Collision centrality determiantion - Kr + Kr 6

System: Kr + Kr +/ = 6 GeV, SMASH 3.3
Statistics: ~ 75 M events

Reference multiplicity (RefMult) is calculated as
a number of charged particles with |n| < 1.0 and
p; > 0.15 GeV/c.
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Centrality, % par:!\rr?'lg?g, fm gﬁllctelzaehnc(l:teV
0-5 0-2,5 98-174
5-10 2,5-3,5 81-98
10- 20 3,5-5,0 56-81
20-30 5,0-6,1 38-56
30-40 6,1-7,0 25-38
40 - 50 7,0-7,8 16-25
50 - 60 7,8-8,6 10-16
60 - 70 8,6-9,3 6-10
70-80 9,3-10,0 4-6
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Centrality determination Kr + Kr 6 GeV: reference multiplicity calculation
Mpum. Tabaunubl c MHTErpanamu B 63Kkane
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Centrality Reference multiplicity
% ! Inl <0.5 Inl <1.0 Inl <1.0
p; > 0.15 GeV/c | p, > 0.15 GeV/c | p; > 0.3 GeV/c
0-5 51-102 98-174 68-127
5-10 42-51 81-98 56-68
10-20 29-42 56-81 38-56
20-30 19-29 38-56 26-38
30-40 13-19 25-38 18-26
40-50 9-13 16-25 11-18
50-60 5-9 10-16 7-11
60-70 3-5 6-10 4-7
70-80 2-3 4-6 3-4
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2 108 +ansoe particles with:
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* |n] <1.0and p; > 0.15 GeV/c;
10° * |n] <1.0and p; > 0.3 GeV/c.
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Centrality determination Kr + Kr 6 GeV: reference multiplicity calculation
Mpum. Tabaunubl c MHTErpanamu B 63Kkane
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Centrality Reference multiplicity
% ! Inl <0.5 Inl <1.0 Inl <1.0
p; > 0.15 GeV/c | p; > 0.15 GeV/c | p, > 0.3 GeV/c
0-5 51-102 98-174 68-127
5-10 42-51 81-98 56-68
10-20 29-42 56-81 38-56
20-30 19-29 38-56 26-38
30-40 13-19 25-38 18-26
40-50 9-13 16-25 11-18
50-60 5-9 10-16 7-11
60-70 3-5 6-10 4-7
70-80 2-3 4-6 3-4
% 1 MASH Kr+Kr sy = 6 GeV Inl <1.0 . » Reference multiplicity (RefMult) is
1 p, > 0.3 GeV/c| 1 calculated as a number of charged
i particles with:
b e * |n] <0.5and p; > 0.15 GeV/c;
8] * |n] <1.0and p; > 0.15 GeV/c;
61 * |n] <1.0and p; > 0.3 GeV/c.
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Blast wave fits of identified hadron spectra - Kr + Kr 6 GeV

System: Kr + Kr -/ — 6 GeV, SMASH 3.3

Statistics: ~ 75 M events
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Track cuts:

* J|y|<0.1
* |n|<1.0

pr > 0.15 GeV/c

Charged hadrons: *, K*, p, p
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Kinetic freeze-out parameters Syster: Kr + Kr — = 6 Gey, Prfitranges

Statistics: ~ 75 M events K: 9-35 - 1.1 GeV/c,
p(p):0.6-1.1GeV/c

N : _ : 160
» Significantly lower and higher T;, comparing to the CKrKr Sy, = 6 GeV
UrQMD results -
150—
> = 0 for collision centrality 40-50%, 50-60%, 60-70%: I
probably something is wrong 1401 k
R & A
> 130 A
= A
Centrality, % (B B o0 o
d = 120 . .
0-5 0,2645+0,0008 | 125,7+0,2 |0,5000 + 0,0013 161,03 - ®e o
5-10 0,2490 + 0,0010 | 127,9+0,2 | 0,500 + 0,002 122,70 110
10-20 | 0,2237+0,0009| 131,3+0,2 | 0,500 + 0,002 183,85 - A SMASH
100—
20-30 N
0,1862 +0,0014 | 135,4+0,2 | 0,500 + 0,005 141,4 ~ e UrQMD
30-40 0’12910'002 140'210'2 0’5010’03 107'99 PN R T U N U M N U A A M AN W A SN AN N NN AT B A B AN A A
0 005 01 015 02 025 03 0.35
40-50 /(8,48 +9,09)e-08| 144,377 £0,012| 0,6+0,4 82,30 < B.>
.
50-60  |(1,88 +5,44)e-08| 142,318 +0,016| 0,9+0,6 65,53
60-70  1(2,00 +5,21)e-08| 140,209 + 0,005 | 0,7 +0,6 64,38




YMeHbLleHUe TO/IbKO BEPXHUX FPaHUL, AMana3oHa pT
— YMEHbLUEeHNE n ysenndenme T;, Ha 1-3%, pe3ynbtaTbl 61M3KM K UCXOOHbIM
YMmeHblueHue obeunx rpaHnl, gmanasoHa pT nam ymeHblUeHUe TONIbKO HUXKHe rpaHuLbl
— 3HauYMTeNbHOE yBENNYEHUE (Ha 15-30%, B 3aBMCMMOCTU OT LLEHTPA/IbHOCTU) N YMEHbLUEHNE Ty,
6113KMe pesynbTatbl B 060UX cayyanx

160
C Kr+Kr \s, =6 GeV
p; fit ranges 150
iy

® UrQMD m: 0.5 - 1.0 GeV/c, ” Aﬁ .

K:0.35-1.1 GeV/c, -
A  SMASH p(P): 0.6-1.1 GeV/c — E Ad A

0.5 - 0.9 GeV/ T 130F -
T 0.5 - 0. eVv/c —
’ E B

L SMASH | K:0.35-0.9 GeV[, = f T 2
yMF;HbLIJera p,oLé).9ﬂ|FaB/c ’ p( ﬁ ): 0.6-09 GeV/C |—x 120 A SMASH: default pT . f PY

m:0.5-0.9 GeV/c, E A SMASH: lower upper pT limits . ®
Ap SIIH{IA-?HM K: 0.2 - 0.9 GeVJ/, 1o | -
AmanasoHéB oo p( ﬁ ): 0.4-0.9 GeV/c - SMASH: lower both pT limits
A SMASH T 0.5 - 1.0 GeV/c, 100 :_ A SMASH: lower lower pT limits

K:0.2-1.1 GeV/c, -~ ® UrQMD: default pT
YMEHbLLEHbl HUXHUE rPaHnLLbI —
JANA30HOE :0.4'1.1GeV/C S I RN NN N SN NN N S A NV W AN SO SN NI M N A VAN B AR A
A a P(P) 0 005 01 015 02 025 03 0.35

[N NMOHOB HUXHIOK rpaHuMLy Anana3oHa pT He onyckana HuKe 0.5 MB/c, T.K. B cTaTbsax STAR’a u ALICE nuwyT, < BT >

yto npu pT < 0.5 MB/c BbICOKKUI BKNAA, OT MMOHOB, 06pa30BaHHbIX B pe3y/bTaTe pacnajos pe3oHaHCOoB



/\ | m05-1.0Gev/c, K:0.35-1.1GeV/c, p(P): 0.6 - 1.1 GeV/c /\ | m05-0.9Gev/c, K:0.2-0.9GeV/c, p(p): 0.4-0.9GeV/c | /

Centrality, % (B Centrality, % (B;)
0-5 0,2645 40,0008 | 125,7+0,2 (0,5000 + 0,0013 161,03 0-5 0,3105 + 0,0005 | 119,83 +0,13 | 0,500 + 0,002 189,53
5-10 0,2490 £ 0,0010 | 127,9+0,2 | 0,500 + 0,002 122,70 5-10 0,2974 + 0,0006 | 122,13 +0,14 | 0,500 + 0,002 135,81
10-20 | 0,2237+0,0009 | 131,3+0,2 | 0,500 + 0,002 183,85 10-20 | 0,2772 +0,0006 | 125,38+0,13 | 0,500 + 0,002 186,43
20-30 | 0,1862+0,0014 | 135,4+0,2 | 0,500 + 0,005 141,4 20-30 | 0,2472+0,0009 | 129,7+0,2 | 0,500 + 0,003 123,59
30-40 0,129 + 0,002 140,2 £ 0,2 0,50 + 0,03 107,99 30-40 0,201 + 0,002 135,4+0,2 | 0,500 + 0,010 81,41
40-50  |(8,48 +9,09)e-08| 144,377 +0,012| 0,6+0,4 82,30 40-50 0,133 + 0,003 141,7 £ 0,3 0,50 + 0,06 56,52
50-60  |(1,88 + 5,44)e-08|142,318 +0,016| 0,9+0,6 65,53 50-60 (8,28 +9,04)e-08| 145,850 + 0,002 | 1,1+0,4 36,00
60-70  |(2,00 +5,21)e-08| 140,209 + 0,005| 0,7+0,6 64,38 60-70 (4,9 +7,2)e-08 | 144,029 +0,002| 1,0+0,6 35,55
/\ | m0.5-0.9 GeV/c, K:0.35-0.9 GeV/c, p(P): 0.6 - 0.9 GeV/c /\ | T 05-1.0GeV/c, K:0.2-1.1GeV/c, p(P):0.4-1.1GeV/c
Centrality, % Centrality, % (B;) | T, MeV ‘ n ‘ X’/ NDF
0-5 0,2598 + 0,0014 | 128,6+0,2 | 0,500 + 0,007 117,76 0-5 0,3066 + 0,0004 | 118,20+ 0,10 | 0,500 + 0,003 231,94
5-10 0,249 + 0,002 131,0+0,3 | 0,500+ 0,012 87,68 5-10 0,2931 + 0,0004 | 120,45+ 0,12 | 0,500 + 0,005 171,86
10-20 0,218 + 0,002 134,4+0,3 | 0,500+0,011 128,63 10-20 | 0,2724 +0,0005 | 123,64 +0,10 | 0,500 + 0,004 247,54
20-30 0,178 + 0,002 138,9+0,3 0,50 + 0,03 94,31 20-30 | 0,2421 40,0007 | 127,71+0,13 | 0,500 + 0,008 177,80
30-40 0,096 + 0,006 145,0+0,3 0,5+0,4 67,12 30-40  |0,1980+0,0011 | 132,9+0,2 | 0,500 + 0,003 126,48
40-50 (9,97 + 8,78)e-08| 146,957 + 0,002 0,9+0,3 53,17 40-50 0,133 + 0,002 138,9+0,2 0,50 + 0,02 91,50
50-60 (1,77 + 6,89)e-08| 145,651 + 0,002 0,5+0,4 44,74 50-60 (1,99 + 1,74)e-07| 143,061 + 0,002 0,5+0,6 59,26
60-70  |(9,55 +9,17)e-08| 145,585 + 0,003 1,0+0,4 42,60 60-70 (3,33 £ 8,32)e-08| 140,264 + 0,002 1,2+0,6 55,17




Kinetic freeze-out parameters
Au + Au /.7 GeV

Pe3ynbTaTtbl PUTOB IKCNEPUMEHTANbHbBIX AaHHbIX MO CTONIKHOBEHUIO Au+Au Npu +/ =7 3B 6onee ctabunbHbI
NPU NM3MEHEHNN ANANA30HOB GUTUPOBAHUSA

180
- Au+Au \s\ =7.7 GeV
p; fit ranges 1601—
TM: 0.5-1.0 GeV/c, B l
A | K:0.35-1.1GeV/c, —
_ 140 el
P(p):0.6-1.1GeV/c < - [ AT — TSk
B A |
m: 0.5 - 0.9 GeV/c = R A i) W -
’ | 7
AT K: 0.35 - 0.9 GeV/c, = 1dp T2
BepPXHWE rpaHmLbl 4Mana3oHOB P — = AAN
ymeHbLueHa o 0.9 BB/c p( p ): 0.6-0.9 GeV/C |_¥ B l ! ' :
/\ | m0.5-0.9GeV/, 1001 e R 11908 T
p . K:0.2-0.9 GeV/c, N z zz:,:ndpl:bnihe: ys. Rev. C 96, 04490
N BEPXHUE, U HUXKHUE TPaHULbI - = - default p
Mana3oHoB MeHbLLEHbI :0.4-0.9 GeV -
8 Py P(P) /c 80— /A HEP: lower upper pT limits
/\ | 0.5-1.0GeV/c, - A HEP: lower both pT limits
YMEHbLLEHbI HUXKHME FPaHULbI K: 0.2-1.1 GeV/C' : A HEP: lower lower pT limits
aMA30HOE n ‘04-1.1 GeV/C R N SR S SR SR NN R TR N NN M M N B
g o P(P) 0.1 0.2 0.3 0.4
[N NMOHOB HUXHIOK rpaHuMLy Anana3oHa pT He onyckana HuKe 0.5 MB/c, T.K. B cTaTbsax STAR’a u ALICE nuwyT, < B >
yto npu pT < 0.5 MB/c BbICOKKUI BKNAA, OT MMOHOB, 06pa30BaHHbIX B pe3y/bTaTe pacnajos pe3oHaHCOoB T



/\ | m05-1.0Gev/c, K:0.35-1.1GeV/c, p(P): 0.6 - 1.1 GeV/c /\ | m0.5-09GeV/c, K:0.2-0.9GeV/c, p(B): 0.4-0.9GeV/c | °

Centrality, % (B;) ‘ T, MeV ‘ n ‘ X’/ NDF Centrality, % (B;)

0-5 0,471 +0,030 105+9 0,7+0,4 0,05 0-5 0,476 £ 0,016 108 +9 0,5+0,3 0,06
5-10 0,456 + 0,031 105 £ 12 09+0,4 0,04 5-10 0,446 + 0,021 117+ 8 0,5+04 0,05
10-20 0,399 £ 0,036 113 +8 1,3+0,4 0,05 10-20 0,423 + 0,023 114 +7 0,5+0,3 0,06
20-30 0,382 + 0,036 120+ 10 1,0+£0,4 0,06 20-30 0,405 + 0,051 113+7 0,7+0,3 0,05
30-40 0,356 £ 0,039 124 +9 0,8+0,4 0,05 30-40 0,360 +£ 0,031 129+7 0,5+04 0,05
40-50 0,336 £ 0,029 120+ 11 1,1+0,3 0,06 40-50 0,285 + 0,039 132+6 1,2+0,5 0,06
50-60 0,274 £ 0,026 129+8 0,8+0,3 0,08 50-60 0,248 +£ 0,063 138+ 7 0,5+£04 0,06
60-70 0,156 + 0,061 134 £ 15 4,7 +0,7 0,12 60-70 0,180 + 0,061 141 + 13 0,5+0,3 0,08
70-80 0,100 £ 0,040 139+7 1,0+£0,7 0,16 70-80 0,090 £ 0,046 144 + 8 0,5+04 0,2

/\ | T 0.5-0.9 GeV/c, K:0.35-0.9 GeV/c, p(P): 0.6 - 0.9 GeV/c

/\ | T 0.5-1.0GeV/c, K:0.2-1.1GeV/c, p(P): 0.4- 1.1 GeV/c

Centrality, % (B Centrality, % (B;)

0-5 0,471+ 0,048 108 + 7 0,5+04 0,04 0-5 0,477 £ 0,015 109 + 8 0,5+0,4 0,07
5-10 0,452 + 0,040 107 £5 0,8+0,5 0,03 5-10 0,453 £ 0,018 111+8 0,7+£0,5 0,06
10-20 0,397 £ 0,036 123+6 0,5+£0,3 0,05 10-20 0,425 + 0,018 109 + 7 1,0+0,6 0,06
20-30 0,390 £ 0,037 113+7 1,1+0,5 0,04 20-30 0,410 £ 0,030 107 +6 1,1+0,5 0,06
30-40 0,354 + 0,038 127 +6 0,5+0,4 0,03 30-40 0,364 £ 0,038 127 +9 0,5+0,4 0,06
40-50 0,337 £ 0,030 124 +5 0,5+0,3 0,04 40-50 0,303 £ 0,041 124 +7 1,7+0,7 0,08
50-60 0,241 + 0,055 127 +5 2,8+1,2 0,04 50-60 0,263 £ 0,034 135+8 0,5+0,4 0,09
60-70 0,180 + 0,023 133+6 30+1,3 0,06 60-70 0,210 £ 0,050 137 +6 0,5+0,3 0,13
70-80 0,080 £ 0,033 141 +7 1,2+0,3 0,11 70-80 0,100 £ 0,039 141+ 8 0,5+0,4 0,2




Pe3ynbTaTthl, onybankoBaHHble Konnabopauuyen STAR
Phys. Rev. C 96, 044904
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pT-spectra of identified hadrons (particles): SMASH vs. UrQMD - Kr + Kr 6 GeV

System: Kr + Kr -/ = 6 GeV
Track cuts:
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pT-spectra of identified hadrons (antiparticles): SMASH vs. UrQMD - Kr + Kr 6 GeV '~

System: Kr + Kr -/ = 6 GeV
Track cuts:
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Reference multiplicity comparison: SMASH vs. UrQMD

System: Kr + Kr +/ = 6 GeV

E 2 RefMult = number of charged particles
= % 10-2L- — UrQMD 3.4 with |n] < 1.0 and p; > 0.15 GeV/c
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SMASH config file for Kr+Kr collisions at +/ =6 GeV

General:
Modus: Collider
End Time: 200.0
Delta Time: 0.1
Randomseed:
Nevents: 100

Output:
Particles:
Format: ["O:
Only Final:
Extended: T

Mod1i:
Collider:
Projectile: {Particles: {2212: 36, 2112: 48}}
Target: {Particles: {2212: 36, 2112: 48}}
Sqrtsnn: 6
Impact:
Sample: adratic
Range: [0.0, ]
Random_Reaction Plane:
Fermi_Motion: "frozen'

15



Centrality determination using reference multiplicity distribution
Inl < 1.0, p; >0.15 GeV/c

Kr + Kr / = 6 GeV,

SMASH 3.3

Inl <0.5, p, > 0.15 GeV/c

Centrality, % Re.fefe'nce Cumulative Percent
multiplicity, fm percent

0-5 51-102 0,04942 0,04942
5-10 42-51 0,09778 0,04836
10-20 29-42 0,19554 0,09776
20-30 19-29 0,30602 0,11048
30-40 13-19 0,40084 0,09482
40-50 9-13 0,48809 0,08725
50-60 5-9 0,61888 0,13079
60-70 3-5 0,72521 0,10633
70-80 2-3 0,80163 0,07642

Centrality, % Re.fet.'e.nce Cumulative Percent
multiplicity, fm percent
0-5 98-174 0,05088 0,05088
5-10 81-98 0,10017 0,04929
10-20 56-81 0,19857 0,0984
20-30 38-56 0,2999 0,10133
30-40 25-38 0,40353 0,10363
40-50 16-25 0,50659 0,10306
50-60 10-16 0,60728 0,10069
60-70 6-10 0,70943 0,10215
70-80 4-6 0,78554 0,07611
Inl <1.0, p; > 0.3 GeV/c
Centrality, % Re'fefe'nce Cumulative Percent
multiplicity, fm percent
0-5 68-127 0,04825 0,04825
5-10 56-68 0,09802 0,04977
10-20 38-56 0,20163 0,10361
20-30 26-38 0,30124 0,09961
30-40 18-26 0,39326 0,09202
40-50 11-18 0,50865 0,11539
50-60 7-11 0,60726 0,09861
60-70 4-7 0,72167 0,11441
70-80 3-4 0,77688 0,05521




Centrality determination Kr + Kr 6 GeV: bin width of the impact parameter distribution

120010° _ Bin width, fm | 0.1 0.2 0.3 0.4
Changing the bin width £ | Sg‘:lsvl'\'l;(;f V_SNS =16f(:rfv 7 Centrality, % Impact parameter, fm
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Centrality determination: bin width of the impact parameter distribution

Kr + Kr +/ =6 GeV,

SMASH 3.3

Bin width = 0.1 fm Bin width =0.2 fm
. Impact Cumulative . Impact Cumulative
Centrality, % Percent Centrality, % Percent
parameter, fm | percent parameter, fm | percent
0-5 0,0-2,4 0,04799 0,04799 0-5 0,0-2,4 0,04799 0,04799
5-10 2,4-3,5 0,10201 0,05402 5-10 2,4-3,4 0,09627 0,04828
10-20 3,5-4,9 0,20004 0,09803 10-20 3,4-4,8 0,19197 0,0957
20-30 4,9-6,0 0,29989 0,09985 20-30 4,8-6,0 0,29989 0,10792
30-40 6,0-6,9 0,39663 0,09674 30-40 6,0-7,0 0,40823 0,10834
40-50 6,9-7,7 0,49407 0,09744 40-50 7,0-7,8 0,50685 0,09862
50-60 7,7-8,5 0,60193 0,10786 50-60 7,8-8,4 0,58799 0,08114
60-70 8,5-9,2 0,70455 0,10262 60-70 8,4-9,2 0,70455 0,11656
70-80 9,2-9,8 0,79434 0,08979 70-80 9,2-9,8 0,79434 0,08979
Bin width = 0.3 fm Bin width = 0.4 fm
Centrality, % Impact Ll Percent Centrality, % Impact S Percent
parameter, fm | percent parameter, fm | percent

0-5 0,0-2,4 0,04799 0,04799 0-5 0,0-2,4 0,04799 0,04799
5-10 2,4-3,6 0,108 0,06001 5-10 2,4-3,6 0,108 0,06001
10-20 3,6-4,8 0,19197 0,08397 10-20 3,6-4,8 0,19197 0,08397
20-30 4,8-6,0 0,29989 0,10792 20-30 4,8-6,0 0,29989 0,10792
30-40 6,0-6,9 0,39663 0,09674 30-40 6,0-6,8 0,38522 0,08533
40-50 6,9-7,8 0,50685 0,11022 40-50 6,8-7,6 0,48131 0,09609
50-60 7,8-8,4 0,58799 0,08114 50-60 7,6-8,4 0,58799 0,10668
60-70 8,4-9,3 0,71945 0,13146 60-70 8,4-9,2 0,70455 0,11656
70-80 9,3-9,9 0,80905 0,0896 70-80 9,2-10,0 0,82321 0,11866




Centrality determination Kr + Kr 6 GeV: impact parameter range used for modeling

Changing the impact parameter range used for modeling collisions leads to 0.1 fm difference in centrality borders
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Centrality determination: bin width of the impact parameter distribution

Kr + Kr +/ =6 GeV, Kr + Kr / =6 GeV,

SMASH 3.3 SMASH 3.3
Impact parameter = [0., 12.0] fm Impact parameter = [0., 14.0] fm

Centrality, % para:nr:mzz::, £ Cupr:::clzrt‘ltve Percent Centrality, % parallnr:\Z::, fm Cupne\:xcl ::tve Percent
0-5 0,0-2,4 0,04799 0,04799 0-5 0,0-2,5 0,05072 0,05072
5-10 2,4-35 0,10201 0,05402 5-10 2,5-3,5 0,09963 0,04891
10-20 3,5-4,9 0,20004 0,09803 10-20 3,5-5,0 0,20358 0,10395
20-30 4,9-6,0 0,29989 0,09985 20-30 5,0-6,1 0,30288 0,0993
30-40 6,0-6,9 0,39663 0,09674 30-40 6,1-7,0 0,39804 0,09516
40-50 6,9-7,7 0,49407 0,09744 40-50 7,0-7,8 0,49413 0,09609
50-60 7,7-8,5 0,60193 0,10786 50-60 7,8-8,6 0,6 0,10587
60-70 8,5-9,2 0,70455 0,10262 60-70 8,6-9,3 0,70076 0,10076
70-80 9,2-9,8 0,79434 0,08979 70-80 9,3-10,0 0,80172 0,10096




