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PhD Timeline and Projects
\ Design, construction and

testing of the prototype-TPC

Validation of the Glauber Model for centrality i:“
determination in d+Au collision system L

Aug, 2015 Prof. Tom Hemmick Dec, 2018 Prof. Gabor David Aug, 2021 Dec, 2021
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o p+Al, 0-20% L o p+Al, 20-40%
0 p+AU, 0-20% @ | O p+AU,20-40% @
O  d+Au, 0-20% O d+Au, 20-40% . .
S o vemonn e e o Puzzling behavior of

Raa in small systems

- Supression in central collisions =»
Formation of QGP droplets?
- Enhancement in peripheral collisions?

Is the determination of N, in
different event classes biased

o [ l 1 1 1 1 l 1 1 1 1 I 1 1 1 i I 1 1 1 1 I 1 1 1 1
0
P, [GeVic] P; [GeVic]
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How do we study the centrality
bias in experiments?
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Invariant yield of m® and direct y
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No dependence on centrality

Invariant yield of direct y

Dependence on centrality Dependence on centrality
—

NO dependence on centrality

Dependence on centrality

S

_ Invariant yield of t°
Dependence on centrality

Hypothesis #1 : The centrality dependence of i is from final state effect

Hypothesis #2 : The centrality dependence of nt® is from bias in determination
of N, in different centralities




Au+Au = 18
. . Sl L
= 2004 Au+Au Vs = 200GeV
Ratio of direct Y 5. L . 00-10%
0 L 20-30%
over 1 30 40%
i 40 - SO:A
Clear centrality dependence = 88 i 9802
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Au+Au, 0 Results: PhysRevLett.101.232301. Au+Au, direct Photon Results: PhysRevlLett.109.152302
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Nuclear Modification
Factor of m¥s
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Nuclear Modification
Factor of direct ys

RapcL(pr) = (dfTZn)AB = (A5)
| (NS a * (oo (Negii)as * Y (pp)

** There is a centrality dependence of direct ys

“*The mostcentral-eventsare suppressed{<1)}

and peripheral events are enhanced (>1)

“*In the given p; range, to first order Ry,,
appears to be flat.
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“* In central events the 1 are suppressed and no suppression observed in direct y.

“* In most peripheral events, the degree of enhancement of n° matches that of direct y.

Nuclear Modification Factor of m%s and direct ys




Experimentally determined N

coll
d’>N”
Nea:p . ( dpTdn )dAu
< coll > o d2 N~

High p; direct ys are transparent to QGP and scales exactly with the number of binary collisions in an
event sample.

Better way to measure N, than standard Glauber model.

Can also be used to test the validity of any other modified Glauber models.

Note : on the right hand side, the numerator and the denominator are p; dependent. The value on the left
is obtained by dividing each p point and then doing a linear fit to get an average value.



Deriving N | from direct YS Bias in N, is observed in

peripheral d+Au collisions
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Deriving unbiased R%,

0 70 0 T
B Rinuer (V! Yew) (Yo /Yed)

Using experimentally derived Ncoll = Renormalising Rz, o; With Rja, cr




Unbiased Rz,
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0 _ RdAu,G’L _ (YdAu/Ypp ) — (}/dz:u/ydllu)
B Riguer (Va/Yo) (Y /Yih)

First evidence of suppression in Riexe

<+ After correcting for the bias, the Riuexe

rrrrrrrrrrrrrrror T | ||||||||| ||||
d+Au 15 = 200GeV , Inj<0.35 X Dogs not show any enhancement in
peripheral collisions

dAu,EXP
o

* linear fit to R}, e in [7.5 - 17] GeV

0

R
L

** Does show suppression in central
collisions

Global systematic uncertainity of 17.65%

-
N

¢ There is no identified source of systematic
error which has centrality dependence.

0.8 t \ s . . . .

- B %+ Detailed study including,

. PH ENIX § . : - 3
0L  preliminary ] ** ongoing analysis of p+Au ,>He+Au

0T e e e T e e o ** initial st.ate effects on th-e production

dN, /dnl mechanism of % and direct ys
'rl:
Q @ is necessary to understand whether this observed
suppression is an initial or final state effect.
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PH. ENIX
Definition

Nuclear Modification Factor

(dedn)AB B AB) @
(Neow)ap * (GEX) . (Neou)ap * Y (pp) P+

dprdn

Rap(pr) =

How is heavy ion collision different from a scaled p+p collision

?
— 60* ©@——0

| i - AudAu
A0 b=6fm A5 b=61m

-10 -5 0 5 10 '-15 -0 5 0 5 10 15
x (fm) z (fm}




Using direct photons at high p; to

measure the number of binary

‘ r |t| a | m Otlvath n collisions (N_,) in a system

o p+Al 0-20% o p+Al, 20-40%

o p+Au, 0-20% O p+AU, 20-40%

O d+Au, 0-20% O d+Au, 20-40%
157 & 3esau, 020% T o HeAu,2040%

Observed supression in central
collisions remains even after

correcting for bias in N
determination

1
o p+Al, 40-60%

l° Ip+AI,60—72%
© o A, : . Observed enhancement in
~ GV | - peripheral collisions is an
S ST ”%# -+ S artifact of bias in the N
g 0_55_ | | determination using Glauber
2 S [ model for small systems
o N S

10
P [GeV/c]
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Ras(pr) < 1is a signature of QGP

1) m%1,,)/1,w interact with the  g7F ™o ms famern ot motewi

§ direct y (PRL109, 152302) § JAp 0-20% cent. (PRL98, 232301)

. ol #~° (PRL101, 12132301) # © 0-20% cent. (PRC84, 044902)
QGP = Rag(Pr) Is suppressed of  Pomom femEoe
1.6 R &
1.4}
: : Lo
2) Direct photon is transparent to TR
o o 0.8} o8
the QGP =»R;(p) is unity o Fo
0.4}
0.2}
00 2 4 6 8 10 12 14 16 18 20
pT(GeV/c)
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F Au+Au 20-30%)\5,,,=200GeV
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u+Au 40-50%\/5,,=200GeV

- Most central collisions show 125 pHENIX PHENIX "
: L[ e | T R e
the most suppression. < o g
o 08F 2

- Vanishing suppression at % O8F ; m -w s | H
peripheral collisions 0-4:—'\“_ s @ :

0.2 o (-\
- Intuitive trend in centrality o T T T T
for a system with QGP 125 Au+Au 60-70%\[s,,,=200GeV u+Au 80-92%\/s,,=200GeV
creation ,1-2&5&{% _____________________________

oot saiigh ¢ |

0.6f t

0.4f =

0.2f -

o...l...l...l...l; Pl BT P |

02 4 6 B8 1012141618 0 2 4 6 8 10 12 14 16 18 20
pT(GeVIc)
Phys. Rev. L 101 (2008) 232301 2




Centrality binned PMIX
Rap Of direct y

&)

: . . 218 s‘-ZOOG‘eV | | | | | | | =
in Au+Au collisions R e | =
..8‘ o:t;;— .o°o"|¢§§—o ¢ ¢ } } I-_—g
A= 06— —=
© e @ 3
- Unity at all centralities. n:glg 2: ﬁ;ﬁm oy
- Direct photons are transparent to =~ o AwALOSR T
QGP 8 o prasctiEgt &
= 06—
- Using high p; direct photons, we © o = (b)
obtain : mé:gé e
‘)/ > 1.4 Au+Au, 60-92%
5 — 1.2
exp Yield 4 ® osf ;iiﬁi_{_{
(0 . SE- (c)
Yield 02
pp

Phys. Rev. L 109 (2012) 152302
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Measurement of average number of

binary collisions from bulk observables

Y (AB)
| (Neour) aB* Y (pp)

Number of charged
particle from BBC
3.1<|n|<4

Standard Glauber model
gives mapping of
charged particle in
forward region to
number of binary
collisions of the event.
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Origin of the bias...”?




high-x (effective) size fluctuations

Typical N+N collisions
....................................... Parton
O ro i
collide if b, < 2r, ' L :

N+N collisions with large-x, projectile
nucleon

The high-X parton creates the
hard scattering event. But the
underlying event is severely
depleted.

This can be thought of as

a) energy conservation or

b) change in the cross-section
of the nuclei due to the
presence of high-X parton.

r(xp)'[O NN ____________________ Underlying Event

collide if bNN <ry +r (x p) Proton Proton

Phys. Rev. C 94 (2016), 024915



In a heavy-ion collision, the presence of one
high-X parton nuclei, creates the jets, but the
average underlying event isn’t affected as
there are several other partons for
interactions.

X parton depletes the underlying event and
there are not enough other interactions to

compensate for this.
Thus a central d+Au event will look like a

peripheral d+Au event. 5
This is a py (or x) dependent change. The bin- e
shift is larger at higher momentum. i

This shrinking nucleon model has a prediction for R,,, (X) and thus we can compare it to
our data.

In a d+Au collision, the presence of one high- A) \‘ //
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™ il -
R7,, and R;, as a function of parton mo-
mentum x

z, = 202 | /s ~ 2p% /(0.75 * /S w)

CL'p - QP?TCC#Y/\/SNN




Does our data
fit the
expectation
from the
“shrinking
nucleon”
picture?
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