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Outline

* Does efficiency matter? Yes

e |s correcting with multiplicity independent efficiency
good enough? No

* Isthere any hope? ves

* Sowhattodo?




Efficiency correction is important

STAR (thanks to X. Luo)
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Efficiencies at 19.6 GeV and 7.7 GeV

Efficiencies

X. Luo [STAR Collaboration]
arXiv:1503.02558 [nucl-ex]].
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So how can we correct for efficiency?
Efficiencies depend on the number of charged particles.
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Definitions

Pt So we decide to measure in some p;
and y range. We produce a certain
number of protons but measure only

a fraction of them because of imperfect
detector.

> Moreover we do not see neutrons.

K,, — true cumulants (measured if detector is perfect)

¢, — cumulants that we measure



Calculation

p(ny,ny) = z P(Ny, N;) B(nq, Ny; p1)B(ny, Ny; po)

l l

Cn Knr Fi,k

what we measure what we would like to measure

pr=p2=Llic, =Ky

N{!Ny! >

factorialmomentsFi,k=<(N DI(N2—k)!
178U TR

B(...) — binomial dist.



It turns out one cannot relate cumulants K,, solely through
cumulants ¢,

We use factorial moments

Ny!'N,! 1 nqy!n,!
(N — DN, — R pipk \(ng — D! (ny — k)!

Fik — fik
l pl k l

So we express true cumulants through factorial moments Fj ,
which are known from the above equality (f;  is measured).



Cumulants vs. factorial moments

Ks =

= (Ny) — (N2),
= N—K%+E)2—2F11+Fz(),

K|+ 2K13 — Fo3 —3Fp +3F 1 +3F0—3F + F30 — 3K (N + Fy, — 2F 1 + Fy),
N — 6K} + Fou + 6Fy3 + TFoo — 2F)1 — 6F1s — 4F )3+ TFy — 6F>) + 6Fx + 6F3) — 4F3 + Fi
+ 12K (N + Fop — 2Fy1 + Fa) — 3(N + Fp — 2Fy) + Fa)* — 4K (K| — Fiz — 3Fon + 3F12 + 3F20 — 3F2 + Fy)

K| + 24K} — Fos — 10Foy — 25Fg3 — 15Fp, + 15F)3 + 20F ;3 + SFi4 + 15Fy — 15F; — 10F>; 4 25Fy
—20F3; + 10F3 + 10Fy — 5Fy + Fso — 60K; (N + Fpp — 2Fy1 + Fao) + 30K (N + Fpo — 2Fy; + Fx)?
+20K{(K| — Fo3 — 3Foo + 3F12 + 3Fx — 3F1 + Fy0) — 10N + Foo — 2F1 + Fy)(K| — Fos

—3Fpn +3F12+3F0 —3F + F30) — SK{(N + Fos + 6Fp3 +7Fp — 2F )1 —6F 1 —4F ;3 +7F — 6F,)
+6Fn + 6F50 — 4F; + Fy)

= N — 120K16 + Foe + 15F)s + 65Fp4 +90F); + 31 Fyp — 2F, —30F|, — 80F ;3 —45F 4 — 6F 5 + 31F>) — 30F>,

+30F + 30F; + 15F24 + 90F30 — 80F31 + 30F3 — 20F33 + 65F4 — 45F4 + 15F4 + 15F50 — 6 F51 + Fgo

+ 360K (N + Fyo — 2Fy) + Fag) — 270K (N + Fpp — 2Fy; + Fa)* + 30(N + Foo — 2Fy; + Fap)® — 120K (K,

— Fos — 3Fup +3F 12 4 3Fs0 — 3Fy + Fyo) 4+ 120K, (N + Fop — 2F)1 + Foo)(K1 — Fos — 3Fo» + 3F1»

+3Fy — 3F>1 + Fa) — 10(K| — Fo3 — 3Fp + 3F12 + 3F — 3F>1 + F30)* + 30K{(N + Fos + 6Fo3 + TFp» — 2F),
—6F )y — 4F 3 + TFsy — 6F) + 6Fyy + 6F39 — 4F3; + Fyg) — 15(N + Fop — 2F)1 + Fao)(N + Fou + 6F3

+T7Fyp —2F)) — 6F 1 —4F ;3 +7F,) — 6F> +6F + 6F3) — 4F3 + Fi) — 6K (K — Fos — 10Fy — 25Fy3 — 15F
L 15F)y 4+ 20F3 4 5F14 4 15F0 — 15Fy; — 10Fy; +25F3 — 20F3; + 10F3 + 10Fy — 5Fy + Fx).

1
N = (N1} + (N>) Ky = (N1) — (N2) Fix = —— fix 8
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Problem is not solved:

We assume that p does not depend on N. Not good

We assume binomial distribution. Is it OK? We should test it.
HADES and STAR promised to check it.

By binomial | mean binomial form

N!

n! (N.—n)!

B(n, N) = [P, .I"[1 = p(N, )]V

Net-proton vs net-baryon problem is mathematically equivalent

to efficiency problem  \; kitazawa, M.Asakawa,
PRC 86, 024904 (2012); 069902 (2012)



lllustration

multiplicity distr. narrower multiplicity distr. broader
than Poisson than Poisson

02 0.4 06 0.8 02 04 06 08 1

’ 1 ! 1
K4/K> K4/K>
_4 — 5' 1’ 0’ _1’ —5 Net-proton could be a good approximation

KZ of net-baryon if K, /K, ~ 1



Suppose our machine detects particles with probabilities that
depend on p; (in general p¢, y, @).

Dt
A
an example:

x = 3 e(3) = 0.5,&(3) = 0.4

€ (€) -- probabilities to detect
x =2 €(2) =0.8,6(2) = 0.8 baryons (antibaryons) or
positive (negative) charges

x =1 e(1) = 0.9,&(1) = 0.8
>

y

We measure f; ; and ¢, but we want to know true Fj; and K,

\ } \ }
| |

observed produced
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Calculation

1
(Ny= ) (N@) (N () = 5 (n@)
x=1,2,3
Fi1= (NN) = <N(X)N(f)>

x=1,2,3x=1,2,3

_ 1
(NCON®) = 2 225 (nOAD)

Once we know Fj j, we can construct cumulnats K,

See PRC 91 (2015) 027901 for general equations



Let’s go back to factorial moments and neglect anti-protons

N'!
(N —1i)!

et \(n—1)!

=1<n!> Fi=i-fi

We assume that € does not depend on N. Not good

R. Holzmann, talk at HIC for FAIR Workshop on Fluctuation and Correlation Measures

in Nuclear Collisions (2015) 13



R. Holzmann,
If € depends on N the whole method brakes down. talk at HIC for FAIR

P . NI

Let’s test it. Suppose that

with (N) = 40,¢€, = 0.65 and plot K, /K, as a function of €.
We calculate exact f; and correct using constant efficiency

F, = fi/€b.



We obtain

0001 -0.0005 0 0.0005  0.001

/
€

Large corrections for small €’



[

We need something else.
Why not just solve equations directly, for example:

p(0)
p(1) \
p&a;
Pl
p(4) )

pln) = Z P(N)

(11
0
0

Lo

€

En(l . E)N—n

(1—e)?

2¢(1 —¢€) 3e(l —e€)? 4e(1 —e€)?

3¢2(1 —€) 6e2(1 —¢€)?

N!
ot n!(N —n)!
—e (1—¢€)? (1—-¢?
62
0 ¢
0 0

o O O

Triangular equations are trivial to solve.
We can easily use e(N), matrix is much more complicated but it is
not a big deal.

4e3(1 — )
1

)

/
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Problem.
For binomial with constant €

1=M ‘
det(B) = H'o B(i, i) = {MAI+1)/2

M = Npax = Nmax
Fore = 0.7, M = 100, det(B) = 10~724°

Matrix is pseudo-singular.



For binomial:

Y 1 o
PN = 300 e+

We take exact p(n) from slide 16 and
replace it by p(n)[1 + 0(107>)]. Then
we calculate above P(N).

We get nonsense but ...

it has correct cumulants!

red line — input Poisson
black — positive P(N)
blue — negative P(N)




OK, let’s test this method with e(N). e(N) =€y + € (N — (N))

1) we sample N particles from Poisson

2) each particle can be detected with probability e(N)
3) we run 107 events and get measured p(n)

4) our matrix is given by

N!
n!(N —n)!

B(n, N) = e(N)" [L—e(N)]V "

5) solve triangular equations and obtain P(N). We get nonsense
but that’s fine

6) we calculate K, /K, and get a number

We repeat the whole exercise many times and plot histogram of
obtained K, /K, ...



... and this is what we obtain

107 p(?ib)

1106 p(n) (N) =40, ¢, =0.7, € =—0.0005

3_

107 p(?l’b)
| 1 10° p(n)

0.0 0.5 1.0

K,/ K,

1.5

0.0

0.5

(N)=20, ¢, =0.6, ¢

0.001

1.0
K,/ K,

It works very well, statistical errors are under control

1.5

20




What if we do not know analytical form of B(n, N)?
Solution A

1) generate particles from some reasonable generator
2) run it through a detector simulator

3) we get the matrix B(n, N) but it is not complete

4) each column we fit with some function

5) now we get complete matrix

6) and we go back to the previous case. Done.



What if we do not know analytical form of B(n, N)?
Solution B

1) generate particles from some reasonable generator
2) run it through a detector simulator

3) we get the matrix B(n, N) but it is not complete

4) det(B) = 0 exactly

5) calculate the Moore-Penrose pseudoinverse

6) calculate P(N) [which is wrong] and cumulants



The Moore-Penrose pseudoinverse

™ 10° B(n,N) (N) =20, ¢ =0.6, 075 ™ 10° B(n,V) (N)y =40,y =07, |
[ 10° B(n,N) ¢ =—0.001, 10" p(n) [ 10° B(n,N) ¢ =—0.0005, 10" p(n)

0.50

0.25

K,/ K, K,/K,

| am not sure if this method is stable. | would use only if we fail to
find something better

23



Conclusions

Efficiency is very serious problem that makes any interpretation
of net-proton cumulants challenging

Solving triangular equation could be helpful

Simulating response matrix and fitting some function seems to
be a good idea

We could use the Moore-Penrose pseudoinverse but | am not sure
this method is stable (under study)



Backup



Cumulants

g(t) =In (Z PB(”)em) cumulant generating function

o0 k

4

g(t) = E CkF n-th derivative with respecttot (at t = 0)
k=1 ' gives ¢,

Pg(n) — net baryon/proton/charge distribution



Relations between K, and c¢,,.
Here p; = p, = p.

pK, =c,
p*K> = 2 — n(l — p),
P’ K3 =c3 —ci(1 — p*) =31 — p)(foo — for — ney)
p*Ks = c4 —np*(1 — p) = 3n°(1 — p)* — 6p(1 — p)
X (f20 + for) + 12c1(1 = p)(f20 — foo) — (1 = p*)
x (c2 —3c7) — 6n(1 — p)(ci — ¢2) — 6(1 — p)
X (fos — fi2 + for + f20 — f21 + f30)-

fi x — measured factorial moments n={ny + (n)

General case p; # p,, see PRC 86 (2012) 044904



c3/cq as a function of binomial parameter p

multiplicity distr. narrower multiplicity distr. broader
than Poisson than Poisson
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FIG. 3. (Color online) The measured cumulant ratio c4/c, as a
function of the acceptance parameter p for the five values K4/ K, =
-5, —1,0, 1, and 5. K4/K> equals c4/c; at p = 1. In both plots
o = —O0.1. In the left plot B = 0.01, and in the right one g = —0.01;
see Eqs. (23)—(25). For the measurement of the net-proton cumulants
at STAR the realistic value of p 1s smaller than 1/2 and arguably

close to 1/5.
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Local factorial moments

Fo=(NN=1)= > > (NGDING) = 8e,,])

x1=1,2,3 x,=1,2,3

1
(NCDINGR) = b1, ) = oy (M) 00D = By, )

Ox,x, = 1if x; = x, and zero otherwise

See backup or PRC 91 (2015) 027901 for general equations



Local efficiency — general expressions

Ai,k (.Xl """ xl;xla RN ,Xk) — (N(Xl)[N()Q) T 5.’61,.’62] e [N(-xl) T 5.’(],.’(,- T 8.’(,-_1,}6,;]
N(EDIN(F2) — 85,51 - IN(Xk) — 85,5, — - — S5,z )

Adi k ()C] ----- XisX1yeun, Xk) — (n(xl)[n(XZ) - 8x1,x2] e [n(xi) - 8,)(1,,)(,- -t ax,-_l,x,-]

nxpn) —0g 51 [A(Xk) — 0%, 5, — - — 0%y 5 )

ajk = €(xy)---€(x;)E(X]) - €(Xp)Aik

i g (X1, .. X5 X0, oo, Xg)
Fip = E E
XlaeeenXj Xyeuns

%, 6()61) .. .E(Xi)é(fl) ce @(f/{)
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0.6

Peculiar centrality dependence only for 19.6 and 27 GeV

-----
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Unfolding vs. average efficiency

4 I I I I I I I
B unfolding (N) =40, ¢, =0.7,
[ average eff. ¢ =—0.0005, 10" p(n)

3_

2_
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Very similar statistical error bars.




X.Luo, STAR, 1503.02558
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New STAR data at 7.7 GeV
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Acceptance

0-5% Au+Au Central Collisions at RHIC

| pTlRén.glel(léleV/c)l

4r A 0.4<p <0.8 E

L (STAR: PRL112)
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! ! AL
Rapidity Range
A |y|<0.1

g |y[<0.3 .
% |y[<0.4 .
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¢
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6 10 20 ‘IOO 200 6 10 20 100 200
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Signal is at high p;, b > 1.2 GeV. Is it expected from theory?

Signal is pretty sensitive to range of y.

Are stopped protons as good as produced ones?



