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The CBM detector

ToF
TRD lr"'l n-
. N,

CBM collab., EPJA 53 (2018) 60; update by T. Galatyul

ﬁlsmu CBM,

JPAHC Hi *_‘L 'ﬂ BP-%@AEM H

|
o
~J

[ TTION  © 1 T0Nedd

<

RICH | ety
Magnet - ‘\ T : - !
: :Ul

—i
<

R IIIIL

:qed-Tar_ et

‘s l

HIAFGE%_ au@ru s N

Enjﬁ .....%... ...;.......................g e, ........-..... ..;...-...;—.-..... -.: .; ..-...;. - —— . &

-

- P L sPHENX | .
.HAD: I B NI{:AHIPD ; . : | - D

o oom ™

H&EH‘EHIH

ETAH FHTI#( |

N
3;

10

L i ii||||||

10 20 30 100 200
Collision Energy s, (GeV

—l

—t LN R lllllll Frrnmn 0 |||||“L:_
| Collider i

M -
m |
"--..l -

- proposec

running ~~~-- approved / under constr.

\WVarsaw University
of Technology



Femtoscopy

Technique used to extract information about spatio-temporal structure of event
Base on two particle correlations

Correlation function defined as

C(q) _ P(Pl:Pz) _ Ncorrelated(Q)
P(P1)P(P2) Nuncorrelated(Q)

where q = qiny, = v (P1 — P2)? — (E; — E,)? (for nonidentical correlations we use k*=0.5 g)

p(x;,p;) — probablity of emission of i — th particle with momentum p at x
The CF can be also expressed as:

2
C(q) = | p(xq,p1)p (2, )P (1, P1, X2, 02) | dx1dx,

2
W (xq,p1, X2, 02) | = quantum statistic (identical particles only) + interactions
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Theoretical shape of the CF

Example: non-interacting identical bosons with

spin =0 2 ok — R=1fm
[ X A

p(x) = e <2R2> 2 - R=2 fm

_ AL) 1.8— -

p(x,p2)p(x2,p2) = p(Ax =x; —x) = e <4R2 E R=3 m

™ 1.6 1/R — R=4fm
= —

[W(Ax,Ap = q)|* = 1 + cos(Axq) g K —— R=5fm
C(q) O 1.4F
2 —
— fP(x1»P1)P(x2:P2)|LP(x1»P1:x2»192)‘ dx,dx, 1 2__

C(CI)=1+/1€_QZR2 1__...|....|....|....|....|....|....|...
0 50 100 150 200 250 300 350

q_ MeV/c
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Femtoscopy

How useful is this method?
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Femtoscopy

Femtoscopic measurements are sensitive to dynamics of the source:

Lack of collectivity

Collectivity

Femtoscopy doesn’t measure the actual
geometrical size of the source

We measure the ,homogeneity length” — the
range of the correlations !

Large k/m-

Small ky/m;

WVarsaw University k- —average transverse momentum of the pair ,m. — av. transverse mass of the pair
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Femtoscopy

One dimensional CF - measuring the ,general” size of the source
3-dimensional Femtoscopy (qiny = (Gouts Isider Giong))

Rside
Rout =R

Rong = lifetime of the source

~ geometrical size of the source

+ time of emission of the particles

side

\Warsaw University Z-beam axis
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Correlation femtoscopy study at energies available at the JINR Nuclotron-based lon Collider fAcility and the BNL Relativistic Heavy
lon Collider within a viscous hydrodynamic plus cascade model, Phys. Rev. C 96, 024911, 2017, P. Batyuk, lu. Karpenko, R.
Lednicky, L. Malinina, K. Mikhaylov, O. Rogachevsky, D. Wielanek
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Femtoscopy

R (fm)
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In Nuclear Dynamics

m;-m_(GeV/c?)
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Femtoscopy

Femtoscopy can be used for measurements of interaction between exotic particles:

h ¥

Known interactions

Known shape of source

Shape/size measurements Interaction measurements

»Abundand particles” ,Exotic particles” like

\Varsaw University like protons,kaons,pions lambdas, sigmas
of Technology
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Femtoscopy
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..but CBM is MUCH faster!
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Femtoscopy

3.3 A GeV ({5 =2.7 GeV)

5,
Pions Z 10
Z

« Abundant

« Easy for identification
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12 A GeV (\s\=4.9 GeV)

+ No problem with residual cor 10" e et T [
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Femtoscopy in CBM

* Requirements for femtoscopic measurements:
» Good identification of particles
e Good momentum resolution (remember: g;,,,, = p; — p,)

» Potential additional problems:
« Two-track effects
 Residual correlations

\Warsaw University
of Technology

14



Femtoscopy in CBM

correlation function
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Selection of particles

* DCA - selecting primary particles
» m2 - selecting given type of particles Probably secondary

« nHits - selecting particles with good quality

GlobalTrack(vtxb)
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Femtoscopy in CBM

Two-particle selection
 We have the merging and splitting

 They affect pairs of particles with low q(g;,,) but we cannot remove pairs of particles with low g -
we remove the correlation peak also!

 We need something like g but not ¢

\WVarsaw University
of Technology
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Two particle cuts

17—>R—>77*,¢—>R—>¢*
Adp™ = p1 — ¢, An" =11 — 13

-

— STS exit sep.
-, \ 4
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Femtoscopy in CBM

For simulations I used UrQMD model

UrQMD model doesn’t contain the Reconstructed
correlation effect, obtained CF is flat data

(tested on pure UrQMD model)

Aplly t.t. cuts
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Femtoscopy in CBM

Fraction of correlated pairs

C(CI) = N (1 T Acpurity (CI)

\Warsaw University
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Normalization

Fraction of desired pairs

Impurity

Cpurity(CI) =1 -

Fraction

1.2

0.8

0.6

0.4

0.2

Purity
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Femtoscopy in CBM - negative pions

STS Exit sep >0.00 cm STS Exit sep >0.50 cm
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----------------------------------------------------------------------
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----------------------------------------------------------------------
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. . The feasibility of the femtoscopic measurements in CBM experiment
\Va rsaw l'nlversrty Proceedings, Summer XLVI-th IEEE-SPIE Joint Symposium Wilga 2020 : Wilga, Poland, August 31- September 2, 2020

— D.Wielanek
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https://inspirehep.net/literature/1831326

Femtoscopy in CBM - negative pions

After analysis of 1M central
AuAu events 10 A GeV

-----------------------------------------------------------------------

inv
—
o

Systematic uncertainty is T .
estimated to be around 9-10% Y00 TS SRS WO N N |

CF(q )

--------------------------------------------------------------

1At P
| SRR CETRLRPRY O
0_9:_ .......................................................................
Realistic shape of source in CF X ESUUOOO AURSRUOOS SOSSURORRE USSR NOSOOOOE SO
Non-realistic shape of source - E E E E E E
el : 0.7+
in fitting fuction . 5 5 5 E i i
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The feasibility of the femtoscopic measurements in CBM experiment
Proceedings, Summer XLVI-th IEEE-SPIE Joint Symposium Wilga 2020 : Wilga, Poland, August 31- September 2, 2020
D.Wielanek
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Femtoscopy in CBM: protons

Similar sample of data - central AuAu collisions at 10 A GeV

Input parameters of source:
 Radius: 3.6 fm (estimated from UrQMD)

 A=1(all protons correlated)

\Warsaw University
of Technology
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Femtoscopy

Warning: in contrast to mesons, in baryon-baryon correlations there are significant residual
correlations. It means that instead of fitting CF by this formula:

Cexperiment (q) = Mpp (q)

We should you this equation: - B
Cexperiment = FppMpp(q) + Fpa(@)Mpa(q) + Fan(@)Mpp(q) + -+

where the M,y is contribution from X and Y baryons that decays in the protons, M denotes
~transformed CF”

\WVarsaw University
of Technology
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Femtoscopy of protons - WIP

The good news - there is no significant contribution from residual correlations in CBM!
Purity

— pprim + pﬁgrim

120

Fraction [%5]

100

80

60

A e s

0 0.02 0.04 006 0.08 0.1 012 0.14 0.16 0.18 0.2

\WVarsaw University q,, [Gevic]

of Technology

25



Anti splitting cut
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Results

* Obtained lambda - smaller than expected

0.65-0.7 instead of 1 R 1D Corrit
: : E- B R, 3.365:0.010

» Obtained radius - smaller than expected O 2.5 ‘0-5'="T'=°-3 [GE‘Wcll \ 0.685+0.010
3.27-3.37 instead of 3.6 fm - N 0.172+0.014

» Cuts need to be improved - the background 2r JINDF 1114 (20.053/18)
(CF without femtoscopic effects) is still not - ' '
completely flat o |

» The biggest source of systematic uncertainty 1= ﬁ;f;w e CF
- range fit - around 18% of R uncertainty - . CF wlo femtoscopic eff.

- More detailed studies are needed 05 1 Erred function

¢ ].M Of events Seems tO be enOugh for O_I [ 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 1 | L1 | | L1 1

0 0.02 004 006 0.08 0.1 0.12 0.14 0.16 0.18 0.2

cglculation of p-p porrelations at at least 3 k; : o eV
bins (stat. uncertainty R = 0.3%, A = 1.5% inv
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Summary & plans 2

 CBM will to be very good detector for pion measurements
» The feasibility study of proton-proton measurements - work in progress, looks very promising

» There is no significant contribution from residual correlations into proton-proton femtoscopic
measurements at studied energies

« TODO:
» ,Get the full picture” - 3D Femtoscopy, exotic particles, testing model predictions etc. ..
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Thank you for your attention

\Warsaw University
of Technology

29



\Warsaw University
of Technology

30



