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Efficiency correction

v Efficiency correction on cumulants has been established.

- A. Bzdak and V. Koch : PRC.86.044904, PRC.91.027901, X. Luo : PRC.91.034907
- M. Kitazawa : PRC.86.024904, M. Kitazawa and M. Asakawa : PRC.86.024904

v They are derived via simple relationship between true and
measured factorial moments based on the binomial model.

N : true particles, M : measured particles
g : efficiency, F : true factorial moment
f : measured factorial moment, a(b): index for (anti)particle

+ Factorial moment - 4+ Binomial distribution

fab = 2 bp(M M) )(M ik N a_b
Fon = RIEIeD

N=a N=p

measured cumulant |=—$| measured factorial moment

just divide by efficiency

corrected cumulants |« corrected factorial moment
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Efficiency bin
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In case of many efficiency bins...

1 eff. bin 2 eff. bins : 412 terms

ka(AN) = (((frooo/€1 + for00/€2) + T(fa000/€% + frroo/€1/€2 + fir00/€1/€2 + Foroo/€3) + 6(f3000/€3 + for00/€%/e2 +

H4(AN) = (((flo/sl) + 7(f20/5%) + 6(f30/5:%) + (f40/€‘11) - 4(f10/61)2 - J2100/€3/€2+ fi200/€1/€3 + Faroo/€3/€2 + frao0/€1/€5+ fiz200/€1/€5 + fosoo/€3) + (f1000/€1 + F3100/€3 /€2 + Far00/€3 /€2 +
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3(f20/5%)gflo/sl)(f01/52)+3(f11/51 /52) (flO/El)2_3§f10/51)32(f01/52))+6(gf112/51/52)+ ?100?523 —3((ff1000/51/+f01(;)/52/) )/ ((f;()l()//sl//Ed7f1001%51//547f01/10/52;53‘§'/f01;1/;2/54} (f}ooo//&ffou}]/&}(f(}010/€3+

— — 0001/€4)+3(J2010 51 €3+ J2001 51 €4+ J1110/€1/€2/ €3+ F1101/€1/ €2/ €4+ 1110/ €1/ €2/ €3+ J1101/ €1/ €2/ €4+ Jo210 52 €3+
(f12/81é€2) 2(f11/51/52)(f05/52)+(flg/51)(f01/52) +(f21/51/€2)+(f22/€12/62) f0201/52/54) - 3(f2000/51 + fii00/€1/€2 + fiio0/e1/€2 + fozoo/ez)(foow/&s + fooo1/€4) + (delO/El/Ed + f3001/€1/€4 +
2(f21/61/52)(f01/52)+(f20/51)(f01/€2) —2(f11/51/62)(f10/51)—2(f12/51/52)(f10/51)+ for10/€3/€a/€s+ Faro1/€2/€2/€a+ for10/€3 /€2 /€5 + Foror/€3/E2/€a+ fr210/€1/€3/ €5 + Fraor/€1/€5/€a+ Forr0/€3 /€ /e +
4(f11/€1/52)(flO/El)(f01/§2)_3(f10/51%2(f01/€2)2+(f10/51)2(f01/5(2)+(f02/2€%)(fl}J/E)l)z)— {2101//51/52/54 +/f12/10/€1/53/€; +/f1101/€1/€;/€; + f1;10/€/1/€/g/€s 4}f12(}1/€/1/62/€f4 +/fod}0/52/? +/f030(1]{%/7)
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f - I I }02001;51)/54 *(-fum//El/Ez]{Es7f1}01/61/f~€z/6}1 +/f1110/6fl/62//53)?}f110/1/61/5}/€47f())210/622(/;3 +/f02;1/52/~';4)(f;010//63+
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J Number o terms draStlca y f0110/52/53+f0101/52/64)(f1000/61+f0100/52) 2(f1020/51/63—:f1011/51/63/E4+f1011/51/€3/54+f1002/61/E4+f0120/52/83+
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= 0102/€2/€1) + (f1030/€1/€3 + Jro21/€1/€53/€4 + Jr021/€1/€5/€4 + Jro12/€1/€3/€5 + fr021/€1/€5/€4 + fro12/€1/€3/€5 +
fro12/€1/€3/€2+ froos/€1/€3+ forzo/€2/ €3+ for1/€2/€2 /€4t For21/€2/ €2/ €a+ forra/ €2/ €3/ €2+ fora1/ €2/ €2/ €4+ for12/ €2/ €3/ €3+
v Although it can be automated, e e e e e
m L) = = froni/e1/esfea+ fron/e1/€3/ea+ frooz/€1/€5 + foroo/€2/€5 + for11/€2/€3/€4+ for11/€2/€3/€4 + for02/€2/€%)(foor0/€3 +
[ fooo1/€4) +3(fro10/€1/€3+ fro01/€1/4+ forro/€a/€s+ foro1 /€2/€4)(fooro/€3+ fooor/€4)* =3 (fro00/€1+ for00/€2) (fooro/Ea+
ca I c u Iatlo n S do n t fl n IS h Jooor/€4)* — (frooo/€1 + For00/€2) (fooro/€3 + Fooor/€4) — 3(foozo/€3 + foor1/€s/€a + foorr/€3/€a + Fooo2/€3) (fro00/€1 +
fmoo/&‘z)—(f0030/E§+f0021/E§/€4+f0021/6§/E4+f0012/63/E?1+f0021/6§/E4+f0012/63/52+f0012/€3/6,21+f0003/§2)(f1000/€1+
for0/€2) + 3(fro00/€1 + for00/€2)(fooro/€3 + fooor/€4)? + 3(fooa0/€5 + foorr/es/ea + foor1/€s/€a + fooua/€3)(frooo/E1 +
f0100/52)(f0010/63+foool/Ed))+((f001p/€3+f0001/64)+7(f0020/5:25‘+f0011/63/E4.+f0011/63/64+f0002/53)+6(f0030/52+
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Number of factorial moments R Sl [0k Gl el ey S e 0 A S D Gy R
foor1/es/eq + f0002/€,21)(f0010/€3 + fooo1/€4) — 4(f0030/€§ + f0021/€§/€4 + fq021/€§/€4 + f0012/€3/€% + f0021/€§/€4 +
?0012?53)/25;4']00/012/5;/537f(;gors/;(i}(f0(}10/53;'f00/01/)i4)))+%(({(20;o/5;+foo;n/t”;)j;‘6g§0020§6§+§0011§53§E4+}‘oon§53;54+
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fooo1/€4)) + ((fooro/€3 + fooor/€4) + (foo20/€3 + foorr/€3/€a + foorr/€s/ea + foooz/€3) — (fooro/e3 + fooor/€4)?))?
m

N _NT o Co=,un Cp — 1 _ P. Tribedy
" 2:1: e i 3 eff. bins : 1188 terms

~M™ for large M
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More efficient formulas

v Derivation using factorial cumulants.
v For more details, see PRC.95.064912.

measured cumulant

v Number of terms does not
depend on efficiency bins.

measured factorial cumulant v’ Calculation cost has been

drastically suppressed.

just divide by efficiency

corrected factorial cumulant

corrected cumulants

M- H of effic . 6 [ N -
L : # of efficiency bins 10" E 6 =
9r,s) = 4@ /p*) = Z (ai /pl-)n,- n : # of particles E Ng -
i=1 p : efficiency 5 ... il
(Q)e = (qa.1)e, a : electric charge (62) ) 10 E 3
(Q%)e = (ad.1)), + (@@n)e — (@22)e: (63) g - .
(@) = (q(31 1))c +3{qa,n9e,1)e — 3(q1,1)92.2))c + (43,1))c — 3(43,2))c + 2(q3,3))c> (64) _'G_)‘ 1 04 ;_ _;
(@M = (90.,1)), + gt ndev)e — 6a0, n9e.2): + Haa,ng6,0)e +3(a0,1). + 3(ai2) — 12(@0,n96.2) "'6 E 3
+8(q1,109G.3))c — 6{d2.n92.2)c T (9. 1)e — T{q@2))c + 12(q@,3))c — 6(q@.9)c; (65) — -
(Q%)e = (q.1)), + 10(gg. nae.v), — 10(gd. nae2), + 10(gd.1y96.0), — 30(ad.1y96.2), +20(9d 1a6.3), + 15(ak.290.D), 8 1 03 _ ‘ Number of terms has
+ 15(‘1(22,1)61(1,1))c —30{(q1,n9¢,192,2))c + 5(qa,19@,1))c — 35(q0,1)9@,2))c + 60{q1,119@4,3))c — 30{q1,1)q@,4))c E é been reduced by a
+10(ge,n93,1)c — 30{g2,1193,2))c + 20(92,1)93,3))c — 10{92,293,1))c + 30(92,293.,2))c — 20(q92,293,3))c + (45,1))c =) K factor of ~102with M=8
— 15(gs,2))c + 50(g(s,3))c — 60(q(5,4))c + 24(q5,5))c (66) < 1 02 - =
(QG)C _ (‘1(61,1))c + 15<q€1,1)‘1(2,1))c _ 15(‘1?1,1)‘1(2,2)>c + 20(‘1(31,1)61(3,1)>c _ 60(‘1(31,1)q(372))c + 40(q(31,1)q(3’3))c — 90((1(21,1)(1(2,2)(1(2,1))c E ............ T T TP PP P PP PPR PP §
+45(g,186, ) +43(40,090.2) + 15(@6,n). — 15(40.2). + 154G, p9e.0). — 105(gG 1962} +180(g 1dw.p). - T
- 90(61(21, na@.), — 45(61(22, nde.2), + 45(4(22,2)q(2,1))c + 60{(q(1,109¢2,193,1))c — 180(q(1,1)92,1)93,2))c 1 O E IE
+120(q1,192,193,3)c — 60(q1,192,293.1)c + 180(g1,192.293,2))c — 120(91,1)92,293,3)c + 6(9a, 146, 1)e - ! 1 1 -
—90(q1,19¢5,2))c + 300(q(1,1)9(5.3))c — 360(q(1,1)9(5.4))c + 144(q(1,1)95.5))c + 15{q2.19,1))c — 105(g(2,1)94.2))c 0 5 10 15 20

+180(q2,1)94,3))c — 90(q2,1)94,4))c — 15(92,2)9@4,1))c + 105(q2,29(4,2))c — 180(q2,2)9(4,3))c + 90(q2,2)94,4))c
+10(g3.1)), — 60(93.1)96.2))c + 40(46,143.3)c + 90(aG 1)), — 120(96.296.3)c +40(gk 3, + (@6.n)e — 31(ge6.2)e
+ 180(g¢6.3))c — 390(q(6,4))c + 360(g(6,5))c — 120(g(6.6))c> (67)

Number of efficiency bins (M)
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net-proton Cs in STAR

Q%) =

(ad,v) + 15(a,nae.n). — 15(g8, naeo), +20(gd, pge.n). — 60(g0,1,96.2) +40(gd, nae.3). — 90k, nae.rdgen),
+45(g0, 19, 1) +45(0 19 )). + 1500 0). = 15(d2). + 15040, 14@.0). — 105(g6i 1de2). +180(4d nd6.s)
—90(g. @), — 45(a5.1)9e.2), + 45(a5.29e.n), + 60(da. @196, — 180(g0,190.1)96.2)
+120{(gq1,192,196.3))c — 60{g91,192,293.1))c + 180{q(1,1)92.293.2))c — 120{q1,1)92,293.3))c + 6(q(1,1)q(5.1))e
—90(q(1,1965,2))c + 300{q(1,19¢5,3))c — 360(q(1,19(5.9))c + 144(q1,1)9(5.5))c + 15(g2.1y9@,1))e — 105(g@2,1)9@,2))c
+180(g@2,19w.3))c — 90(g2.nq9@4.9)c — 15(g@.29@,1)e + 105(q2,2)9w4.2))c — 180{(g2,2)9w@,3))c + 90(q2,294.4))c
+10(g 1)), — 60(g6.096.2)c +40(a3,046.3)e + 90(aG 2. — 120(96.296.3)e +40(gk 3)). + (6.0)e — 31{6.2)e
+ 180(g(s,3))c — 390(g(6,4))c + 360(gs,5))c — 120(g(6,6))c> (67)

40 Au+Au @ \'s,, =200 GeV

® 04< p, < 2.0 GeV/c, lyl<0.5
20

— Binomial expectation

o
R I
!

0-5%—>H
Roli Esha, QM2017, CPOD2017

STAR Preliminary

A
o
I T | I I I l I T I l T T T

| | | | | | | ] | | I | | |

100 200 300
Npart

o

v It was difficult to calculate Cs and its errors

by conventional formulas using factorial
moments within the realistic time scale,
which is the reason why | started to work
with M. Kitazawa for efficient formulas.

M Factorial moment New method
4 64.7 s 30.8 s
8 17.3 x 10% s 31.3s
12 14.1 x 103 s 323 s
200 62.7 s

implementations. The codes are executed on the same CPU
(3 GHz Intel Core i7) for 1 x 10° eventsand M = 4, 8, 12, and

ﬂ). One finds that the CPU time with the conventional method

S AR A

rln STAR brellmlnary results for Ce/Co, M=8 is
i implemented, and 2x108 events were analyzed

A . = R s ]

~ for 0-10% centrality. If we use the conventional
formulas, then
¢ 17.3x102 (s) x 2000 ~ 944 hours ~ 40 days

,‘ would be necessary to calculate the data points. |
We need to repeat this with ~300 times to

z estimate the statistical errors! j
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Analytical calculation

v Assume two distributions which have the same
cumulants (Cn+Cm=2Cn) with different efficiencies.
v' Apply correction using the averaged efficiency and

see the deviation. 200
€ =1(epn+¢ep)/2 Aec=¢p—¢B
X
AK, =K, — K™ =2C, — K™ < 100
v The 1st order cumulant can be recovered by
averaged efficiency. 0
K" = (Na) 4+ (NB) = <ngA> i <n§B>
_ EA_Cl 5B_Cl _ 201
£ £
v  Higher the order of cumulant is, larger deviation 5
appears.
v Interestingly, deviation becomes zero if both 0
distributions are Poisson (Cnm=C1).
1/ Ae\? X 2
AK, = 5(7) (C,—Cy) <
&
2
AK; = i(g (C3 —2C,+ Cy) ~
2\ ¢
2
AK, = %(% (6C4 — 18C3 + 19C, — 7C) -0
1/As\*
+ §(?) (C4 —6C5 + 11C, — 6C)

Gauss

(@)

C,=20, C,=25,C,=0,C,=0

£§=0.5
—AK,
—AK,
—AK,

0.2
A€

- 5% deviation from Poisson

- (b)

C=20, C,=19, C;=19, C,=19
£=0.5

0.2 0.4

A€

0.6
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Toy model for net-charge fluctuation

v Now we can check the validity of using

averaged efficiency with toy model

numerically.

v In net-charge publication from STAR,

weighted averaged efficiency between
/K/p is used for efficiency correction.

v' Assume pions follow Gauss and the

others are Poisson.

2 e
o separated o averaged
1+ 0
c i
X
x OfF---@-------e- O-=-------- <
\¢ L]
< i
1
-2
1 2 3
m

+

&

+ A7t
i & N;

nKp T Ty NE
A L

Particles P(N)

Charge

Mean

Sigma

Efficiency

b Gauss
K+ Poisson
p Poisson
T Gauss
K~ Poisson
p Poisson

+1
+1

30
10
8

25
4
3

8

0.3
0.6
0.9

0.25
0.55
0.85

v Finite deviations are observed

for m>=2.

v If /K/p are all Poisson,

deviation becomes zero.

T. Nonaka, EMMI workshop @CCNU, Oct.13 10



Recent STAR preliminary results

eV 19.6 GeV

v’ Particle species dependent
efficiency Is implemented in
efficiency correction for net-

* 1 charge fluctuation at the

N WO~ O1 O
._l”g:‘l
X
-

A
Hp—p——
———n
°

So /(Skellam)
So/(Skellam)

[ » .
Poisson baseline 1 I STAR experlment.
1F------------ - 1F------------- I<
ot ST TVRI TUUIT TUU TPV T T o) VPV TV POV POV VT T v Results are consistent with
0O 501001 5020025(1300350 0O 501001 5(]20025030(1350 . . app
the publication within errors.
15 15F v Separated efficiency
10 1 ~ 10F i correction will be important
o 3 | )
- 5 o 5/ in BESII!!
20 __‘gi_*__t____‘k- 5&0;‘.‘!!’*_;__*__*_?*.
-5 } | _gE *Eff_Uncor
E o Eff_C
10 STAR preliminary ¥ -10 ] . Publis(:ed
] ST -15E
0O 501001 5020025(1300350 0 50100150200250300850
<Npart> <Npart>

4+ T. Sugiura, JPS fall meeting 2017

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Toy model for acceptance dependent efficiency

v" Generate a Gaus distribution. A

v Particles randomly incident on two A?gip??ce
detectors A and B, which have different ' ' / \\
efficiencies €a and ¢g.

v" Apply correction using averaged

efficiency for A and B.

P(N) Charge Mean Sigma Efficiency

Gauss +1 20 V32 er =09, ¢f =0.3

Gauss ~1 8 NE e, =04, ¢e; =08
o separated - averaged v" No deviation.

0.5 - | v When we focus on one particle, it

. iIs measured with the averaged
> T I R %_ efficiency randomly and
< independently, which
corresponds to the case of single
05 " | efficiency bin.

- —+Underlying physics is identical for
3 5 3 2 A and B.

T. Nonaka, EMMI workshop @CCNU, Oct.13 12



Conclusion

v New efficiency correction formulas have been
developed which can drastically reduce the
calculation cost compared to conventional ones
in case of many efficiency bins.

v Efficiency correction has to be performed with

appropriate efficiency bins. Otherwise, results
can artificially deviate.

T. Nonaka, EMMI workshop @CCNU, Oct.13
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New unfolding method to reconstruct

any unknown distribution around the

QCD critical point and its application
to STAR data with binomial model

S. Esumi, X. Luo, B. Mohanty, T. Nonaka, T. Sugiura, N. Xu

See also Shinlchi’s talk on Tuesday

14




Known issues on eff. correction

v' Efficiency correction on cumulants has been established based on the

binomial model.

M. Kitazawa : PRC.86.024904, M. Kitazawa and M. Asakawa : PRC.86.024904

A. Bzdak and V. Koch : PRC.86.044904, PRC.91.027901, X. Luo : PRC.91.034907
T. Nonaka et al : PRC.94.034909

T. Nonaka, M. Kitazawa, S. Esumi : PRC.95.064912

v Efficiency correction does not work in some cases, e.g. multiplicity

dependent efficiency, non-binomial efficiency.
- A. Bzdak et al : PRC.94.064907

3 T T '/ T 7 > 1 LN S S B S S S S S S N S S S B S e S m | .-
— KK, r ) 2 e glow = —0,00032
—— K;/K, J / 9 o8l '"‘!-- Now __ .

! /I | o & glow — _0.00033 ]

2~ KK, iy - 8 :

W oe6fF B-. B, R < 5

] i = ::!::B:.~~ ~a. :

04} 0p04<pT<08 "~::::==: -

Op0.4<p <0 i

| 0oL WPO. 8<p: STAR Preliminary -

e Upo. 3<PT Vsnn = 200 GeV

- G(N)—60+€(N()), 0'... . IS B PR PR

1 . | 0 200 400 600 800 1000 1200
20.001  -0.0005 0 0.0005 _ 0.001

, T. Nonaka, WPCF2017 Refmult3

€

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Known issues

v' Efficiency correction on cumulants has been established based on the

binomial model.
- M. Kitazawa : PRC.86.024904, M. Kitazawa and M. Asakawa : PRC.86.024904
- A. Bzdak and V. Koch : PRC.86.044904, PRC.91.027901, X. Luo : PRC.91.034907
- T. Nonaka et al : PRC.94.034909
- T. Nonaka, M. Kitazawa, S. Esumi : PRC.95.064912

v' Efficiency correction does not work in some cases, e.g. multiplicity

dependent efficiency, non-binomial efficiency.
- A. Bzdak et al : PRC.94.064907

v" Unfolding would be necessary to correct
these effect.
- We suggest new unfolding method to
reconstruct any unknown distribution

around the QCD critical point.

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Methodology : Poisson test

C)=C) +C.F_gen

v Two Poisson distributions which have different
mean value are generated and randomly sampled

with efficiency.
v  Difference between exp.meas and sim.meas is
applied to sim.true to get the corrected

distribution, which is repeated with iterative MC.

0.006
prar Mean x 10 .
Meany 7.002 oo
30 yor 30
RMS x 3.166 J§ 0-004
20 20

10

0 l -0.001
0 10 20 30

Mean x 9.001
Meany 4.903
RMS x 3
RMSy 2.214

30

20

B) Exp. meas

10
0

" -0.001 0
0 10 20 30 0 10 20

Np

MC filter : binomial efficiency €p = 0.9, €ppar = 0.7

Mean x 12.01
Meany 9.003
RMS x 3.463
RMSy 3.003

‘ C) Sim. true

Mean x 10.81
Meany 6.302
RMS x 3.286
RMSy 2512

D) Sim. meas

Mean x 11.03
Meany 8.222
RMS x 3.414
RMSy 2.944

/
]
= 0.001

0

C.F_gen =RM,, x C.F_rec

R 2.801e+05 ]

0.002

0.001

OfF T T T

~0.001 O

. 0.006
"4 0.005

—-10.004

=1 0.003

0

—-0.001

e X 1.151e+16

e Y 8.925e+15 |

X 1.151e+16 [

y 8.925e+15 |[] =

30

run MC
iteratively

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Poisson test : Cumulants

input
incremental
conventional

v We can stop iterations once
cumulants don’t change with
iterations.

v  Incremental unfolding is effective
way to recover bins that don’t
exist in simulation, but seems
difficult to get higher order
cumulants converged.

O 20 40 60 80 100 120 140

v’ Conventional unfolding (not
updating the response matrix) is
also implemented to get
cumulants converged.

O 20 40 60 80 100 120 140 O 20 40 60 80 100 120 140

iteration _—
te at O T. Nonaka, EMMI workshop @CCNU, Oct.13 18



Critical shape test

v’ Can we extract any unknown distribution??

prar

A) Exp. true C) Sim. true

D) Sim. meas

MC filter : binomial efficiency €p = 0.6, €pbar = 0.4

T. Nonaka, EMMI workshop @CCNU, Oct.13 19




Critical shape test

v Yes! Critical shape has been recovered.

0.006 l 0.006 0.006
prar 0.005 . "H0.005 . - 0.005
0 W Sim. True 1styc iteration
- 0.004 -1 0.004 0.004
- 0.003 - 0.003 0.003
20 20
< 0.002 = 0.002 0.002
10 0.001 10 0.001 0.001
0 0 0
0 —o001: O -0.001 ~0.001
0 10 20 30 0 10 20 30
0.006 0.006 0.006
0.005 0.005 0.005
0.004 0.004 0.004
0.003 0.003 0.003
0.002 0.002 0.002
0.001 0.001 0.001
0 0 0
-0.001 -0.001 -0.001

T. Nonaka, EMMI workshop @CCNU, Oct.13 20



Critical shape test : Net-distribution

v Two-peak structure in net-distribution has been recovered.

Exp. True Sim. True 1stqc iteration

o ?
10° °© 2
O o)
O
102 O o)
© %
10
T i
—1 o . o 1 o . o 1 2 . o 1 2 o o
10775 =0 0 20 70

40 =20 0 20 20

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Critical shape test : Cumulants

v' Cumulants have converged to
input values.
v New unfolding method is

established.
input

incremental

conventional

O 50 100 150 200 250
Before we start non-binomial study,

it is important to apply unfolding to
experimental data assuming the
binomial model and see whether
the results are consistent with
efficiency correction or not.

1000

2000

O 560 100 150 200 250 O 560 100 150 200 250

Iteration T. Nonaka, EMMI workshop @CCNU, Oct.13 22



pr dependent efficiency

F : fraction of protons at low(high) pr region with respect to
0.4<p1<2.0 (GeV/c), which is calculated with efficiency

corrected C+ for (anti)proton.

Np

MC filter

prar

VAN

Np, low Np,high

4.\
| Fp, on \Fp, high prar, Ioz/ \prar, high

prar, low prar,high

lsp, low l €p,high lapbar, low l €pbar,high

Np, low Np, high

Npbar, low | | Npbar, high

./

./
N/

Np

N Y

Npbar

S
~ 'l"';l";'l""l""l'-_I .TPC
&>>~ r 1 (5 =200GeV = TOF
' 1 lyl<0.5 b
3 08f : - | ¢ TPCXTOF(0.8<p.<2.0)
© 0.6 ‘I := ! -
S 0 a0 b0
O . 1 ""
5 ¢
0. ! ' STAR
ok “ ' 1+ Preliminary
AR T PP TP P

0 0.5 1 1.5 2
P; (GeV/c)

4+ pr dependent efficiency
correction has been implemented
In net-proton analysis.

4+ For unfolding, pr dependent
efficiency can be included inside
the MC filter.

T. Nonaka, EMMI workshop @CCNU, Oct.13 23



Unfolded distributions at vs,, = 200 GeV

Vsnn = 200 GeV, net-proton, lyl < 0.5, 0.4 < pr < 2.0 (GeV/c),
without CBWC, binomial model

prar
30

30-40%
STAR

20
Preliminary

10

. 1 ISTAR

0o f 14| STAR
T Preliminary

1 | ExpMeas
1} [Unfolding

-40 -20 0 20 40 60 -40 -20 0 20 40 60 -40 -20 0 20 40 60 -40 -20 0 20 40 60

Np = prar
T. Nonaka, EMMI workshop @CCNU, Oct.13 24



Results

v Unfolding with binomial model gives consistent results with
efficiency correction, which indicates that the unfolding
approach works well.

Vsnn = 200 GeV, net-proton, lyl<0.5, 0.4<p1<2.0 (GeV/c), WO/CBWC

40 3 3 3
o C Co Cs Ca
E 9] E
ob eff.corr .' 0 . STAR : 0
unfolding ; 0 . Preliminary ;
10 .' .' 3
o p D DO} E 5 5 b O DO E;E’PDD
............... .l IEIKIQ|....|....|.... Al

0 " PP PP B
0 100 200 300 0 100 200 300 0 100 200 300 0 100 200 300

<N part>

T. Nonaka, EMMI workshop @CCNU, Oct.13 25



v Fitting to the embedding samples with the binomial

v Non-binomial distribution can be also used for fitting.

distribution has been performed, which looks

binomial within errors.

* 1 | Entries 627
0.3F ,+| Mean 4.735
| ! | Rms 1.082
1
.'I' : x2/ndf  5.003/5
N I . .
02k | ;I_u input 7.007 + 0.036
' ' | eff. 0.6758 + 0.0075
I
| |
! I :
] T
[ ! L N_7
| —
B
0 llﬂ- | ™ 1 1. 1
0 5 10 15 20
. 7 | Entries 1215
025 ;I:I: Mean 7.361
: T RMS 1.552
“2F - 2/indf 17587
: |+ "Il input 11+ 0.0
0.15 vl
[ | : eff. 0.6686 = 0.0041
[ I 1
0.1 1 1
[ 1
) § I
[ I
oosk ¥ N=11
[ & :
[ |
i} SR 1, 1 ol
0 10 20 30

0.3

0.2

0.1

0.2

0.15

d " 1" | Entries 880
[ ++ Mean 5.431
' |Rms 1.379
: I x? [ ndf 8.364 /6
i Do input  8.008 + 0.030
- ‘I:' t et 0.6791=0.0060
h ] 1
! I ! .
I |
. | | [
-+ & N=8 :
N '-* L
| PP NI I e -
0 5 10 15 20
oosf T Entries 868
i *’l’ Mean 7.946
- e RMS 1.678
: 'I: ! x?/ndf  6.673/9
g I | .
i [ input  12.01+ 0.03
: . eff. 0.6617 = 0.0048
' ]
p | I L
h I 1 [
[ I ! ]
- Py N=12 ;
n I I l
L]
L_g...ll!...l....l..'.
0 10 20 30

B(n,N;¢e) =

Fit to the embedding samples

N : # of input particles

0.25

0.2

0.15

0.1

0.05

1119
6.113
RMS 1.452
x2/ndf  6.672/6
input 9.005 + 0.026
eff. 0.6783 = 0.0050

Entries
Mean

N=9

0 5 10 15 20 25
F T | Entries 636
0.2 [ H Mean 8.653
I : *. RMS 1.751
L : I x2/ndf  3.509/9
0.15pF o input 13+ 0.0
EI : eff. 0.6658 + 0.0055
: 1
0.1 | ‘.
P
n l I
005F 3 N=1 3
. | o
N ]
l_|J'_|_|_|_|E|_|—|—|—|—|—|—|—|—|—|—|—|—l
00 10 20 30

n : Number of reconstructed protons

T. Nonaka, EMMI workshop @CCNU, Oct.13

g : efficiency

! n(l . G)N —n
n!(N —n)!
" T | Entries 1313
0.25 ,+| Mean 6.706
.|J: RMS 1.525
0.2 : } x?/ndf  5154/7
: I input 10+ 0.0
1
0.15 (I eff. 0.6708 = 0.0043
1
H: I ]
0.1 T | r
I I L
£ !
0.05 N 1 N=1 O p
- :
0 MR BRI BRI |
0 10 20 30

embedding samples for
proton,

Vsnn = 200 GeV,

0-5% centrality,

1.0 <pr<2.0 (GeV/c)

STAR
Preliminary
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Summary

v Appropriate efficiency bins have to be
implemented In efficiency correction, which can
be achieved with reasonable CPU time by our
new formulas.

v'New unfolding method has been established,
which can reproduce the experimental results
using efficiency correction.

v’ Will test the non-binomial efficiency.

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Thank you



Back up



Unfolding : RooUnfold

4+ “RooUnfold” package in ROOT is commonly used to
unfold pT, jet spectrum, etc.

4+ Can be applied for unknown distribution near the critical
point?

Experiment (test sample) Simulation (training sample)

true iInput

T

T Unf Vrespons; matrix
measured output

T. Nonaka, EMMI workshop @CCNU, Oct.13 30




Unfolding : RooUnfold

4+ “RooUnfold” package in ROOT is commonly used to

unfold pT, jet spectrum, etc.

4+ Can be applied for unknown distribution near the critical

point?

detector response

. e—p  Output

[ hlestirue | hTestMeas
............ Mean 6.01+ 0.007763 an  3.605 = 0.005996
«*% Std Dev 2.455 + 0.005489 Std Dev  1.896 = 0.00424

hTrainMeas
Mean 8.708 = 0.0175
Std Dev 5.532 + 0.01237

hTrainTrue
Mean 14.49 = 0.02738
Std Dev 8.659 + 0.01936

107°

1074

| Training sample covers wider bins than test sample

unfolding

we==l)  Unfolded

hTestlrue

6.01+0.007763
Std Dev 2.455 + 0.005489

hReco

Mean 6.007 = 0.01037
Std Dev 2.447 + 0.007336

1

Training
Test
Unfolded

T. Nonaka, EMMI workshop @CCNU, Oct.13




Issue on RooUnfold

4+ Empty bins in training samples cannot be recovered.
4+ We cannot use the conventional unfolding around the

critical point.

unfolding

Output ====p  Unfolded

detector response

hTestTrue hTestMeas hTestTrue
Mean  5.997 = 0.007731 Mean  3.598 =0.005991 | = gerrer————————r— Mean  5.997 = 0.007731
Std Dev 2.445 = 0.005467 Std Dev 1.894 = 0.004236 Iﬁl Std Dev 2.445 = 0.005467
hTrainTrue hTrainMeas 107" sl hReco
Mean 7.011+ 0.01366 Mean 4.212 + 0.009171 [®l Mean 5.989 = 0.01041
Std Dev 4.319 = 0.009657 StdDev 2.9 = 0.006485 Std Dev 2.443 + 0.007363
-! 102 -!
lel
: O ..
' 1 . . Training
- [ J
? 1 ‘ Test
. s . 1074 b Unfolded
] 10 ] * ]
.........................................................
30 0 10 20 30 0 10 20 30
cannot be recovered!!

Training sample does not cover all bins in test sample

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Mean x 11.03
Meany 8.222
RMS x 3.414
RMSy 2.944

Mean x 35.19
Meany 29.06
RMS x 23.28
RMSy 20.13

Mean x 10.13
Meany 7.257
RMS x 3.179
RMSy 2.718

Mean x 20.26
Meany 22.78
RMS x 8.308
RMSy 14.07

Mean x 10.03
Meany 7.076
RMS x 3.157
RMSy 2.665

Mean x 17.25
Meany 19.85
RMS x 4.683
RMSy 10.31

Mean x 10.01
Meany 7.03
RMS x 3.155
RMSy 2.655

Mean x 21.81
Meany 17.62
RMS x 3.539
RMSy 7.653

Mean x 10
Meany 7.017
RMS x 3.157
RMSy 2.651

Mean x 31.36
Meany 23.94
RMS x 14.53
RMSy 13.28

T. Nonaka, EMMI workshop @CCNU, Oct.13
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Conventional unfolding method with a critical shape (¢,=0.7, £,=0.65 )
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Exp. True 1M events
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