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Beam Energy Scan

Aim : studying in detail the QCD structure, and searching critical point

Varying the center of mass energy
vsnn from 7.7GeV to 200GeV

v

We can “scan”
QCD phase diagram

(u value is observed to
Increase with decreasing/s~n)

—When we scan near the CP
we want to see experimental
sighature




Question

(DWhere is critical point?
---What is the best experimental signature?

@How catch a QGP’s signal?
---We can only observe hadron.

v

Use Event by Event Fluctuation
(D—Fluctuation of Cumulant Ratio
@—Fluctuation of D-measure




Moment

When studying fluctuation, it is useful to introduce
‘'moment” and “cumulant’
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Cumulant

Cumulant is related to moment . nin cumulant is
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An important property of the cumulants is their
“additivity” for independent variables

Cix+y =Cix +Ciy

then, moment products can be expressed in term of
cumulant ratio.
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High order Cumulant

Why should we consider higher order cumulant??

v

igher order cumulant(or moment) are proportional to the
high power of the correlation length

C3 = So3 =< (6N)3 >~ 45
Cy = kot =< (6N)* > —=3(6N)? >~ &7

S0, higher order cumulant’s fluctuation is
larger than smaller one.
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Skellam distribution

Both N+ and N- are independently distributed
as Poisson (parameter 41 and K2 )

Net charge distribution
(or net proton)

\ 4

The difference of two independent Poisson distribution
Skellam distribution
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Result of STAR
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In most central collisions,seem to ° 10f ,/* o
deviate from Poisson, at 7.7GeV S .
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0.4 Nl2 4
—Statistical error is large s
,and fluctuation smaller than 59 — . 4
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Phys. Rev. Lett. 113, 092301
—We can’t conclude this point is CP, and It is hecessary to

scan more precisely(BES II)



D-measure

D-measure is defined by 2 formula

(6Q%) Ngy, =Nt + N~
D-measurel - D=4 (N1 Q=NT_N-
Vi_dyn = V4 —Vy_ stat
D-measure2-+ | D" = (Nen)V(4— dyn) _ NNy . ) | (IN- (V- . 1))
(N4) (N_)
o ({V+N->

(N_) (Ny)
<Nch>V(—|——,dyn) ~ D —4

Theoretically, It Is expected that

QGP fluctuation : D =1-1.6
Hadron fluctuation : D= 3-4
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D-measure and ALICE result

Pb Pb ALICE(2.76TeV) PRL 110, 152301 (2013)
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As centrality become central, D-measure become small.
As energy become large, D-measure become small

Expanding A n - we can see the signal of QGP fluctuation
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My analysis

At published result of net-charge fluctuation of STAR,
It Is calculated 1-4th ordered cumulant ratio.

* .

| calculated Npart and A n dependence of 1-6th ordered
cumulants and their ratio , because the more higher order
the cumulant is, the more high power of the correlation
length the cumulant is proportional to.

At published result of D-measure at STAR and ALICE,A n and
energy dependence of D-measure using nu_dynamics iIs calculated.

=

| calculated 2 definition of D-meausure. D-measurel is using
2nd order cumulant and D-measureZ Is using nu_dynamics.
| calculated A n and energy dependence of D-measure.
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Data set

RHIC STAR experiment

Au+Au 7.7GeV, 11.5GeV, 19.6GeV, 27GeV s

0.5 <|n| <1 ---used to define centrality

P, (GeV/c)

< 0.5 _ -
< U ---used to net-charge analysis e
0.2 <pr <20 GE.I.

A A
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Event selection

V.| < 30 V.| <2

(Same as Nihar's fluctuation analysis)
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Track cut (analysis)

e The list of primary track quality cuts can be found in the following table.

Transverse momentum |0.2 to 2 GeV/c
Pseudorapidity (1)) -0.5t0 0.5
nFitPoints >20)

oDCA <l cm

Track quality cut >(0.52
nhitsdedx >10

e The spallation protons have been removed within py range: 200 < pr <
400 Mevic and Jn) <0.5 | with nFittoints > 20 and fabs(glica) < 1 and
Fabs(nSiemaProton) <land nhitsdedx > 10]. The dt11 dlscusswn about t the

Fabs(nSi [ di '
background protons due to beam pipe interaction can be found from Ref. [7].

(Same as Nihar’s fluctuation analysis)
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Track cut (centrality)

0.5 < |n|l <1

nhitsdedx > 10

Event by event z-vertex correction has been done for Retmult2
(correction parameter is determined at run by run)
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Efficiency Correction

Cumulant is sensitive to tracking efficiency, so we
have to correct this effect using factorial moment method.

True cumulant (we want to get and can’t know directly at experiment)

p-}_(“/‘ﬂ_/ Experimental cumulant (we can get directly at experiment)

p°’Ky = ¢ —n(l—p)
p’Ks = c3—c1(1—p*) —3(1 —p)(fao — fo2 — ner)

p*Ky = ¢4 —np*(1—p)—3n*(1 —p)* —6p(1 — p)(fa0 — foz) + 12¢1(1 — p)(fa0 — fo2)
—(1 —p*)(e2 — 3e1?) — 6n(1 — p)(e1? — ¢2)
—6(1 — p)(fos — fi2 + fo2 + f20 — f21 + fao0)

| !
fab = <(n1ni.a)' (n:’i' b),> ---factorial moment

16



Efficiency Correction

published plot -+ using average efficiency

.. €+ —+ €_
efficiency of Ny and N_ are both 5

| think we should use separate efficiency

efficiency of N, w» €1
efficiency of N_ =i €_

| calculated average and separate efficiency
correction and compare the difference of 2 correction.
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Other Correction

Centrality Bin Width Correction has been done

Y n.o,

o = - =Y w0, Err X = \/Zw,z Err_X?,
Y on, . i

Statistical error estimation

Statistical error is determined by bootstrap method

Number of Bootstrap:---100

18



Systematic Error

For the systematic error estimation, following cuts have been analyzed

nFitpoints 18, 20(default), 22 |2 from 1 to 3

DCA 0.8, 1.0(default), 1.2

nhitsdedx 8, 10(default), 12
efficiency £ 5%

The systematic errors have been estimated as

1 Yti_Ytst.cut ?
RMS = —
()

i )/st.cut

Sys.Err = Yyt cut \/E:(R]\IS)2

Y, - Moments values from different cut

Yii cut - Moments values from default cut

19



[.71GeV
X-aX1S:** Npart
(Efficiency uncorrected,average corrected,

separate corrected will be shown)
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Efficiency Corrected Moment (7.7GeV)
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[./GeV
X-axis:--=- An
(Centrality 0-5%, 20-30%,40-50%,70-80%)
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Other Cumulant Ratlo(7 /GeV)
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D-measure (7.7GeV)
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Energy v.s. Cumulant ratio

arXiv:1402.1558v3
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A n dependence of D-measurel
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As energy become higher, D-measure become small.
But centrality 0-5% , we can’t see difference of D(27GeV)
and D(19GeV) (D(27GeV) > D(19GeV)?)
Result ALICE(Green) is calculated by D-measure?2, so in this figure,

result of ALICE is plotted as reference.
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As energy become higher, D-measure become small.
At central, D(11GeV) > D(7GeV) and D(27GeV) > D(19GeV)
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Additional correction

But...
| should do additional correction to avoid effect of
charge conservation and system size.

Total charged multiplicity in all acceptance

V(+—:dyn) * V(—I——,dyn) | Ntotal

and result of ALICE have already done this correction,
so strictly speaking, my result shouldt compare to
result of ALICE yet.

It this correction are applied,
D-measure probably become slightly large.
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Summaryl

| calculated 1-6 th Cumulant,cumulant ratio, and D-measure
of net-charge at 7.7GeV, 11.5GeV, 19.6GeV, 27GeV.
| saw Npart, ¥/SNN, and A nn dependence.

- D-measure are calculated by 2 definition.

At Npart and vsnn dependence, my data is consistent with
published data in statistical and systematic error.
(1-4 th cumulants and their ratio)

- At Cumulant Ratio, when c4/c2, we can see the deviation from
Poisson at central at 7.7GeV (published result).

But when see higher cumulant ratio

(ch/c1,c6/c2), | can’t see this deviation at central,

so, | think deviation from Poisson at central at 7.7GeV (c4/c2)

Is not signhal of CP.
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Summary?Z

- Value of cumulant ratio using separate and average efficiency
correction are different, but the difference is small.

- At A n dependence of D-measure, the same
centrality dependence are seen at all energy.

- At analysis of D-measure, D-measurel (using 2nd order cumulant)
Is larger than D-measureZ(using nu-dynamics)

- As energy become higher, D-measure become small.
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Next

.| should do an additional correction.
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TOF matched track

Event QA (Remove pile up event)
| 7.7GeV |

QA _before

200 QA _after
- QA L 200
180 — Entries 2142389 W - QA
- Mean x 59.16 4 180|— | Entries 2141978
160 Meany  38.26 10 - |Meanx  59.15
- RMS x 60.33 160[— |[Meany 38.27
140 RMSy  38.59 v - |RMSx  60.33
— 8 140— [RMSy 38.59
120 o 10° = o
n oS 120—
C Qo o
100 | S 100
- 5 w -
80 10 £ 80
- (L:IS -
60 — 60—
C = :
40— 10 40—
20 = 20—
:_ e ' ' .' . 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 b laadilii® celev o v v by v by by 1 100 150 200 250 300
0 50 100 150 200 250 300 350
Refmult

Refmult

Cut bewow y=0.46x-20

Run-by-run QA

e The run-by-run QA has been performed. The outlier run rejection has also
been done (1.60). The <dca>, <pr >, <>, <Refmult>, <®>, <Prima
Tracks>, etc. are used for the evaluation of51gma cut on the outhier run rejec-
tion. Where < ... > represents the event average for a given run number.
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Event QA (Remove pile up event
l-l ] . 5Gev ] QA_before QA_atter
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Cut below y=0.46x-20 (same as Nihar's analysis)
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TOF matched track

QA _before

400

= QA_before 10°
350 — Ertries 34480480407

o Mean x #6147
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3m:_ 10‘
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E 10?
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100}~
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Refmult

Cut below y=0.55x-20
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Event QA (Remove pile up event)
| 27GeV |

QA _after

TOF matched track
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Efficiency Correction

Table 2: Efficiencies for positive and negative particle for different centralities. The
average efficiency (&) is also listed below for different energies and centralities.

Vian(GeV) | 0-5% | 5-10% | 10-20% | 20-30% | 30-40% | 40-50% | 50-60% | 60-70% | 70-80%
Positive charged particles ( £,)
62.4 0.62 | 0.63 0.64 0.65 0.66 0.67 0.69 0.68 0.70
39 0.62 | 0.64 0.65 0.66 0.67 0.67 0.68 0.70 071
[ 27 0.63 | 0.65 0.65 0.66 0.67 0.68 0.68 0.69 0.70
19.6 0.63 | 0.66 0.67 0.67 0.68 0.69 0.70 0.71 0.71
11.5 0.64 | 0.65 0.66 0.67 0.68 0.69 0.70 0.71 0.72
1.7 0.65 | 0.66 0.67 0.68 0.69 0.70 0.71 0.72 0.72
Negative charged particles ( £_)
62.4 0.64 | 0.65 0.66 0.67 0.68 0.69 0.70 0.71 0.72
39 0.64 | 0.65 0.66 0.67 0.68 0.69 0.69 0.70 0.72

Average (e=(&4 +£.)2)
62.4 0.63 | 0.64 0.65 0.66 0.67 0.68 0.69 0.69 0.71
39 0.63 | 0.64 0.65 0.66 0.66 0.68 0.68 0.70 0.71
| 27 0.64 | 0.65 0.65 0.67 0.67 0.68 0.68 0.69 0.70
19.6 0.65 | 0.66 0.67 0.68 0.69 0.70 0.70 0.71 0.72
11.5 0.66 | 0.66 0.67 0.67 0.68 0.69 0.70 0.71 0.72
7.7 0.66 | 0.67 0.67 0.68 0.69 0.70 0.71 0.72 0.73

39



[.71GeV
X-aX1S:** Npart
(Efficiency uncorrected,average corrected,

separate corrected will be shown)



