— + ﬁ— N +_¢_
n b 498.2(— A
111581 % +ﬂ>—‘— —e— A 1.00 < p_<2.00 GeV/c - $—¢— —w— R0s/1.00<p, <2.00:Cevic
E el m (A) A 2.00 < p, < 3.00 GeV/c ol ¥ KOs 2.00 < p_ < 3.00 GeV/c
11157 _F'I' PDG A 3.00 < p. < 6.00 GeVic B <{> —o— K0s 3.00 < p_< 6.00 GeV/c
— 10 s T s 1 — 5 o 10 75 20 25
VO radius(cm) mppg (KS) VO radius (cm)
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Invariant mass Vs radius

e The mass shift is dependent on the radial position of the VO

— with retrocorrections, we’d expect the trend to be less pronounced

mppc(A) =1115.683 = 0.006 MeV/c? mppg(K2) = 497.611 £ 0.013 MeV/c?

- MC data (LHC21a5a) ; . MC data (LHC21a5a)
-~ WORK IN PROGRESS - WORK IN PROGRESS
< 1116.1F e < 498.41 ;
= - < - ——
> B —— > -
= N 4+ S -
= 1116 = .
~ B ~— 498.2— 0
% B —— A % B —-— KS
= 1115.9— il —— Retrocorr. A = I & .
E i i Ea /F\{ B 2 408 g —— Retrocorr. K
- etrocorr. A -
1158 o= — -
F 3 497.8f
[ 4 1l B[
1115.7=%  mppg(A) - . E Be ¢
- = . 0
- dod :8: - e mppg (KS)
- B e
15,6 o =gt —§od= WLOF ¥ o
B _éd'zéz‘ E e
I_ | | | | | | | | | | | | | | | | | | | | 1 | | 1 I_ | | | | | | | I | | | | | | | | | | | | | | | |
3} 10 15 20 25 b 20 25

10 15
VO radius (cm) VO radius (cm) *
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KOs Invariant mass

ALICE

e To get an idea whether or not these corrections are going in the right direction

— look at the invariant mass

mppg(KZ) = 497.611 + 0.013 MeV/c?

WORK IN PROG;}RESS <
= 3 s
[ (2]
- MCdata (LH(%%IaSa) KO
i : | TS
T 1<pr(V0)<58GeV/c | g
0 :— x?/NDF = 44243.80/137=322[P47 i S/B =inf + -nan
— -value = 0.000 S/S+B = 1.00+ 0.00
: P ‘S/\{sﬁ = 986.28 +0.22
0 S = 972745.9 + 252.6 hits
B= 0.0+ 0.0 hits
0 T v

— hinvMassK0s_0

Illlllllllllllllll

0 — Fit i o

=== Signal 6 g

0 Background 8 5
»n

Lo

| 2+&

] I § == Y NS OO TR O OO0 L et i i} _.‘Eg

.46 0.47 0.48 0.49 0.5 0.51 0.52 0.53 0,542 s

Inv. Mass (GeV/c?) L i

— 308 keV shift wrt to PDG mass
(injected mass)

100

100

Retrocorrection e coto

100

WORK IN PROGRESS
- MC data (LH{21a5a) f 2 KO
— ; ¥ S
- 1<pr(V0) < SEAJeV/c qu3

:— S/B =inf £ -nan

x?/NDF = 42550.83 ‘1 37=310

p-value = 0.000 | S/S+B =1.00 + 0.00

S/VS+B = 986.73 + 0.22

S = 973630.5 + 249.0 hits
| B= 0.0+ 0.0 hits

Background

===« Signal }
|

‘-J-J-I--'--'-J -l-l--'._l_l_

k 5 == —r
047 048 0.5 051 052 053 05
Inv. Mass (GeV/c?)
— -28 keV shift wrt to PDG mass M

(injected mass)
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The dataset

Objective : Correct for extra energy loss correction, using a MC sample.

ALICE

e 2 MC samples :

¢ General purpose, anchored on LHC18m (LHC21a5a)
¢ Enriched in = and Q, anchored on LHC18i (LHC20i2b)

e Event Selection :

¢ ESDs,

¢ Revertexing,

¢ KINT7 and/or kHighVOM (MB + high multiplicity),

¢ Remove in bunch (MV) and out-of-bunch pile up (OOB)

e Analysis task :

https: //github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/
Cascades/Run? /AliAnalysisTaskStrangenessVsMultiplicityRun?2

42


https://github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/Cascades/Run2/AliAnalysisTaskStrangenessVsMultiplicityRun2.h
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Candidate selections

e (Candidates are primary A, anti-A and KOs

e VO selections

Variables Cut
Rapidity <0.5
Pt [1; 5] GeV/c
MC association YES
e Track Selections
TPC refit KTRUE
TPC PID N Sigma <30
Nbr crossed rows > 70
n <0.8

e Topological selections

Variables Cut A (KOs)
DCA V0 daughters <1.5(1.0)
VO Radius >0.5cm
VO Cos PA >0.97
VO Lifetime < 3*7.89 (3*2.686) cm
DCA VO to PV <1 (0.06) cm
DCA Pos to PV > 0,06 cm
DCA Neg to PV > (0.06 cm

43
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= selections

e (Candidates are primary =

=-(=z4) Cut value
Iyl <0.5
pT [1;5] GeVic
MC association YES

, e VO selections
e (ascade selections

DCA Bach To PV > 0.04 cm DCA VO to PV >0.04 cm
DCA Pos to PV > 0.03 (0.04) cm
DCA Casc daughters <1.3cm
: DCA Neg to PV > 0.04 (0.03) cm
Casc Radius >0.5cm
DCA VO daughters <1.5cm
Casc Cos PA > 0.97 -
VO Radius >1.1cm
Proper Lifetime >3x4.91cm
VO Cos PA > 0.97
wrong PA >0.04 |[VO Mass — A Mass| < 0.008 GeV/c2
e Track selections :
¢ |n| < 0.8
¢ TPC refit
¢ TPC Nbr Crossed Rows > 70 44

¢ TPC PID Nsigma < 3
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() selections

e VO selections

DCA VO to PV > 0.04 cm
DCA Pos to PV > (.03 (0.04) cm
DCA Neg to PV > 0.04 (0.03) cm
DCA V0 daughters <1.5cm
V0 Radius > 1.1 cm
VO Cos PA > 0.97

Candidates are primary Q
Q-(Q+) Cut value
ly| <0.5
pT [1;5]GeV/c
MC association YES
Cascade selections
DCA Bach To PV > 0.04 cm
DCA Casc daughters <1.3cm
Casc Radius > 0.5 cm
Casc Cos PA > 0.97
|Casc Mass - = Mass| > (0.008 GeV/c2
Proper Lifetime >3x2.46 cm
Wrong PA > 0.04

[VO Mass - A Mass|

< 0.008 GeV/c2

Track selections :
¢ |n| < 0.8

¢ TPC refit

¢ TPC Nbr Crossed Rows > 70

¢ TPC PID Nsigma < 3
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