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Search for the critical point
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Cumulants of conserved quantities

v Extensive variable
v Proportional to the power of correlation length
v Directly connected to susceptibilities

(ON) = N — (N) SJ:%:£
Cy = M = (N) Ca X2
Co = 0 = (§N?) wo? = G Xa

Cy X2

C3 = S0 = (6N°) ~ €40
Cy = kot = (SN*) —3(sN?)" ~ ¢

Poisson baseline
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Poisson - Poisson = “Skellam” distribution

Codd = M1 — p2 Gy U3 _ 1~ o
Ce'ven — M1 o M2 C2 H1 o+ Ho
Co
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Efficiency correction

v Effect of tracking efficiency must be corrected for measured cumulants.

v Averaged efficiency (e++¢€.)/2 between positively and negatively charged
particles were used in published net-charge and net-proton results.

PRC 86(2012) 044904

pK1 = c1, p : tracking efficiency C : measured cumulant
f: factorial moment K: corrected cumulant

p’Ks = ca — n(1 —p),
p°Ks = c3 — c1(1 — p*) — 3(1 — p)(fa0 — foz — nea),
p*Ky = c4 —np?(1 —p) —3n*(1 —p)? — 6p(1 — p)(fa0 + foz) + 12c1(1 — p)(f20 — fo2)
—(1 = p*)(c2 — 3¢f) — 6n(1 — p)(cf — c2)
—6(1 — p)(fos — fi2 + fo2 + f20 — f21 + f30)-

v Actually there is finite difference of tracking efficiency between positively and
negatively charged particles.
v How will the published results be changed if the separated efficiencies are used 7

v Difference between two correction methods are studied by
= MC toy model assuming net-proton distribution.
= Analytical calculation from the correction formula.
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1. Generate two Poisson distributions.

Example 2. Random sampling according to binomial efficiency.
T T T T T

3. Apply correction using averaged or separated efficiencies.

T l T T T T I T T T T T T l 1 T T T I T T 1 1 l 1 1
— - —

) - =10 1M events . - -
N- 5o 8 S -
i T 8+=O.65 1

- . =0.66
20} 1 §

Save=(8++8-)/2
=0.655

0 10 20 30 0 10 20 30

Poisson baseline : 2

Uncorrected mean : 1.2204

o]l Yok ol =Te I QA1 e . [S) I Q IR (SR Y2 PP) cfficiency correction doesn’t work
uncorr/corr = 0.655

Corrected (separate) :(2.00064 efficiency correction works well

uncorr/corr = 0.610

v From next page, toy model assuming net-proton will be shown. Parameters were
taken from published results.
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Order dependence

- Relative difference from input value (true-corr)/true as a function of each
order of cumulants.

- Assume net-proton distribution in the most central collisions at 200GeV.
assume net-proton, 200GeV, 0-5%

m 0.2 T T I T | T | T T T | T T |
- | 1.=5.664, W=4.116; 100M events, 30trials :
= - €,=0.715, £,=0.690 -
‘“ 0.1 < averaged efficiency —
L ) — - - - —
8 - =L separated efficiencies _
I o -
) - -
. . - -
N 2 -
01Eo . O B
i Odd order cumulants systematically deviate from input value??
_O 2 - 1 1 | 1 1 1 | 1 1 1 | 1 1 1
' C./C
c, ¢, ¢C, ¢, cyc, Y% cu,

Skellam
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Analytical calculation, C1

N+ : # of produced particles e+ =€+ Ag,

M= : # of observed particles e_ =€ — Ag,

e+ : efficiency for charged or anti-charged particles ey +e

€ : averaged efficiency =T

At : efficiency difference Ae = EF ;e— |
Kisp = (Ni)—(N_)= <1:-:+> B <]:-’_—>

(My) (M) Taylor expansion around Ag=0 0K 2
’ Ae + O(Ae”)

T e+Ac e-Ac ” Kisep(Ag) =~ Kisep(0) + dAe |, .

((M+> ) <M->) . <<M+> . <A:2_>)Aa+O(A€2)-

() - () - :
(M) - ()
€ AK: = |Kiave — Kisep|
_ <<A§+> ) <A§‘>) ) (<AZ+> ) <A§->) . (<A§> N <A§—>)Ag
= 2 ((a) + ()

Difference AK; is proportional to the sum of multiplicity.
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Analytical calculation, C»

Difference of C2 can be calculated by similar approach

szsep (AEJ)

12

ra = (o ) (e o) (o)
+ (f = GU_WAZ) — +<if3](f__>m) T2 iﬂiliifl - >As)'
o = <<A§> N <A§>) B <<A:2+> . <M->> B (<A§>2 N <Ai5>2) N (<AZ+> N <Ai_>>
NUEEPNUAUS
Ko sep(0) + 25220 _ dcro(ad)
1)+ O2) _ (G0E) Q)Y Q)00 o (0)— (M)

M)+ (M)

+2<<M+>2 - <M->2)A

M)

((M+> - (M—>>Ae

_2<Mt:iv[_> +2<M+Z§M_> + O(A€?).
AKy = \Kz,ave_KZ,Sepl
oAe | (MY —(M_DN) = (62 —02) 1
~ o [« o )‘§(<M+>‘<M‘>)]'

represented by “net-charge” terms

Difference AK: is proportional to the difference of multiplicity.
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Analyt/cal calculation, Cs

Difference of C3 can be also calculated by similar approach

A+ A_ B+ B_
K3 sep(A = - o T
seen (8 T -0 (+h (- ) (40 (- o)’

o o D.  D_

(E+AE)2 (E—AE)2 e+Ae  e—Ae’

where constant terms are defined as

Ar = (MI)+2(My)—3(MI) - 3(Muy) ((M2) — (Ms)) +2(Ms)’,
B: = 3(MIMz)—3(MsMsz)—3(Msz)((ME) - (Ms)) — 6(Ms)(MsMs) +6(Ms )" (Mz),
Co = 3((M2)~ (M2) — (M),
Dy = <M:|:>
AKB - KB,ave - K3,sep
6K3 sep
~ K ave K ,Sep 0 ’ A oA
3 [3 (0) + IAe | ... 6+(€)]
- T ala{zs;p Ae=0 A€+O(A€2)

_ L% [3(,4+ +A-)— (B + B_)] + 833(0+ +C_) + %(D+ + D_) | Ae.

represented by “multiplicity” terms

Difference AKj3 is proportional to the sum of multiplicity.
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AKoga o (My)+ (M)
AKeven o (My) —(M-)

net-proton, 200GeV, 0-5%
(M) =5.664, (M_) =4.116
(M) + (M_) =9.78
(M) — (M_) = 1.55
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AKoga o< (M) +(M_)
AKeven o< (My) —(M-)

o 02— ———————— 71—
- | 1,=5.664,1,=4.116  100M events, 30trials \
= - €,=0.715, £,=0.690 -
= 0.1 < averaged efficiency —
8 - +% separated efficiencies :
o :
0.1 4 O O -
—0.2 L— T S

C./C
c, ¢, ¢C, ¢, cyc, Y% cu,

Skellam
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AKodd X <M_|_>+<M_>
AKeven o< (My) —(M-)

net-proton, 200GeV, 0-5%

Feb.17, 2016

(M) = 5.664, (M_) =4.116
(M) + (M_) =9.78
(M) — (M_) = 1.55

== How about low beam energies ?
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Order dependence (7.7GeV)

Feb.17, 2016

(true-corr)/true

O
—

O
@)
o

o

—-0.05

assume net-proton, 7.7GeV, 0-5%

) T T | T T

1,=18.918, 11=0.165 | 100M events, 30trials
€,=0.791, £,=0.760
<= averaged efficiency

=% separated efficiencies

7\ ) 7\ e
A p— U/ 7/

Difference of odd order is as large as even order
— All the cumulant ratios don’t deviate from input value.

c, C, C, C, CJC,

|
CJ/C, C,/C
Skellam

2
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Beam energy dependence

v Relative difference is calculated for each BES energy.

v There is ~5% difference for So at experimental interest region(~39GeV).

v Conclusions in net-proton published paper won’t be changed.

O
_g 0
= o050 u :
v —0.05 ~5% difference ~]
O - -
S ol . :
o 971 FMC toy model ¥
— . @ C,0-5% & C,70-80% .
= -0.15 |~ 5% 70-80% =]
- | ¥ 56 0-5% | L S 70-80%
- ellam 0-5% ellam 70-80% &
—0.2 [~ 3 x620-5% L ko2 70-80% |

10 \/S_NN [GeV] 10°
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Weighted average?

_ X0 (Mae -

2 (M-

L ]\"12,2‘52) N: # of events
‘ M : # of particles
- Mo ;) e : efficiency

v At lower energies, weighted averaged efficiency gives a better results(C1,Cs)
than averaged efficiency.
v At higher energies, however, the difference is as large as averaged efficiency.

() [ ' ' T [T ' ™ 1 y J ™ ]
3 0_ """" F A ! ""7'.?""7\"'_ """""""""""" _'."'Q"ﬁ """""""""""""""" _.'
’E’\ ' O - 8 " O ° ® & i g, ]
=005 ¢ © I ¢ © T + ° :
o b C, é R O ¢ : G4/C, : :
ST O o3 Q
= [  —-o- average, 0-5% 1 I ]
~-0.15 _g- average, 70-80% T T y
[ -~ weighted average, 0-5% ] ]
02F & weighted average, 70-80% é_ 1 e ®
B e . S . e S S . . L
10 10° 10 10° 10 10°
\'Syn [GeV]
= Separated efficiencies should be used.
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Summary

The results of MC toy model calculations indicate that

= odd order cumulants and C3/C2 systematically deviate from input
value in case of averaged efficiency @200GeV.

= deviation of even order cumulants is as large as odd order
cumulants @7.7GeV.

According to analytical calculations, this is because

= deviation of odd order cumulants is proportional to the sum of
multiplicity.

= deviation of even order cumulants is proportional to the difference
of multiplicity.

Beam energy dependence indicates that
= conclusions in published net-proton paper won’t be changed.

Please note that current fluctuation analysis at STAR is being
done by using separated efficiencies.
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Back up



Skellam baseline of So

€1+€2
ol

2 efficiency vanishes!!
(h1 —p2)/e _ p1— po

(1 +p2)/e  p1+ pe

H 1 pL2
£ 1 €2 Eob1 —E1 U2

Sgskellam sep — —
ySEP 1 2
S+ B2 eourteErpe

Sgskellam,afue —

= Baseline is also changed
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Weighted average @7.7GeV

Ziv (Ml,igl + M2,z'52) N : # of events
Ew = N M : # of particles
Zf,; (j\/ll,i T MQ,z‘) g : efficiency
o Ol ——mm——————————— -
- _ 1,=18.918, 1 =0.165 100M events, 30trials i
= - £,=0.791, £,=0.760 :
=0.05 - - averaged _
S A averaged(weighted) -
g O ﬁé B
-0.05 | .
o
C, C, C, c, cCJC, CJC, C,C,
Skellam
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Weighted average @200GeV
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Skellam
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Z,fv (Ml,z‘81 + M2,z‘52) N : # of events
Ew = N ' ' M : # of particles
Zf,; (A/Il,z’ T A/IQ,'L') g : efficiency
o 02— T——————— T -
- [ 1,=5.664,,=4.116  100M events, 30trials :
= - £,=0.715, £,=0.690 ]
T 0.1 = averaged 7
O ~ -4~ averaged(weighted) -
5 f :
> O0----- e = = = = = = et Npatie = = = = = = e ————
= :
0.1 B —r— O -
0.2 L— N S
C./C
c, ¢, ¢ ¢c, cyc, Y% cue,
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All energies and centralities  2ver#9eq emeiency

-+ separated efficiencies

0-5% 5-10% 10-20% 20-30% 30-40% 40-50% 50-60% 60-70% 70-80%
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) 01F
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Each bin : C1, Cz, C3, C4, Sa Sa/SkeIIam and Ka2 from Ieft to rlght
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& average

All energies and centralities |
-+ weighted average
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