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Hyperon yield in 4A GeV Au+Au:
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Goal and tasks of the job

Goal of the job:
To develop an effective procedure for A° signal extraction, which will allow us to estimate the
production cross section in the A° —p + m~ decay channel and the A° yields formed in the

interaction of heavy ions with the nuclei of solid targets.

Tasks:

o To get the efficiency of signal reconstruction in the MC.

o To plot the mass distribution A° — p + 7~ with efficiency w; over the kinematic range ( p;Y).
o To Define kinematic areas with low reconstruction efficiency w; .

o Perform measurement of areas of low efficiency using the GQSM model.

o To estimate the number of extracted signal by the fitting method.

o To obtain the cross sections and yields in C+A (4, 4.5AGeV) reactions.




Study of the A hyperon

In the BM@N experiment

o BM@N can only register charged particle signals in the run6 configuration.
o The main focus is on the decay A — pn- with a decay probability of 64%.

T T
i S T
cr = 7.89 cm

Baryon charge B= +1
strangeness S=-1
Coulomb charge Q=0
A - pr~ BR = (63.9 £ 0.5)%
A - pr® BR = (35.8+ 0.5)%

o The A-decay is reconstructed by its invariant mass: m;,,,, = \/ (E, + Ex-)?—(0, +D07)%,

o The equation includes the moments of the decay products p and n- and the opening angle of their direction vectors
at the decay vertex;

The parameters set the limits of the analysis:

o Detector acceptance, momentum, and angular resolution (defines mass resolution);

o Primary and secondary vertex reconstruction, providing tools for background separation;




Setup scheme (spring 2017) Kinematic measuring range:

0.1 < pr < 1.05 GeV /c o Y
4AGEV: 1.2 <ypp < 2.1

45AGeV: 1.25<y;q, <2.15 0 Analyzing magnet

1 . MWPC
2 . ST (Silicon Tracker)
5 3 Bl cem .
4 [ ToFi(mRPC) Event topology:
5 M ocH PV — primary vertex
8 B Tor2mreC) V0 - ve_rtex of hyperon decay
dca — distance of the closest
7 W =oc

approach
path — decay length

Criteria for the selection of A-hyperons :

v’ Each track has at least 4 of the 6 hits in (GEM);

A decay reconstruction in Central tracker(Si+GEM) v Ppos < 3.9(4.4) GeV/c for a beam energy of 4 (4.5)
iIn C+A Interaction AGeV;
C+A—X,A:C,Al Cu,Sn,Pb

- v Preg > 0.3 GeVic;
Gas Electron Multiplier (GEM) system:
To measure momenta of a charged particle and
reconstruct the interaction point

v dca<1lcm;
v Distance between the decay vertex V, and the primary
vertex: path > 2.0 - 2.5 cm (target dependent).

*K. A. Alishina, Yu. Yu. Stepanenko, A.Y Khukhaeva” Gem residuals corrections in monte-carlo simulation for the run 6 at the BM@N experiment”,
PEPAN letters — volume 19,part 5, 2022
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Procedure in MC modelling(QGSM) M@Y

1. Divide the kinematic measuring range by y, p; into (8x8) cells in the MC simulation;

Kinematic measuring range: | h18 | h28 | h38 | h4a8 | h58 | hes | h78 | hss |
0.1 < pr < 1.05 GeV/c | h17 | h27 | h37 | h4a7 | h57 | h67 | h77 | h87 |

| hi6 | h26 | h36 | hd6 | h56 | he6 | h76 | h86 |

AAGeV: 1.2 <ypp <2.1 | h15 | h25 | h35 | h4a5 | h55 | h65 | h75 | h85 |
| h14 | h24 | h34 | h44 | h54 | he4 | h74 | h8a |

4.5AGeV: 1.25 < yq, <2.15 | h13 | h23 | h33 | h34 | h53 | h63 | h73 | h83 |
| h12 | h22 | h32 | h42 | h52 | h62 | h72 | h82 |

| h11 | h21 | h31 | h4l | h51 | h6l | h71 | h8l |

C+A - X,4.0(4.5)AGeV

2. To get the number of events generated by the MC;
3. Fit with function (*) the 8x8 matrix cells of the MC for the reconstructed events with A.
Function for background estimation:

| fiog = N-(x— MpA e B~Mo) | (*)

Where N, A, B are free parameters of the fitting function, M, = 1.078 I'sB/c?, x is the mass
value.
4. To get the weight of each cell: w; = MGy ;/MCyep i, Where MC,... ; is the number of extracted
MC signal (step 3), MCy,p, ; is the number of events generated by the MC;




QGSM generated A's for P
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Distribution of the reconstructed signal in the MC %@9
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3 C+Cu, Tkin = 4 AGeV
2 2.1
rapidity
3 C+Cu, Tkin = 4.5 AGeV
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Reconstruction efficiency A’s for P(y) %\

.

C+Cu, Tkin = 4 AGeV

.

C+C, Tkin = 4 AGeV
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Set the boundary w; = 0.01 - cells below this boundary are discarded.




Extrapolation procedure from simulated data \%

Let's highlight the areas where cells have been discarded from consideration (Purple rectangles);
Sum all the cells in two neighboring columns by the rapidity y;
Sum the cells in which the efficiency w; = 0.01 ;

. . N
To obtain extrapolation factors by the formula : fextrconlz O N contary |

o O O O

Naiia+b) —sum of all generated events in paired columns(a,b) by y; Neon(a+p) —Sum of all considered in paired columns (a,b) by y;
o Multiply f,ytrcon DY the content of the histogram M;,,,,(A = pm™) in the data for the kinematic respective region;

o  To obtain distributions M;,,,,(A = pm™) to estimate the number of reconstructed A - hyperons;

Pr, Gevic QGSM model

17278 11615 8506 4130

31263 21845 16549 9012

42488 32460 24560 13419

0.6
108917 103144 60322 46504 38765 21579

0.5
66377 62267 55220 46641 41336 25124

0.4
64961 60226 54927 47482 46106 30235

0.3
53885 51550 49826 43232 44639 31789

0.2
37589 35846 34406 31123 32861 24547




extrapolation factor

extrapolation factor

25 12-145 1088598 544793 14981
- 145-165 634805 531683 11939
g 1.85-21 239136 237004  1,04089
155 C+Cu; 4 AGe
F
0.5:
0 [1.20. 1.45] (1.45, 1.65] 1.85, 2.10]

rapidity
o 125-1.50 1468685 821802  1,7871
e 150-17 906647 874034 10379
2
L5k C+Cu, 4.5 AGeV
e
0.5/
h:

[1.25, 1.50]

[1.50, 1.70]
rapidity

extrapolation factor

extrapolation factor

Extrapolation from the QGSM model

35E Natca+b) Neon(a+) fextreon
3i 12-145 712131 350706 2,0305
o 1.45-1.65 497063 455375 1,0915
2-5; 185-2.1 245509 243472 1,0088
5 L
- C+C, 4 AGeV
1.5F
1f ®
o.sf
0 — [1.20, 1.45] [1.45, 1.65] [1.85, 2.10]
rapidity
251 1.25-150 951766 656379  1,450025
N 150-17 698702 673501 1,037418
2r 1.90-2.15 387299 383360 1,010275
151 s -
B C+C, 4.5 AGeV
4= .
0.5
O [1.25, 1.50] [1.50, 1.70] [1.90, 2.15]
rapidity



One-dimensional mass distribution

of the A° - pr~ (DATA)

35000 :
- C+C, Tkin = 4 GeV
30000— Procedure in DATA C+A —» X
25000:_ 1) Splitthe area by y, p; into smaller cells in DATA (8x8);
5 2) Apply cuts on the efficiency w; = 0.01;
= 3) Plot mass histogram with weight of 1/w;;
20000/ , ? ] : .
- % 4)  Applying extrapolation;
15000:_% i’;?,";'sszg}"‘” -~ 1 5) Sum the cells by Zij yij and by Zij pTij
j} Backgrounqi 157884
10000} Numb. of A" = 30672
= Reaction 5|gnal
1.08 1.09 1.1 1 11 1 12 1 13 1 14 1 15 1 16 1 17 40AGeV 30672
5 24000 C+C, Tkin = 4.5 GeV 20200
22000[
20000—
18000 o A signal width ~ 2.0 - 4 MeV/(due to low statistics);
160005_ o Signal = hist — Background(bg) in 1107.5-1125 MeV/c?;
- % o Background — 4th polynomial(Blue dashed);
14000— _ . — -
o000k mess- @ T o errGstan) = Tws
1 Background, 151703
ac
1000011 Numb, of A® = 20200
8000
6000— L Mg [GeVie ]

Illl\
1.08 1.09 1.1 111 112113114115116117118




One-dimensional mass distribution

of the A° - pr~ (DATA)

» 120719
5 B C+Cu, Tkin = 4.0 GeV
© 110 :
OE Procedure in DATA C+A = X
100;_ 1) Splitthe area by y, p; into smaller cells in DATA (8x8);
90 2) Apply cuts on the efficiency w; = 0.01;
= % 3) Plot mass histogram with weight of 1/w;;
805_ t 4)  Applying extrapolation;
70 ;_i g%ﬁai iy 5) Sumthe cells by ¥;;y;; and by %.;; pT;j
60k All, 810798 i
4 Background, 734503
- Numb. of A" = 76295
o0 Reaction 5|gnal
T
o8 100 114 1.11 1.12 1.13 1.14 1.15 1.16 1.17 40AGeV 76295
. 180710’ :
C+Cu, Thin = 45 GeV
° 160/
140 o A signal width ~ 2.0 - 4 MeV/(due to low statistics)
e o Signal = hist — Background(bg) in 1107.5-1125 MeV/c?
120 o Background — 4th polynomial(Blue dashed)
- =g o err(stat) =D, w;
1001 | Sigmé = 0.0028 + | * (stat) 2 Wi
- All, 969621 R
80_— i Backgrounc% 856217
B Numb. of A" = 113404
B 2
60;‘ y kg | (p+7tP [GeV/C ]
108 1.09 14 141 142 113 1.14 115 1.16 117




Cross sections and yields of the A — pa

The inclusive cross section 6, and Y, of A hyperon in C+A interactions are calculated in bins of y (pT)
according to the formulae:

0y ()’) = Zy[Nr{lec(y: pT)/erec(yr pT) " Etrig * Epileup * L] (**)
oa(pr) =2 pT[N‘r{lec(y' pr)/Erec(Y, PT) * €trig " €pileup * L] (**)

Y, (y ) = 04(¥)/Oiner (***)

Ya(pr) = 04(01)/0iner (***)

where L is the luminosity, N2 . is the number of recontacted A-hyperons, ¢,.. is the combined efficiency of the
A - hyperon reconstruction, &, is the trigger efficiency, &,y is the suppression factors of reconstructed
events, o, - IS the cross section for minimum bias inelastic C+A interactions.

Beam kinetic energy 4.0 GeV

Target C+C C+Cu
Yields total(preliminarily) 0,0112+0,0011(stat) 0,0302+0,0023(stat)

Target C+C C+Cu
Yields total(preliminarily) 0,012+0,0015(stat) 0,0366x0,0028(stat)




Summary and plans

Done:

v" The A° reconstruction efficiency was determined in each of the 64 cells for C+A reaction
separately in MC.

v" Cells with w; < 0.01 were identified and excluded from the analysis.

v An extrapolation procedure was developed and applied to measure regions with w; < 0.01.

v" Mass distributions A° were obtained with weight w; for each cell out of 64 in the MC and
physical data.

v" Preliminary results on the computation of yields and cross sections were obtained. C+C,
C+Cu (4, 4.5) results are reported.

Plans:

Obtain final results taking into account systematic error.

To apply the skills obtained in the analysis of Xe + Gsl.
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