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Motivations '

You ALICE

are
here
Run 4
2029 - 2032

e Almost 4 years after the end of LHC Run 2, the LHC has restarted, as well as
the experiments installed on the ring (ATLAS, CMS, LHCb, ALICE).

e During this long shut down, the hardware and the software of ALICE have been
upgraded in order to get :

— More statistics

— Better tracking and vertexing

— With the LHC Run 3, ALICE steps into the precision era ! ’
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Motivations '

You ALICE

are
here
Run 4
2029 - 2032

e In the (multi-)strange hadron sector, with the end of LHC Run 2, ALICE has
already entered the precision era.

e In order to fully exploit and push the Run 2 data to their limits :

¢ Testing the CPT symmetry via the mass measurements of the =(dss) and
€2(sss)

¢ A multidifferential study on the correlation between Q (sss) and ¢ (ss)
yields
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The ALICE 1 set-up ALICE

ALICE 1 is composed of 19 detection systems (during LHC Runs 1 & 2)

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

— Reconstruct tracks and vertices + trigger + multiplicity estimation (SPD)

Time Projection Chamber (TPC), gaseous detector (90 m3)

— Reconstruct tracks + PID (dE/dx)

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

VO : VOA and VOC, two arrays of scintillator detector 6

— Trigger, multiplicity estimation at forward rapidity
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IT) CPT symmetry test : mass measurements of the = (dss) and Q (sss)

1. Motivations
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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 0
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IT) CPT symmetry test : mass measurements of the = (dss) and Q (sss)

2. Analysis based on real data

11
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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 (IB) and out-of-bunch (OOB) pile up

e Analysis task :

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

12


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

13




A Large lon Collider Experiment

= selections

e X are reconstructed using topological selections

E-(E+) Cut value
lyl <05 e VO selections
pT [1;5]GeV/c DCA VO to PV > 0.04 cm
. DCA Pos to PV > (0.03 (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 <l.5cm
DCA Casc daughters < 1.3cm VO Radius > 1.2 cm
Casc Radius > (0.6 cm VO Cos PA > 0.97
Casc Cos PA >0.97 IVO Mass - A Mass| < 0.008 GeV/c?
Proper Lifetime >3x491 cm
Wrong PA > 0.04

e ITS hit requirements

e Track selections : ¢ Bachelor: SPD0OOR 1

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

¢ TPC PID Nsigma < 3
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() selections

e () are reconstructed using topological selections

e VO selections

DCA VO to PV > (0.04 cm
DCA Pos to PV > 0.03 (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

[VO Mass - A Mass|

< 0.008 GeV/c?

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

e Track selections :

¢ |n| < 0.8
¢ TPC refit

¢ TPC Nbr Crossed Rows > 70
¢ TPC PID Nsigma < 3

e ITS hit requirements
¢ Bachelor: SPD O OR 1

¢ Proton :SSD4OR5

15



Counts per 0.50 MeV/c?

A Large lon Collider Experiment

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 Expected 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 [70-90] (17%)
Cr Rows
TPC PID <30 [1-3] (15%)
19




A Large lon Collider Experiment

Systematic study strategy

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

20
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Systematic study strategy

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

ALICE

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

21
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Systematic study strategy

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

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

e This procedure is repeated 20 000 times

22
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Systematic study strategy

ALICE

For each selection, a random cut value 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 :

" Mass = Mean = [
. Osyst — RMS

¢ The measured mass p;

— store in an histogram =y <

¢ The error on the mass o;

— store in an histogram Ostat = O

23
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Systematic study strategy ALICE

For each selection, a random cut value 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

_ 24
— store in an histogram Ostat — O (M—part part
7

t
—pPY) f
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Systematic effects

e Systematic uncertainties :

¢ Topological and TPC selections :

Mass Values Mass difference
Particle | Stat. Uncert. | Syst. Uncert. Particle | Stat. Uncert. | Syst. Uncert.
(MeV/c*) | (MeV/c?) (x 107°) | (x 107°)
= 0.005 0.010 = 0.77 0.79
() 0.015 0.014 () 0.79 1.19

25
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Systematic effects

e Systematic uncertainties :

¢ Topological and TPC selections :

Mass Values Mass difference
Particle | Stat. Uncert. | Syst. Uncert. Particle | Stat. Uncert. | Syst. Uncert.
(MeV/c*) | (MeV/c?) (x 107°) | (x 107°)
= 0.005 0.010 = 0.77 0.79
() 0.015 0.014 () 0.79 1.19
+ B field precision
Precision : 0.0001 T
B
pr=03-B-R — PT, new = 5-PT, 0
0

Here B/B, = 1.0001 or 0.9999

26
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¢ Topological and TPC selections :

Systematic effects

e Systematic uncertainties :

\

ALICE

Mass difference

Mass Values
Particle | Stat. Uncert. | Syst. Uncert.
(MeV/c?) | (MeV/c?)
= 0.005 0.010
0 0.015 0.014
+ B field precision
= / 0.006
() / 0.006

Particle | Stat. Uncert. | Syst. Uncert.
(x 107°) | (x 1079)
= 0.77 0.79
9 0.79 1.19
] / Negl. (?)
() / Negl. (7)

27
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Systematic effects

e Systematic uncertainties :

¢ Topological and TPC selections :

ALICE

Mass difference

Mass Values
Particle | Stat. Uncert. = Syst. Uncert.
(MeV/c?) | (MeV/c?)
= 0.005 0.010
0 0.015 0.014
+ B field precision
= / 0.006
() / 0.006

Particle | Stat. Uncert. | Syst. Uncert.
(x 107°) | (x 1079)
= 0.77 0.79
9 0.79 1.19
] / Negl. (?)
() / Negl. (7)

Try different fit functions : Gaussian, double Gaussian, modified Gaussian,
Bukin function

e Extracted mass

e Systematic uncertainties = weighted RMS

= weighted average

28
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Systematic effects

e Systematic uncertainties :

ALICE

¢ Topological and TPC selections :

Mass Values Mass difference
Particle | Stat. Uncert. = Syst. Uncert. Particle | Stat. Uncert. | Syst. Uncert.
(MeV/c*) | (MeV/c?) (x 107°) | (x 107°)
= 0.005 0.010 = 0.77 0.79
() 0.015 0.014 () 0.79 1.19
+ B field precision
= / 0.006 = / Negl. (7)
0 / 0.006 Q) / Negl. (?)
L 4
= / = /
Q / Q /

29
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Systematic effects

e Systematic uncertainties :

¢ Topological and TPC selections :

\

ALICE

Mass difference

Mass Values
Particle | Stat. Uncert. | Syst. Uncert.
(MeV/c?) | (MeV/c?)
= 0.005 0.010
0 0.015 0.014
+ B field precision
= / 0.006
() / 0.006
L 4
= /
Q /

¢ Choice of the fitting range

Particle | Stat. Uncert. | Syst. Uncert.

(x 107°) | (x 1079)

= 0.77 0.79

9 0.79 1.19

= / Negl. (?)

Q) / Negl. (?)

= /

Q /

— Vary the fitting range and look at the mass and mass difference
deviations wrt to the default fitting range

30
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Systematic effects

e Systematic uncertainties : WORK IN PROGRESS

¢ Topological and TPC selections :

Mass Values Mass difference
Particle | Stat. Uncert. | Syst. Uncert. Particle | Stat. Uncert. | Syst. Uncert.
(MeV/c*) | (MeV/c?) (x 107°) | (x 107°)
= 0.005 0.010 = 0.77 0.79
() 0.015 0.014 () 0.79 1.19

+ B field precision

) / 0.006 = / Negl. (?)
Q0 / 0.006 Q) / Negl. (?)
4
= / = /
Q / Q /
¢ Choice of the fitting range
= / 0.002 = / 0.17 31
Y/ / 0.003 Q) / 0.17
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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?)
= 1321.762 0.014 0.005 0.013 1321.71 0.07
) 1672.570 0.022 0.015 0.016 1672.45 0.29
¢ Improve current PDG mass values by a factor 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°)
= 4.33 1.15 0.77 0.85 2.5 8.7
0 0.61 2.13 1.75 1.21 1.44 7.98

¢ Improve current PDG mass diff. values by a factor ~7.6 for = and ~3.8 for (2

¢ Mass difference ~ O : CPT still valid

32
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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. | PDG Mass | PDG Tot Uncert.
(MeMLLc? (MeV /c?) (MeV/c?) (MeV/c?) (MeV /c?)
= 1321.762 0.014 0.005 0.013 0.07
0 1672.570 0.022 0.015 0.016 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 (o ~ 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



A Large lon Collider Experiment

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

34
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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/c2for A
¢ ~600keV/c2for 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?) =

35



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:dnlner ¢ Inward propagation (TPC—PV) :

Track param — add energy

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

— subtract energy

.
S
.

e DCA 36



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 :

TPC inner
wall

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

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

______ ° SDD
DCA 37

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

38
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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 2
spp & PCA



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 :

TPC inner
Svall ¢ 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 40




A Large lon Collider Experiment

IT) CPT symmetry test : mass measurements of the = (dss) and Q (sss)

3. Analysis based on MC data

41
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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 (IB) and out-of-bunch (OOB) pile up

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

A Large lon Collider Experiment

Candidate selections

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

e VO selections

Variables Cut
Rapidity <0.5
P [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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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
S
L
| SSD
_____ . SDD
DCA . DOA 44
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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
o & sop
DCA 45
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) 4

spp & PCA
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A Large lon Collider Experiment

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/YS+B = 646.65+ 1.26

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

1< pT@I_/O)‘ <5 GeV/c

+5.00

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

IIII|IIII|IIIIIIIII|IIIIIIII

6, = 1.155 + .002 MeV/c o | — o, =1.137 J_rlo .002 MeV/c ] g — ]
— r;lnvMassPLm_o ' } Retrocorrectlon ssHart_Corr_0 ' / | -
— it

== Signal (L ‘ 8 § =+ Signal | ‘ “ |
Backgroun ‘ ; 5 0000 Backgrounli " \ |

g A “\ |

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

— +266 keV/c ? 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/c ? shift wrt to PDG mass
(injected mass)
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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;iRESS <
= 3 s
[ (2]
- MCdata (LH(%%IaSa) KO
i : | TS
C 1<pr(V0) <5%eV/c | ¥
of— ¥2/NDF = 44243.80/137=322944 S/B = inf £ -nan
— -value = 0.000 S/S+B =1.00+ 0.00
: prvad ‘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 — it e m

=== Signal 6 g

0 Background 8 5
»n

f 0 x

T | 2+&

] I § == Y NS OO TR O OO0 L deieligei i 8 g

.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/c ? shift wrt to PDG mass
(injected mass)

100

100

Retrocorrection e coto

100

WORK IN PROG%QESS 5

- MC data (LH{21a5a) | 2 0
— o Ks
- 1<pr(V0) < S#e\//c 5

:— 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 == -
047 048 05 051 052 053 0.5
Inv. Mass (GeV/c?)
— -28 keV /¢ ? shift wrt to PDG mass 49
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IT) CPT symmetry test : mass measurements of the = (dss) and Q (sss)

4. Current status for =(dss) and € (sss)

50
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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 Lh_l — " qli (q'%

~ MCdata (CHC202b) = | | S «E-MC data (LHC2025) 7] | | —

- & - = - o -

— - . e - i e

m 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

~ fu=1321.780 + 0.005 MeV/c? ‘ ‘ 2 - 1O8z1+200-%ih$60-2 hits - I 1 =1321.573 + 0.005 MeV/c? ‘ l S = 189107.0 + 659.0 hits

il = 0.0+ 0.0 hits - B= 0.0+ 0.0 hits

~ o, =1.669 * 0.004 MeV/c 1 [ — = P, = 1.655 + 0.004 MeV/c? 1 B

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

— _ — Fit

E —_— Fl't ‘ ‘ i = . Slignal ‘ \

- ===« Signal ‘ ‘ 8 g i ’ l

— Background = & Background

= 1 A Al

[ 1 1 1 | 1 1 1 |___]_ e ;___l___l___;__l 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/c ? shift wrt to PDG mass
(injected mass)

(injected mass)

— -137 keV /¢ ? shift wrt to PDG mass
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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) :

WORK IN PROGRESS - s
B PeRE I
B T{| l i
- ° g
— 1 < pr<5GeV/c i %
B x?/NDF = 2064.17/177=11 .662I : S/B = inf * -nan
— p_va|ue =0.000 S/S+B =1.00+ 0.00
— l SINS+B =327.11+ 1.13
~— § u=1672.538 + 0.006 MeV/c? ! S =107000.0 + 427.0 hits
— B= 0.0+ 0.0 hits
— o, =1.438 +0.004 MeV/c? | l =
_ — Data(Q — p*n K) | l
| — Fit
- . ] .
=== Signal 8 )
N Background | t i 8 g
: R\
N | 9 E
PR T S S N SO T IR N SRV T SR T S S R T R E g
.6 1.62 1.64 1.66 1.68 1.7 1.72 1.749 -
Inv. Mass (GeV/c?) T o

— +88 keV/c ? shift wrt to PDG mass
(injected mass)

mppg () = 1672.45 £+ 0.23 MeV /c?

ALICE

WORK IN PROGRESS .
o0o| - MC data (LHC20i2b) @i 2 O-
wool— 1 <prt <5 GeV/c Ob| UOZ

[ %2/NDF =2223.45/177=12.56
— p-value = 0.000

N9

00— o, =1.432 +0.004 MeV/c?

=== Signal

06 I M i |
" Retrocorrection ~>=e-s<x I
|

Background
2000

1.6 1.62 1.64 1.66

1L = 1672.451 + 0.006 MeV/c?

S/B = inf + -nan
S/S+B =1.00+ 0.00

S/VS+B =327.09 +1.13

S = 106987.3 + 427.3 hits

B= 0.0+ 0.0 hits

— +1 keV/c ? shift wrt to PDG mass

(injected mass)

1.72 .
Inv. Mass (GeV/c?)
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Conclusion

e Onreal data :

ALICE

¢+ 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 On MC data : a glimpse on the complexity of such a precision measurement

¢ Our mass measurements have an offset wrt the PDG mass, whatever the particle of interest
(K57 A9 Ea Q)

¢ This mass shift mainly comes from extra energy addition during V0O/cascade finding —
corrected now

e All the systematics are not done yet :

Source | TPC and topo. B field Choice of the | Choice of the | Material Our energy
selections precision | fitting function | fitting range budget loss correction
Status
e Next step :

¢ Understand why our dE/dx retrocorrection works so well on €2 but not on = >3
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IIT) Correlated production of strangeness : yield ratio measurement of ¢ (ss) to Q(sss)

1. Motivations

54
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Motivations

Quantum ChromoDynamics (QCD) is the current quantum field theory describing the
strong interaction of colored quarks and gluons

ALICE

® Quark : fermion, carries only one (anti)color

® Gluon : vector boson of the strong interaction, carries one color and one anticolor = partons

— gluons can interact together

Particle Data Group. Quantum Chromodynamics. Fig.9.3
0.35 """

" T decay (N3LO) o ] : :
low Q2 cont. (N*LO) e - Two TCgLmes .
HERA jets (NNLO) F+— ]

03 - Heavy Quarkonia (NNLO) . Y C 1 nf. l
e'e” jets/shapes (NNLO-res) Fe ] olor confinement at low ener gy
5 pp/pp (jets NLO) ==+ -
0.25 | EW precision fit (N>LO) e ] — quarks and gluons are confined within hadrons

pp (top, NNLO) == — described by lattice QCD (LQCD) for example

@m 02
0.15 |
* Asymptotic freedom at high energy
" - — quarks and gluons are almost free
[ ==ay(Mz")=0.1179.0.0009 — described by perturbative QCD (pQCD)
005 L PR s e el L s aaal
1 10 100 1000
August 2021 Q [GeV] 55

Low energy/Large distance High energy/Small distance


https://pdg.lbl.gov/2021/web/viewer.html?file=../reviews/rpp2021-rev-qcd.pdf
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Motivations ALTCE

Lattice QCD predicts a phase transition from hadronic to partonic matter, i.e. a new phase
of deconfined and thermalised partons

— the Quark Gluon Plasma (QGP)

¢ (ritical temperature > 155 MeV
¢ Critical energy density ~ 1 GeV/fm3

¢ Thermalisation time ~ 10-24 sec

One of the key signatures of QGP is strangeness enhancement

.

In the QGP, the mass of the strange quarks reduces to thelr bare mass, i.e. the mass
coming from the Higgs mechanism — M = 93 MeV/ c” < TQGP

(a) (b) (¢) (d)

The production of strange quarks is dominated by gluon fusion (reaction time shorter than qq
annihilition, Phys. Rev. Lett. 56. 2334 (1986))

This excess of strange quarks should be reflected in the final hadron population »


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.48.1066
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Motivations

Strangeness enhancement is one of the key signatures of QGP :

ALICE

Increase of the ratio of (multi-)strange to non-strange hadron yields with the multiplicity of
charged particles produced in the collision

Strangeness enhancement in ALICE :

T B3
. ]
+ L] . . . .
O 1ISI=0 ® Smooth evolution with the multiplicity of
5 . B P e 2K IS| =1 charged particles across different collision
S 40100 —
g107: " mmmEmm, e S 1 systems (pp, p-Pb, Pb-Pb)
© T ]
o - D40 gy goope)  HS|=0 e Qi
S [ oo queepimieitht ’ (& 1I5=0 ¢ No dependence on the collision energy at LHC

i = UL A s IR N :

N ., ® More pronounced for hadrons with larger
10° ; n @****Q#Q (x12)-|S| =3
- of ] strangeness content
M #) Wm i
ALICE
i O pp,¥s=7Te | — 0
B (ﬁ# ALICE Preliminary [ J Sg,\E=173TTZV ] E(Q) > E(H) > E(A) 2 E(KS)
¢ p-Pb, |5, =8.16 TeV O p-Pb, {syy = 5.02 TeV
108 = ¥ XeXe, 5, =544 TeV (K2,E,Q) ¥ XeXe, [y =544 TeV (p, @) . .
C M POPD Ey=502TeV (G A SO W POPY, 5 =502 TeV (5,9) with E = the ogserved enhancement with
T e T T respectto (M7 + 7 )
(N /9105 Nature Physics 13. 535-539 (2017) 57



https://www.nature.com/articles/nphys4111
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Motivations

—
=

Ratio of yields to (t*+m)

—_
<
N

#@%Eﬂ 0 +Q" (x16)

ALICE
® pp, \s=13TeV
O pp,\s=7TeV
¢ p-Pb, \ Sy = 5.02 TeV
O Pb-Pb,\s,, =276 TeV
—— PYTHIAS8 + color ropes
------- HERWIG7
............. PYTHIA8 Monash

- e PYTHIA8 Monash, NoCR
10 - ey seniges ) ) ) | 1 [ | | —]

10 10° 16°
(dN_ /dlm)

Inl< 0.5

ALIC

Several phenomenological models qualitatively
reproduce this effect, but no unambiguous
explanation yet.

In order to get a better description of pp and AA
collision dynamics :

® Perform multi-differential measurements

® Compare them with QCD-inspired MC models

The starting point of our analysis is a prediction
from Pyth1a8 (with color rope and color shoving) .

® ¢ (ss) production increases in the presence of a
€2(sSs)

® The increase is greater when the ¢ (ss) is produced
close to a €Q(sss)

58

— due to stat. limitations, this will first be done with =


https://epjc.epj.org/articles/epjc/abs/2020/08/10052_2020_Article_8125/10052_2020_Article_8125.html
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Correlation method ALICE
p/m* /K*
1) Selection of the trigger particle(s) : A/ Kg
one = or {2 cascade candidate $(1020)/K* Ei/ﬂi
E::E/Q:E

2) Identification of all the ¢ (1020)
candidates (associated particles)

3) Correlation between the trigger
particle(s) and the associated

particles
Ay =yo — Yo
Ap = pa — ¢4
p N & p
y = rapidity -

o = azimuthal angle
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Correlation method $(1020)

1) Selection of the trigger particle(s) :
one = or €) cascade candidate

2) Identification of all the ¢ (1020)
candidates (associated particles)

3) Correlation between the trigger
particle(s) and the associated

particles p > p
Ay =yo — Y
Ap = pa — 4

y = rapidity

o = azimuthal angle
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IIT) Correlated production of strangeness : yield ratio measurement of ¢ (ss) to Q(sss)

2, Analysis details

61
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The dataset

Objective : measure the ¢ (1020) yield as a fct(Ay = y,-y,), using Run 2 data

e Data : Analyzed 7, pt, K, ¢(1020), K*, K%, A, 25, QF
e ~2.2x10” pp collisions at Vs =13 TeV
(LHC16 + LHC17 + LHCI18)
 Represents ~140 x 10° cascade candidates
e Event Selection :
¢ KINT7 = Minimum Bias (MB),
¢ Remove in bunch (IB) and out-of-bunch (OOB) pile up

¢ Primary vertex |z,,,| < 10 cm

J Analys1s task



https://github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/Cascades/Run2/AliAnalysisTaskStrangeCascadesTriggerAODRun2.h
https://github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/Cascades/Run2/AliAnalysisTaskStrangeCascadesTriggerAODRun2.h
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The analysis

e =/Q and ¢ (1020) will be studied in the following decay channel :

e T + 7—
=F 5 At — prat oot ¢(1020) - K™K
_____________________ o
QOFf - A KT - prt K* K-/K
ﬂ_:t
7_‘_:I:/[(:I:
____________ ﬂ/K_
A o— D $(1020) . .
-+ Qi “““““““ BR639% T B.R. 49.2%
:// S cr(A) = 7.89 om Pri:n vtx
o
Primvtx ~ B.R. 92-3;%
CT(E_ )R__67'_8%6m ¢ (1020) resonances are reconstructed by
cr(§2) = 2.461 cm pairing kaons, combinatorial background is

subtracted using mixed events
= /€2 are reconstructed using

topological selections

o Analy SIS IIl multlphClty (USlng VOM €Stlmat01' = multiplicity based on signal amplitude in the VO detectors)

Multiplicity class 1 IT I1 1AY \%

O/ GINEL>0 0-0.95% 095-4.7%  4.7-9.5% 9.5-14% 14-19%

(dNeh/dm) 21.3+£06 16505 135+£04 11.5+£03 10.1+£03

Multiplicity class VI VII VIII IX X 63
G/ GINEL>0 19-28% 28-38% 38-48% 48-68% 68-100%

(dNzp/dn) 8.45+0.25 6.72+021 540£0.17 3.904+0.14 22640.12 Phys.Rev. €99.024906 (2019)



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.99.024906
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The analysis

ALICE

e =/Q and ¢ (1020) will be studied in the following decay channel :
Ef o Rt o pot gt $(1020) = KK~
0F & A K=o prt K KoK
7T:|:
7_‘_:I:/[(:I:
____________ ﬂ /K~
A o— D $(1020) .-
Ei Qi ¢ B.R. 63.9% o B.R.49.2%
._// " ct(A) = 7.89 cm Prim vix
Prim vtx |5;-R-_92-§;/o
CT(E_ )R__ay'_g%cm ¢ (1020) resonances are reconstructed by
c7(Q2) = 2.461 cm pairing kaons, combinatorial background is

. subtracted using mixed events
= /€2 are reconstructed using

topological selections

o Analy SIS IIl multlphClty (USlng VOM €Stlmat01' = multiplicity based on signal amplitude in the VO detectors)

Multiplicity class 1 IT I1 1AY \%

O/ GINEL>0 0-0.95% 095-4.7%  4.7-9.5% 9.5-14% 14-19%

(dNeh/dm) 21.3+£06 16505 135+£04 11.5+£03 10.1+£03

Multiplicity class VI VII VIII X 64
G/ GINEL>0 19-28% 28-38% 38-48% 48-68% 8-100%

(dNzp/dn) 8.45+£0.25 6.72+0.21 540=x=0.17 0.14 22 2 Phys. Rev. C 99, 024906 (2019)
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p—

= selections

e X are reconstructed using topological selections

e VO selections

= Cut value
lyl <05
p, (GeV/c) [0.6,1.0,1.2,1.4,1.6,
1.8,2.0,2.2,2.5,2.9,34,
4,5, 6.5]
e (Cascade selections
DCA Bach To PV > (0.04 cm
DCA Casc daughters <130
Casc Radius > (0.6 cm
Casc Cos PA > (0.999
Proper Lifetime >3x491 cm

On-the-fly VO NO
DCA VO to PV > 0.04 cm
DCA Pos to PV > 0.03 cm
DCA Neg to PV > 0.03 cm
DCA V0 daughters <150
V0 Radius > 1.2 cm
VO Cos PA > 0.97
[VO Mass - A Mass| < 0.008 GeV /c?

e Track selections :

¢ |n| < 0.8
¢ TPC refit

¢ TPC Nbr Crossed Rows > 70
¢ TPC PID Nsigma < 3
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Q) selections

e () are reconstructed using topological selections

Q Cut value
yl <05 e VO selections
PO oA, ol On-the-fly VO NO
DCA VO to PV > 0.04 cm
e (ascade selections DCA Pos to PV > 0.03 cm
DCA Bach To PV > 0.04 cm DCA Neg to PV > 0.03 cm
DCA Casc daughters <l6o DCA VO daughters <160
Casc Radius > 0.5cm VO Radius > 1.1 cm
Casc Cos PA > (0.997 VO Cos PA > 0.97
|Casc Mass - = Mass| > (0.008 GeV/c? IVO Mass - A Mass| < 0.008 GeV/c?
Proper Lifetime >3 x2.46 cm

e Track selections :
¢ |n| < 0.8

¢ TPC refit
¢ TPC Nbr Crossed Rows > 70
¢ TPC PID Nsigma < 4
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»(1020) selections

ALICE

e Track selections : Kink topology NO
¢ Standard cuts 2011 » TPC Nbr Crossed Rows > 70 cm
TPC Ncr/Nfindable >=0.8
. Xrec <4
¢ TPC PID Nsigma <2 Status KITSrefit & KTPCrefit
¢ TOF PID Nsigma < 3 (only if Nbr Clusters in SPD >=1
track matches a hit in the TOF) DCAxy <0.0105 + 0.035 p, !
o |77‘ < 0.8 DCAz < 2cm
SetDCAToVertex2D kFALSE
* 0.15 < track) < 20 GeV/c
PT ( ) / SetRequireSigmaToVert kFALSE
cX
XTPC—CG2 < 36
. Lire <36
e ¢(1020) selections: s
¢ (1020) Cut value
|yl <0.5
p, (GeV/c) [0.4,0.8,1.2,1.8,2.6
3.4,4.2,5, 11]
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= and ) signal extraction

ALICE
e Background substraction for inv. mass analysis :

+ Fit with a modified gaussian + linear function (sigma and mean value used as
reference for bin counting)

¢ Signal region between +5¢ ; background region between
[—100; —50] U [+50; +100]

WORK IN PROGRESS  vOM Multiplicity Percentile 0-100% WORK INPROGRESS  vOM Multiplicity Percentile 0-100%
< o] 3y B %1 2
& 350 ' ® — D 18000 8 ‘ 8 =
8_ 4iip i,i é — 8 16000 L L;
g 0.60 <p, <5.00 GeV/c = = 5 0.60 <p, <6.50 GeV/c » >
o +2/NDF = 43534.00/50=870.680 S/B = 13.04 + 0.07 o 13000 +2INDF = 1829.17/50=36.583 S/B'=830+0.16
220 S/S+B = 0.93 +0.00 = S/S+B = 0.89 £ 0.00
3 S/NS+B = 1282.54 £ 0.92 3 12000 S/NS+B = 27365+ 0.95
© 200 S =1771053.0 + 1429.2 hits © S =183905.0 + 322.7 hits
B = 135831.0 + 368.6 hits 10000 B =10107.0 + 100.5 hits

IIl‘IIII|IIII|IIII|IIII|IIII|IIII|II

||||I||||||III||||||II|||||||I|||||||I

i
1
|
|
|
|
|

Data
150 Data 8000 o
— Fit Si
. 6000 ===+ Signal
100 S 0.6 < pr < 5) GeV/C Background 0.6 < pr < 6.5 GeV/C
Background 4000
% 2000
P P IR B Eeeeegege -~ " """ """ " - = = EEALEEE 0L LY R s P B O IS " " """ """ """ T 7 gty i R o B e T e e e e
1.28 1.29 1.3 1.31 1.32 1.33 1.34 1.35 1.63 1.64 1.65 1.66 1.67 1.68 1.69 1.7 1.71 1.72

1.36
Inv. Mass (GeV/c?)

Inv. Mass (GeV/c?)
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»(1020) signal extraction

e Two ways to compute background and substract it from the inv. mass :

Mixing pairs from 5 other different events Rotate the pairs from the same event
(Event Mixing) (Rotating)
APV, (Evty, Evtg)| <1 cm Take one of kaons and rotate it by 180 degrees
to break the correlation
|AVOM Percentile(Evt 4, Evtg)| < 10 %

WORK IN PROGRESS  VOM Multiplicity Percentile 0-100%
9000

8000

7000

6000

Counts per 1.00 MeV/c?

5000

4000

3000

2000

1000

TTTT IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|

0 1 L I 1 L 1 1 1 L 1 l 1 il 1 l L 1 L l il 1 1
1 1.02 1.04 1.06 1.08 1.1

Inv. Mass. (GeV/c?) 69
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»(1020) signal extraction

ALICE

e Two ways to compute background and substract it from the inv. mass :

4 Mixing pairs from 5 other different events )
(Event Mixing)

APV, (Evta, Evtg)| <1 cm

\|AVOM Percentile(Evt 4, Evtg)| < 10 %

J

WORK IN PROGRESS  VOM Multiplicity Percentile 0-100%

Counts per 1.00 MeV/c?

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

TTTT IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|

— same event K'K'

— mixed event KK’

1.06 1.08 1.1
Inv. Mass. (GeV/c?)

Rotate the pairs from the same event
(Rotating)

Take one of kaons and rotate it by 180 degrees
to break the correlation
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»(1020) signal extraction

e Compute background :

(Event Mixing)
APV, (Evta, Evtg)| <1 cm
\|AVOM Percentile(Evt 4, Evtg)| < 10 %

WORK IN PROGRESS  VOM Multiplicity Percentile 0-100%

4 Mixing pairs from 5 other different events )

J

9000

— same event K'K'
8000
7000 —— mixed event K'K’

6000

5000

Counts per 1.00 MeV/c?

4000

3000

2000

1000

TTTT IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|

0 1 1 I 1 1 1 I 1 1 1 | 1 I 1 I 1 1 I

1.08

| 1.
Inv. Mass. (GeV/c?)

ALICE
e Residual background substraction :

+ Fit with Voigt + 1t order polynomial functions

¢ Signal given by the sum of

bin counting in [1.005; 1.035] GeV /c?

e integral of the Voigt function on the rest of the

5000

4000

3000

2000

1000

invariant mass

WORK IN PROGRESS VOM Multiplicity Percentile 0-100%

0.40 < P, < 11.00 GeV/e
¥#/NDF = 91172.49/75=1215.633

$(1020)

S/B =-40167.69 + -nan
S/S+B =1.00 £ -nan
S/NS+B =200.42 +0.88

1.0050 Gev/e
1.0350 Gev/e

S =40167.7 + 203.0 hits
B =-1.0+-1.0 hits

Data

— Fit

= = = Signal

Background

III|II|I|IIII|IIII|IIII|I

1.08 1
Inv. Mass (GeV/c?)
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IIT) Correlated production of strangeness : yield ratio measurement of ¢ (ss) to Q(sss)

3. A first glimpse on the complexity of such a measurement
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Correct for = /€ background-¢ pairs avice

1) Selection of the trigger particle(s) :
one = or €) cascade candidate

2) Identification of all the ¢ (1020)
candidates (associated particles)

3) Correlation between the trigger
particle(s) and the associated

particles

Ay =yo — Yo

Ap = pa — @
y = rapidity

73
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Correct for = /€ background-¢ pairs avice

1) Selection of the trigger particle(s) :

. —_t 4 Signal (S)
one = or €) cascade candidate —> = / Y {

Background (B)

2) Identification of all the ¢ (1020)
candidates (associated particles)

3) Correlation between the trigger
particle(s) and the associated

particles

Ay =yo — Yo

Ap = pa — @
y = rapidity
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Correct for = /€ background-¢ pairs avce

1) Selection of the trigger particle(s) :

. —t , Signal (S)
one = or ) cascade candidate — = / Q-

Background (B)

2) Identification of all the ¢ (1020)

candidates (associated particles) |—p ¢(1020) ) Signal (S)

Background (B)

3) Correlation between the trigger
particle(s) and the associated

particles

Ay =yo — Yo

Ap = pa — ¢4
y = rapidity
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Correct for = /€ background-¢ pairs avice

1) Selection of the trigger particle(s) :

. —t , Signal (S)
one = or ) cascade candidate — = / Q-

Background (B)

2) Identification of all the ¢ (1020)

candidates (associated particles) |—p ¢(1020) ) Signal (S)

Background (B)

3) Correlation between the trigger

particle(s) and the associated ¢ (1020)

particles S B

Ay = ya — Yo S oS OB
— =t /0t

By = pa = ¢s 8| B B.B

y = rapidity o

© = azimuthal angle
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Correct for = /€ background-¢ pairs avice

1) Selection of the trigger particle(s) :

. —t , Signal (S)
one = or ) cascade candidate — = / Q-

Background (B)

2) Identification of all the ¢ (1020)

candidates (associated particles) |—p $(1020) Signal (S)

< Background (B)

3) Correlation between the trigger

particle(s) and the associated ¢ (1020)
particles S B
Ay = yo — Yo S oS OB
B0 Need t
Agp - e v /8 B B-S B-B }remoe\?e tl(l)ese
candidates

y = rapidity .

© = azimuthal angle



Counts per 1.00 MeV/c?
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Correct for = /€ background-¢ pairs avice

Signal (S)

=+ /0F $(1020)
Background (B)
S B
. S-S S-B
¢(1020) Slgnal (S) =t/ Need to
Background (B) B B-S B-B } remove these
candidates
WORK IN PROGRESS
350 _:—— p—
— e
: | S—
300 —
- 0.60<p, <5.00GeVic
L J2/NDF = 43534.00/50= 4+0.07
20— 93+ 0.00
— 1282.54 + 0.92 &=
200 — 53.0 +1429.2 hits %
o 1.0 + 368.6 hits S
150 — Data ;
- — Fit o &
100__ == = Signal ?[;g
E Background 4] g
;"T‘ﬁﬁ_ LR T L T - é ‘%
128 129 13 1.31 134 135 136 & E
Inv. Mass (GeV/c?) =5
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Counts per 1.00 MeV/c?
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Correct for = /€ background-¢ pairs avice

':i/ﬂi Signal (S) $(1020)
e
Background (B) o =
. S-S S-B
¢(1020) Slgnal (S) =t/ Need to
Background (B) B B-S B-B } rzr:ggiea ;Itlgsse
WORK IN PROGRESS )
350 _:—— —
- e
: el
300 —
- 0.60<p, <5.00GeVic
L J2/NDF = 43534.00/50= 4+0.07
Bop— 93 +0.00
— 1282.54 + 0.92 =
200 — 53.0 +1429.2 hits %
E 1.0 + 368.6 hits S
150f— - pat ;
Ed — Fit ~
100 __ = = s Signal é g
E Background 4] g
sof— § z
T T ARSI S L 2=
01 .28 1.29 1.3 1.31 1.35 1.36 %) E
Inv. Mass (GeV/c?) =5

Correlate =+/Q+ with a ¢ (1020) cand.
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Correlate =Z+/Q+ with a ¢ (1020) cand.




Counts per 1.00 MeV/c?

A Large lon Collider Experiment

Correct for = /€2 background-¢ pairs

ALICE

Need to

remove these
candidates

Ei/ﬂi Signal (S) $(1020)
Background (B)
S B
¢(1020) Slgnal (S) e + 55 5B
Background (B) B B-S B-B
WORK IN PROGRESS
u 4
= | — (Inv. mass of ¢ (1020) to be fitted)
300 _:—— ‘ b
o | . Inv. mass of ¢(1020) correlated
“E | ol . with a signal E+/Q+
o | 0 s —
150 :— Data ‘ E
E —n | 5 E Inv. mass of ¢ (1020) correlated
s __—_ o chnkaglround ‘ % E K With a
o= | £ t
. oo Ly T L é%
1.28 1.29 1.3 1.31 1.35 36 § E

5:/Q:

Correlate =+/Q+ with a ¢ (1020) cand.
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Efficiency correction

ALICE

e The quantity of interest is :
1 d?N, 1 d?N,(raw 1
¢ _ s (raw) X (A X € X B.R.)tyig. ¥
Nirig. dyde — NZ&¥ dydyp (AxexB.R.)y
What we are interested in What we measure
corrected quantity raw quantity
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Efficiency correction

e The quantity of interest is :

1 d2N¢ 1 d2N¢(I'aW) 1
= A B.R. )¢y
Nog dydp ~ Nozy dydp A BRwis X GRS R R,

\ \

N= or Ngq N= or Nq
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Efficiency correction

e The quantity of interest is :

1 d2N¢ 1 d2N¢(I'aW) 1
= A B.R. )¢y
Nog dydp ~ Nozy dydp A BRwis X GRS R R,

N \ \
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Efficiency correction

e The quantity of interest is :
1 d°N, 1 d2N, 1
¢ _ o(raw) X (A X € X B.R.)tyig. ¥
Nirig. dyde Ny dydy (A xexB.R.)y
\Ng or Nq \Ng or Nq 1/€er. (Z2) or 1/€csr. (2) \Geﬁ.(¢)

e For each p; bin, compute acceptance x efficiency x B.R. correction factors

(@) = Nrecol®) } Yrecol < Ymaz
Ngen(¢) |ygen’ < Ymax

7) + Nreco(ET)

Nreco(
7) 4 Neen(ET)

)= N

[1]
[I] [I]

Ceff (

e Numerator = Nbr of reconstructed particle associated to a generated one

+ From the reconstruction, as if it was with data

e Denominator = Nbr of generated particle
84

¢ From the MC truth, perfect information
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MC dataset ALICE

e Two MC datasets :

¢ Pythia 8, tune : Monash 2013
¢ 700 x 10° pp collisions at /s = 13 TeV (GP)
(anchored on all the periods of 2016+17+18)

o 12 x10° pp collisions at /s = 13 TeV enriched in Z and Q
(Only two periods : LHC17j + LHCI18i)

e Event Selection :

¢ Same as in real data
¢ KINT7 = Minimum Bias (MB),

¢ Primary vertex |z,,,|] < 10 cm

e Analysis task :
https: //github.com/alisw/AliPhysics/blob/master/PWGLE/STRANGENESS
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https://github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/Cascades/Run2/AliAnalysisTaskStrangeCascadesTriggerAODRun2MC.h
https://github.com/alisw/AliPhysics/blob/master/PWGLF/STRANGENESS/Cascades/Run2/AliAnalysisTaskStrangeCascadesTriggerAODRun2MC.h
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= and ¢ (1020) efficiency

E efficiency (Enriched) ¢ (1020) efficiency (GP)
o (5) = Nieco(27) + Nieco (ET) o (6) = Nreco(®)
off (=) = —— — —
Ngeﬂ(‘:‘ ) + Ngen(:+) ) Ngen(¢)
WORK IN PROGRESS WORK IN PROGRESS
/\0.35_— P B
(OO = ot el
5 = 5
- w
W 0.25 — e o
E — —= = E —=— ¢(1020)
0'25_ - - 015
0.15— +:t N
n 5 0.1f—=u=
0.05 f_ = LHC20i2b, pp 13 TeV 505 - LHC18j4, pp 13 TeV
05E ly] < 0.5 C lyl < 0.5
N T T T T Pl O U (R R B
1 2 3 4 5 6 2 4 6 8 10
p, (GeV/c) . (GeV/c)
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IIT) Correlated production of strangeness : yield ratio measurement of ¢ (ss) to Q(sss)

4.  Preliminary results
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First-stage results with = ?

e The yield of ¢ (1020) in events containing at least one Z, a function of Ay

¢ increases as the gap in rapidity wrt the =, Ay, reduces

¢ Reaches a maximum at Ay~0

WORK IN PROGRESS VOM Multiplicity Percentile 0-100%

pp Vs =13 TeV
y=] <0.5; [ys < 0.5

> 0.005
o
0.0045
(1]

Z 0.004

0.0035

1 dNg

0.003

0.0025

0.002

0.0015

0.001

LIIIIlIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

0.0005

1 1 | | I | | I | | 1 | | | | | i 1 11 I | | | | N 1 | | | | I N | 88
-08 06 -04 -02 0 0.2 0.4 0.6 0.8 1

Ay =y= — Ys

—
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Pair acceptance correction

e In this analysis, we make correlation between =/ and ¢ (1020)

ALICE

BUT not all the pairs are physically correlated !

— we also form pairs of uncorrelated : =/ and ¢ (1020)

e To assess the contribution of uncorrelated pairs of =/Q—¢ (1020), use an event
mixing technique :

+ Same mixing as for the resonances (i.e. same pool of matching events)

!

¢ Redo all the steps presented previously but with a =/€Q and ¢ (1020) coming
from two separate events

e Divide the previous yield ratio (i.e. =/Q-¢ (1020) same event)
by this distribution (i.e. £/Q-¢ (1020) from mixed events) 89
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Corrected results with =

e The corrected yield of ¢ (1020) in events containing at least one =, a function of Ay

¢ increases as the gap in rapidity wrt the =, Ay, reduces, for negative Ay

¢ Reaches a maximum at Ay~0, for negative Ay

"
g WORK IN PROGRESS VOM Multiplicity Percentile 0-100%
g N 24— ! ;
Z@ = . PP \/g =13 TeV |
[ I
=7 23 |y=| <05 |ys| <0.5 | |
| - |
. 0o |
T~ 21— i
- = !
= | 2 + | \
S| = | +
[1] 1 9:— :
-l 41
1.8— !
— |
— I
1.7— [ ‘
u ! :

1 1 1 | 11 | | 11 | | 1 1 1 | | | | I 1 11 I 1 1 | | 11 1 | | | 1 1 1 | 90
-08 06 -04 -02 0 0.2 0.4 0.6 0.8 1

Ay =y= — Ys

|
—_
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Corrected results with = e

e The corrected yield of ¢ (1020) in events containing at least one =, a function of Ay

¢ increases as the gap in rapidity wrt the =, Ay, reduces, for negative Ay
¢ Reaches a maximum at Ay~0, for negative Ay

+ Not sure what happened in these bins, still under investigation

>
z WORK IN PROGRESS NMultiplicity Percentile 0-100%
’ \ 24— I :
Z@ < - pp Vs =13 TeV | \
[ I
< | 2.3 |y=| <05 ; [y <05
[1] —
= 0o |
T~ 21 |
| |
© - '
= | 2 + | \
= | = l
Sl 1 i |
Z, - ;
1.8— !
1.7

— 1 | 1 | 11 | | 11 | | 1 1 1 | | | | I 1 11 I 1 1 | | 11 1 | | | 1 1 1 | 91
-1 -08 06 -04 -02 0 0.2 0.4 0.6 0.8 1

Ay =y= — Ys
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Corrected results with = Ic

e The corrected yield of ¢ (1020) in events containing at least one =, a function of Ay

¢ increases as the gap in rapidity wrt the =, Ay, reduces, for negative Ay
¢ Reaches a maximum at Ay~0, for negative Ay
— When a E is produced, the yield of ¢ (1020) is enhanced by almost a factor 2!

@
g WORK IN PROGRESS VOM Multiplicity Percentile 0-100%
N 24— : E
Zﬂ - - pp Vs =13 TeV .
— |
=7 23 |y=| <05 |ys| <0.5 | |
| - |
. 0o |
T~ 21— i
[ I
=12 of :
o — : + \
N I i
= ;
1.8 ]
— |
— |
1.7— | ‘ :
: I | | 1 1 I 1 | 1 | | | | i 1 1 | I 1 | | | 1 1 1 I | 1 | | | 1 1 i 92
—1 -08 -06 -04 -02 0 0.2 04 0.6 0.8 1

Ay =y= — Ys
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Corrected results with Ic

e The corrected yield of ¢ (1020) in events containing at least one €2, a function of Ay
¢ Is enhanced for |Ay| ~ 0
¢ Compatible with unity at large Ay
— The yield of ¢ (1020) is doubled, when produced close in rapidity to an 2!

»
= WORK IN PROGRESS VOM Multiplicity Percentile 0-100%
~~ = E
Z@ - - pp Vs =13 TeV |
< | 2 yal <05 |y, < 0.5
G N
—|Z 1.8—
N— B
™~ 16—
Sls
SIC 14
G -
™
< 12— I
e iy e e o St S
: 1 I L1 11 I L1 1 1 I L1 11 I L1 1 1 I L1 11 I L1 1 1 I L1 11 I L1 11 I L1 1 1 i 93
o o1 02 03 04 05 06 07 08 09 1
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Conclusion ALIC

e Goal : Measure the yield of ¢ (1020), focusing on events with at least one 2

¢ This measurement has been done using =
— demonstrates the feasibility of such a measurement

¢ ¢ (1020) production is enhanced when produced close to an

e The analysis is currently at the preliminary stage, very preliminary results

¢ Pair acceptance correction

¢ Efficiency correction

¢ Comparison with published individual dN/dp, MB results

e Next steps :
¢ Implement other corrections (¢ (1020) yield down to O py)

+ Estimate the systematic uncertainties

¢ Prepare the tools (Rivet) to make the comparison with MC models 94
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ALICE

IV) Conclusion and other activities o
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Other activities

e Service task

¢ Pre-alignement of the Inner Tracking System (ITS-2) (December 2021-June 2022)

— Provide the (half-)layers and (half-)staves positions before going for the full alignement
with the Millepede method

e Two analysis notes :

¢ Testing CPT theorem via the mass differences between anti-hyperons and hyperons with data
of LHC run II [link| — Work in progress

¢ Study of correlated production of strangeness via the measurement of the yield ratio of
and ¢ (1020) with pp data of LHC run II [link| — Work in progress

e Article

¢ Proceedings for Strangeness in Quark Matter 2022
— Publication by November 2022

96


https://www.overleaf.com/project/5e95bd942399d30001e080c5
https://www.overleaf.com/read/xncztmfwgskz
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Other activities

e Regular presentations

*

*

PWG-LF or PAG-LF every 3-4 months

Weekly meeting among international authors (Iouri Belikov, David Chinellato, Antonin
Maire, Romain Schotter, Kai Schweda, Georgijs Skorodumovs)

e Presentations at conferences

*

“A multi-differential investigation of strangeness production in pp collisions with ALICE” —
Strangeness in Quark Matter (Busan, South Korea — June 2022), invitation

“CPT Symmetry Test : Mass measurements of the = (dss) and € (sss) with pp data collected
with the ALICE detector during the LHC run II” — Assemblée Générale du GDR QCD (Ile
d’Oléron, France — Mai 2022), invitation

“CPT Symmetry Test : Mass measurements of the Z(dss) and Q (sss) with pp data collected
with the ALICE detector during the LHC run II” — Rencontres QGP France (Tours, France —
Mai 2022)

“Correlated production of strangeness : Measurement of the yield ratio of €2(sss) and (ss)
with pp data of LHC run II” — Rencontres QGP France (Etretat, France — Juillet 2021)

“CPT Symmetry Test : Mass measurements of the Z(dss) and Q (sss) with pp data collected
with the ALICE detector during the LHC run II” — Rencontres QGP France (Etretat, France —
Juillet 2021)



https://indico.cern.ch/event/1037821/contributions/4841800/
https://indico.in2p3.fr/event/25992/contributions/107959/
https://indico.cern.ch/event/1126979/contributions/4837083/
https://indico.cern.ch/event/887304/contributions/4409982/
https://indico.cern.ch/event/887304/contributions/4409979/
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Other activities

e (Communication

¢ Etonnante Chimie (IPHC, Strasbourg, France — 20 Mai 2022)

ALICE Collaboration
¢ French junior ambassador since the 15/09/2021

e [PHC

¢ Soon member of the Bureau Des Doctorants

e Teaching duties : 2 contracts of monitoring (2 x 64 hours)

¢+ TD Biophysique (L1 biologie — September-December 2020)

+ TP Biophysique (L1 biologie — January-April 2021)

¢ Introduction a Python (L2 Physique — September-November 2021)

¢ TP : Programming & Numerical Simulations (M1 Physique — September-November 2021)

¢ Projects : Programming & Numerical Simulations (M1 Physique — January-May 2022) 78
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Other activities

e Disciplinary trainings : 1/3

¢ Introduction to Quantum Science and Technology — 2021

¢ Lectures Group Theory - The 34th International Colloquium on Group Theoretical Methods
in Physics — July 2022 X

¢ To be defined... X

e Transversal trainings : 53/54h

+ Assemblée générale des doctorants 2020 : 2h

¢ Charte de déontologie des métiers de la Recherche : 3h

¢ Calcul Parallele : 21h

¢+ Econometrics of treatment effects and program evaluation : 9h

¢ MOOC Intégrité scientifique dans les métiers de la recherche : 10h

¢ Recruitment in academia: how to get a researcher or professor position in France : 1h30
¢ Vaccines in a Pandemic: From the Lab to the Jab : 1h30

¢ Congres des doctorants ED182 : Sh
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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
11161 . < 498.4/- i
= - < - ——
> B —— > -
= N == S —
= 1116 = o
~— B ~— 498.2— 0
% B —— A % B = KS
= 1115.9— o —o— Retrocorr. A = I sz .
E I i = A E 498 e —— Retrocorr. Kg
- Retrocorr. A -
1158 o= — -
F 3 497.8f
I 7.8
1115.7=%  mppg(A) - . E Be ¢
- = . 0
- dod :8: - e mppg (KS)
- e
15,6 o =gt —§od= WLOF ¥ o
B _éd'zéz‘ E e
I_ | | | | | | | | | | | | | | | | | | | | 1 | | 1 I_ | | | | | | | I | | | | | | | | | | | | | | | |
5 10 15 20 25 5 10 15 20 25

VO radius (cm) VO radius (cm) '%
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Cascade selections

e () are reconstructed using topological

e VO selections for = (Q)

selections DCA V0 to PV > 0.07 cm
DCA Pos to PV > 0.04 (0.03
=/Q Cut value 0510 ( ) cm
v <05 DCA Neg to PV > (0.04 (0.03) cm
/ : DCA V0 daughters <1.6cm
pT [1;5] GeV/c
V0 Radius >1.4cm
VO Cos PA > 0.97
IVO Mass - A Mass| < 0.006 GeV/c?
: e Track selections :
e (ascade selections
DCA Bach To PV > 0.05 cm e |n| < 0.3
DCA Casc daughters < 1.6 cm ¢ TPC refit + has TPC PID
Casc Radius > 0.8 cm
Casc Cos PA 097 ¢ TPC Nbr Crossed Rows > 70

|Casc Mass(Z) — = Mass|

< 0.010 GeV/c2

|Casc Mass(Q) — Q Mass|

< 0.010 GeV/c2

Fast detector signal

>= 1 daughter with ITS refit OR
TOF signal

Comp. casc rejection (only Q)

> (0.008 GeV/c2

¢ TPC PID Nsigma < 4
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10°

10*

e Events with more than 1 = represent ~ 2% of the total amount of events

A Large lon Collider Experiment

Nbr of cascades per event

Count

Entries

T T TTTTTT

—
[1]

I IIIIIIII

[ lIIIII|

IIII|

Std Dev 0.1815362 + 5.638228e-0¢
Underflow (
Overflow

Integral

[1]

P
3.—.
b

—_

1.5

2 2.5 3

N= per event

10°

10*

10°

Count

Entries
Mean 1.025978 + 0.0(

—
-,

Std Dev 0.075519 + 0.0C
Underflow

Overflow

Integral

2 Q)

—h

1.2

1.4

1.6

1.8

Ngq per event

e Events with more than 1 Q represent ~ 0.5% of the total amount of events

2
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»(1020) signal extraction

e Compute background :

(Event Mixing)
APV, (Evta, Evtg)| <1 cm
\|AVOM Percentile(Evt 4, Evtg)| < 10 %

WORK IN PROGRESS  VOM Multiplicity Percentile 0-100%

4 Mixing pairs from 5 other different events )

J

9000

— same event K'K'

8000
7000 —— mixed event K'K’
6000

5000

Counts per 1.00 MeV/c?

4000

3000

2000

1000

TTTT IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|

0 |

1.06 1.08

1.04

H_/
Scaling region

| 1.
Inv. Mass. (GeV/c?)

ALICE
e Residual background substraction :

+ Fit with Voigt + 1t order polynomial functions

¢ Signal given by the sum of

bin counting in [1.005; 1.035] GeV /c?

e integral of the Voigt function on the rest of the

5000

4000

3000

2000

1000

invariant mass

WORK IN PROGRESS VOM Multiplicity Percentile 0-100%

0.40 < P, < 11.00 GeV/e
¥#/NDF = 91172.49/75=1215.633

$(1020)

S/B =-40167.69 + -nan
S/S+B =1.00 £ -nan
S/NS+B =200.42 +0.88

1.0050 Gev/e
1.0350 Gev/e

S =40167.7 + 203.0 hits
B =-1.0+-1.0 hits

Data

— Fit

= = = Signal

Background

III|II|I|IIII|IIII|IIII|I

1.08 1
Inv. Mass (GeV/c?)
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A Large lon Collider Experiment

Check : = MB spectra

Ratio to MB data

WORK IN PROGRESS

107

T

¢
;
¢
¢

I IIIIIII|+
¢

T ||II|lI|

TTTTO LT T TITT IIIIIIIIIlIIIIlII

e Qur corrected spectra and the MB

one are compatible within + 5%

e Above + 5% at high p;

/

/" — Also observed in other analysis

1/
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https://indico.cern.ch/event/1070055/contributions/4499511/attachments/2300426/3912860/omega_summary_PAG_31_aug_2021.pdf

1 dN=

Nevt (ipT

A Large lon Collider Experiment

Check : & MB spectra high multiplicityirce

Ratio to MB data

1072

WORK IN PROGRESS
= VOM 0-1% comparison for E- + E+
e
L * o
L. = =
=
i —o—
— ——
- e
I M —
: .
- | | | L | |

.........................

II]IIIIlIIIIlIIIIlIIII|IIII||IIIIIIII|IIII|II
~-,

I

| 4|
—¢—
ra
Il
| 7l

|

|| |

I

|

I I‘

7

|

|

e Qur corrected spectra and the MB
one are compatible within + 5%

o The deviation at high p;
disappears when going to high
multiplicity events

— Also observed in other analysis
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https://indico.cern.ch/event/1070055/contributions/4499511/attachments/2300426/3912860/omega_summary_PAG_31_aug_2021.pdf

1 dNg
Nevt de

A Large lon Collider Experiment

Check : QQ MB spectra

WORK IN PROGRESS
167 | —
I i e QOur corrected spectra and the MB
one are compatible within + /- 5%
i . (for most bins)
16~ = —.. o—
- e There are deviations but this is
I * certainly coming from the official
| , o | | results, that used a more limited
1 1.5 2 2.5 3 35 4 4.5

data sample in 2 than us

i)

1.15

1.05

0.95

o
©

0.85

Ratio to MB data
_‘JIIII|IIII|IIII|IIII_|‘IIII|IIIIIIIII|IIII|III
I I

i
I
I
I
I
I
I
I
I
I
I
I
I

o
©

pr(GeV/c) 108
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