Measuring jet properties from n* — h
correlation in dAu and pp

Jiangyong Jia Columbia University, Nevis Labs
For the PHENIX Collaborations

= Introduction

= study of jet shape

= study of jet yield

= comment on underlying event
= Summary

Correlations and Fluctuations
in Relativistic Nuclear Collisions
TN

PH-“ENIX (MIT, April 21-23, 2005)

7NN




Hard-scattering and Jet fragmentation

—

P: jet2

AyLeading hadron
—
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= Properties of di-jet system
= The spread of the hadrons around the jet axis and
relative orientation of the two jets — width, jT, kT, Pout
= The multiplicity of hadrons — fragmentation function D(z)
= Initial/final radiation contributions: underlying event

= They can be accessed with two particle correlation in A¢.
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Probing the cold nuclear medium (p+A)
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Multiple scattering o l o
= Cronin effect |
= Broadening of the back-to-back correlation

A¢
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Two particle correlation
In PHENIX nucl-ex/0409024
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1)

2)

3)

4)

Two particle correlation in PHENIX
In ideal acceptance, real pair distribution in Ad, An is
dN* /dAgdAn = A+ jet(Ag, A7)
It is modulated by PHENIX pair acceptance function Acc(A¢, An).

dN"™ /dAgdAn = Acc(Ap, An)(A + jet(A@, An))

Pair acceptance function can be determined from event mixing technique
dN™ /dAgdAn oc Acc(Ag, A7)

Real/mix gives the acceptance corrected CY.

1 dN™  dN™/dAgdAp

: A+ jet(Ag, A
N dAgdAn AN [dAgdAn (Ag. A7)

1D correlation function: dN/A¢ or dN/dAm.
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Pair acceptance function in PHENIX

L
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Shape from overlapping four triangles:
westl-west2, eastl-east2, westl-east2, eastl-west2

Pair effi is 100% at A¢=0, An=0. average is 25%
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The correction in An
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An
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trigger assoc

07 An 0.7

Pair acceptance is limited by single acceptance: |n|<0.35 =>|An|<0.7

If we know the jet shape in An, we can correct back to true yield in |An|<0.7

An

| " danjet(an)Acc(an)
| “danjet(an)

Convoluted with pair acceptance

In pp/dAu collisions, jet shape is the same in A¢p and An. (AuAu is different!)
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Extracting jet properties

= Correlation function in A¢: per-trigger-yield
correct for pair acceptance , efficiency and An .

1 dN® 1 corr (AD)

Nirig dag N rig Z”Nm.x(A¢)/jdA¢ Nm.x(A¢)@

~

= Fit per-trigger-yield with a double gauss + constant

1 dﬁrﬂ A\ Y'?F'gd'\cm _.;lh'-*lz' Y"ie'{dFar J'—"_‘-*E"_}E
N 4 ———e _

20F

NY., Do 4 V27oy ‘ Vg
Underlying event  Near side jet Far side jet
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Jet properties

1 dN, YVieldyeo =22  Yieldp, =225
5 — A+ e °N 4+ —e F |
Ntm’g dA¢ V2mo N V2ToF

2 o 1) Jet shape
3 2) Jet Yield
é_ g o far
: wmm'mm "Hmmmm“ 3) Underlying event

0 2 4

Ad
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n*/- ldentification

g F . T T T :
g 10° ?_ .".. » All tracks _§'
£ 10°L « With RICH cut | ] _ _
£ E & e WithEMCalcut| § = RICH fires on charged pions
Sq10°L ] > 4.9 GeV/c
1’%1035 ¢ 1 = Use EmCal to reject other
2T F E background

102 4 = Total background < 5%

ok N above 5 GeV/c

o~ 20
p;(GeV/c)

Pion turn on
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d- Au/p p, t*- h, A¢ Correlations

= 1'5‘PHENIX preliminary 183 | ' | o
= 0.4-1GeVic] T2 ool 1-2Gevie ® d-Au
1= o..ﬁ. ..'ﬂ _ i :' ] O p_p
B .’ " « i B _
w ~.w... W ,
0.5} Oq&boo Qp@%%% z pT,trig > 5 GeV/c
s RSP o
- S
—F 2-3GeV/c -
02+ $ ]
3‘?

Jet width narrows with increasing P sssoc
For events with a 5 GeV/c trigger
Significant jet contribution down to lowest pT (0.4-1 GeV/c)

Underlying event yield drops quickly, negligible >2 GeV/c
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Di-hadron Fragmentation

parton — —
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Jet width in A¢
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= Width obtained from gauss fits
= Far width > Near width

= Consistent between pp and central dAu
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Correlation in An: |An|<0.7
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Near side width in An compared with A¢

|An|<0.7
V.0 e e T T T T T
a) d+ Au 1l b) Pp+p
g L -
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= Near side jet width are consistent in A¢p and An for both dAu
and pp
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No apparent indication of increased k.
No sensitivity to multiple scattering?
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KT broadening in dAu?

z KT consistent between pp and dAu
ASL2Y 2 (2
‘j"':'-';"]':-':' - ':'-'II:‘T-':'F+=‘J{ o ".'II"T-':'F+F'

A <( K Zyig )2> = 0.64+0.784 0.42 (GeV/c)’

0.8-1.6 (GeV/c)?

ka4 = (k3Y,, +C - hou(b) . C~02-04 . S
k1dpa = K)oy pab) . €~ 0.2-0. in central collisions
2 _ 2 2 2 )
<kJ_ >pA - <kJ_ >Intrisic + <kJ_ >Radiation + <kJ_ >mu1ti-scatter W.Volgelsang, hep-ph/0312320
l.Vitev, Phys.Lett.B570:161,2003.
<1(GeV/c)?  ~7(GeV/c)? ~1(GeV/c)? Y
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Alternative Method for (di)jet Shape

P
Jet (7 ~ > p Fout (\%

* llllllllllllllll

1E ?
10" _ = By measuring pout pair-
by-pair, more directly
02 - see the shape of the

J+/K; dist’s.
= See non-Gaussian tails

==X
o,
w

= - near side

1/N,,, dN/dp,,,, (GeV/c)"

4l —— far side ! — expected due to hard
107 \ _ \a E radiation.
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dAu central vs pp

= Away side Pout distributions are similar between pp and dAu
= Consistent with the KT results
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Compare Yield pp and dAu

8 i"’]”"l“"f""_i L DL DAL AL DAL AL DL
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= No difference between dAu and pp within errors.
no recombination effect for these high pT jets
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Compare pp yield with Pythia 6.131

n AR T T T T
cl Red data ) ee PHENIX Preliminary .
3 1E oo, Blue pythia <4 3 1L .
%ﬁ 5<pT,trig<6 %ﬁ
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2 "_ 2 ]
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We checked the Pythia high pT hadron yield, it's shape is consistent with PHENIX measurement
Thus the shape of parton pT spectra is same between data and pythia
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-—unear side conditional yield

—
o

near side conditional yield
Initial + Final

no radiation
Initial only
Final only

Fixed trigger! (>5) =

1 2 3 4 5
pT,am{GeWc)

Initial radiation:

= Near side: enhanced yield at large P assoc

Due to initial KT + trigger bias effect? z

Far side: small change

Final radiation :

Near side: small change.

- far side conditional yield

Initial/ final state radiation from Pythia

—
o

far side conditional yield ;

trig

1 2 3 4 5
pT,am{GeWc}

d*N
dp,dp,

< f(X)® F(k;)® D(z)

decrease, and z increase

assoc

Energy available: (1-z;;,)Ey,

= Far side: enhanced yield at low p; .. Full jet energy available: E,,
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XE distribution in pp and dAu
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/Ny AN /dxe

= Xg from 0.1-0.7

Near side yield is related to di-
hadron fragmentation function.

Far side is closer to single
fragmentation function.

No difference between dAu and
pp within errors.
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dN/dxc:dependence on trigger pT

. ] = 1 | I 1 1 1 | I 1 I | I | 1 I
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Scaling with pry,

Scaling holds for p+p and d+Au at RHIC.
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Underlying event

I
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Underlying event study from CDF

From Rick Field, ISMD2004

Charged Particle Density
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Aqa(rad)

eUnderlying event yield drops quickly
eBut minimum bias level drops even faster

e Pythia indicates most of the underlying
event is from radiative tails
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erlylng event at RHIC
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Yield

What Pythia tell us?

§I I I L LI I L LI I L | L I L | T §

on [ Pythia 6.131 -

s — = . N

' ' 'E jet

'E S Te . ;
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: 1 (- 3 ¢ o0, ¢ E

10k = - | CG — Q 7

ol ® Underlying event]

107 * E

V A E pT,trig => 5 GeV/C E
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10"4 i 11 I 11 1 1 | | I - I 11 1 1 | L1 1 1 I 1 1 1 1 | | I [ - I 111 1 | | I - |
wl ] 0 0.5 1 1.5 2 25 3 3.5 4 4.5

with raditaion

pr (GeV/c)

Consistent with radiative contribution

Ad (rad)

The underlying event is harder than the inclusive!
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Summary

The di-jet decay kinematics are studied with n* — h
correlation in pp and dAu.

Width,thus kT and Pout distribution are very similar
between dAu and pp, indicating no significant
broadening in cold nuclear medium

Jet yield distribution in XE and pr ;.. are also similar
between dAu and pp, indicating no significant increase
In jet multiplicity in dAu relative to pp. Scale
dependence is weak in measured trigger pT range.

The underlying event yield for triggered events is much
harder than inclusive yield.
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Jet multiplicity: centrality dependence
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Pythia Pion yield compared with data

Line is fit to data
Red point is pythia piO yield

has the same shape

Which means that the parton
spectra are the same!
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