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Assoc. yield per trigger

High P probes

Parton kinematics are not directly

measureable:

Use high P; particles as an approximation

of the parton kinematics

\Syy = 200GeV

J. Adams et al. (STAR), Phys.
Rev. Lett. 97, 162301 (2006)

J. Adams et al. (STAR), Phys.
Rev. Lett. 95, 152301 (2005) A Davila U of Texas
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Possible explanation: softening of jet fragments




2+1 Correlations

Di-hadron correlations use a single trigger ( away side is not identified EbyE)

$ 24 correlations in away side are not accessed.
2+1 Correlations use two triggers as proxy of a di-jets:

Allow study of di-jet surface bias.

Access to §22 in away side .
Di-hadron 2+1

Trigger: E; > 10 GeV/c Trigger2: 4 < P; < 10 GeV/c

—*
A
A

Associated: 1.5 < P; < 10 GeV/c
A Davila U of Texas 4



2+1 Correlations

o = 200 GeV Au+Au and d +Au data

High E; trigger from EMCAL, second trigger from TPC

No difference found between
d+Au and Au+Au correlations
for symmetric trigger pairs

Di-jet proxy condition: |erl — er2 - |< 0.2 (back to back hadrons)

+ Au+Au, Same-side EIJ Au+Au, Away-side

+ d+Au, Same-side (13 d+Au, Away-side
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http://arxiv.org/abs/1102.2669v1

2+1 Correlations

Jsw = 200 GeV Au+Au and d +Au data Using asymmetric trigger pairs
| 2+1 Yield, |:.11|q1.n| 241 Yield, |A0|<0.7 | 2+1 Yield, |A¢|<0.7 | 2+1 Yield, 70[<0.7
—+— Mear side in Au+A —&— Near side in Au+Au
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$ 24 and ®er correlations shapes and
amplitudes look similar in central Au+Au and

d+Au . . . . .
Associated hadron P; spectra is similar in central

Au+Au and d+Au

No evidence of the di-jets proxy
interacting with the medium

Hua Pei WWND 2011
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Gamma + hadron correlations

Y, - jets do not suffer surface bias as
the photon gets the original parton

0 .
: . Compare 77 and Y —hadron correlation
kinematics

to look for E, path and color factor

Trigger E; > 8 GeV to reduce dependence of TE

gammas from fragmentation

Trigger: Recoil parton:
ydir ~ Scattered parton energy of
0 ™ - 0
T away side from
q+g ;q_|_7/ 0.L(;ngerL
= T mix >
g+ —>0+y . a/8 >
. Scattered parton energy of
0 Ydir: Q : Vi
T D away side of /dir
0
T —>Y+
yrr ~ (At same trigger P-)
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Gamma + hadron correlations

Away side 7 7 0
: a = lpa oot L7217
D" (2,)>D’(Z,)

Combined effect of lost energy
(expected: YJo has no dependence on parton E?
SE
. .). Phys. Rev. C 82, 034900 2010) < Tgkl:‘f;f O O (o)
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color factor energy loss in this kinematic region independent parton energy loss at this P;

Phys Rev C. 82 034909 (2010) A Davila U of Texas



2D Correlations

p(pL,p,) = 2 particle density

Psibling (511 52)
Fill 2D histograms (a,b), e.g. (ery, er,),

A"'A‘:‘\]_IA"A":\‘Z)I (@"1'@"2,%1'”2); (ptllptZ)l etc'

/0 reference ( pl’ ﬁz )

Ap dN, Psip (@, D) 1
\/,Oref d77d¢ _pref (a’b)

measures number of square-root normalized ratio of
correlated pairs per final of r{a,b); 2D binned histograms;
state particle (for 22, er’ space) acceptance cancellation;

two-track ineff. corrections

A Déavila U of Texas



2D Correlations

Momentum evolution

Fit function

fi=c¢ offset

£, = ¢, *cos(AD) cos(AD) away side py conservation Rid ge wea kens at
f5 = c,*cos(2AD@) cos(2A®D) elliptic flow . .

fy = eg*exp(-0.5*((An/c)? + (AD/cy)?)) 2D asymmetric Gaussian 35 long range correlation SUff|C|ent|y h |g h PT

f; = cg*exp(-0.5*((An/cy)? + (AD/c)?)) 2D symmetric Gaussian Jet fragmentation
fs = cg*exp(-1*V(An/cg)? + (AD/c;0)?) 2D exponent HBT & efe’

HBT subtracted 2D data (0 — 10%)
J}tﬁ: p, > 1.7GeVic

Ap |Data > -:1.15c-.awc|

.J’_ |Data tp 1.1GeVic |
Prg

A Déavila U of Texas
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2D Correlations

Exploring 4 with different fit function... en offcet
1D Projection of $er (2 < P;<5GeV/c: |$a0] < h=¢eosli®) cos(AD)
a - £, = cy*cos(2A0) cos(2A0)
Au+Au 0-1% f, = c3*cos(3AD) cos(3AD)

0.03 s | Data:AutAu-0:1% |
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Ao
The very central high P; data indicates the necessity of higher order Fourier
harmonics (@, ) to interpret 2D two particle correlations in Au+Au.

Ridge is consistent with coexistence of jet + non jet contributions

A Déavila U of Texas

away side p; conservation
elliptic flow
triangular flow

f; = cy*exp(-0.5%((An/c,)? + (A®/cy)?)) 2D asymmetric Gaussian S8 long range correlation

Chanaka De Silva
Quark Matter 2011
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2D Correlations

IJMPE 17, 1219 (2008), arXiv:0704.1674

P e

Excluding HBT and e+e- bins

All tracks above P; =0.15 GeV/c used

Sw =200 GeV Au+Au

2D Correlations -> Disentangle jet-related and
nonjet contributions to the azimuth quadrupole
assuming a jet model

20712Dj=A,,

A Déavila U of Texas 12



2D Correlations

Choose y; bins and get 2D correlation fits with function to extract non flow 4, from Same
Side (SS) Gaussian parameters

@ ,{EP} has high contributions at 5-10 % most central collisions

@ {EP}is due to SS at 0-5% most central collisions
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@ ,{EP} contains significant non-flow contributions for some
centrality bins at X>S,, 200 GeV Au+Au collisions

arxiv:1008.4793v1
A Davila U of Texas 13



PID Di-hadron Correlations

Looking for signs of dilution in azimuth correlations at mid P, the region of baryon/meson
enhancement in Au+Au compared to d+Au

Hard to extract conclusions since bremsstrahlung from gluon jets could increase the correlation
yield in azimuth correlations too... (higher contributions from baryons)
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PID Di-hadron Correlations

C 4o ! STAR Preliminary
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—1 Right
pure pion sample

pion-depleted sample

0 i

of pion peak

Kolja Kauder
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PID Di-hadron Correlations

Jet cone: Get background + flow + ridge from raw Trigger:
signal at 0.7<|$2%|<1.5 W pion*
: . . ® (PH+KY)
—> Drastically reduced systematic uncertainties |Ser|<0.73 Charged h
Au+Au d+Au Au+Au
T Pure cone Pure cone Ré?ﬁﬁﬁ”«ili 0.4 _ .................... ............ STAR..EreI.tmmary ......
PID yield yield > = | : e Au+Au i
i
nttrigger  0.22£0.01 0.19+0.01 0.057 + 0.005 — —
Z % 0 2 _. .................... E'E ........ t:t ....................
pr+K?) °F & 0 L . a b
. 0.12 +0.01 0.14+0.02  0.118 +0.007 j‘ +okn 5 S A Ty TR
trigger T T ; o
-y
Charged = i
ar'9ed 0.173+0.005 0.168+0.007 0.097 + 0.003 0-
hadron : - : : : :
| | | I | | |

Au+Au similar to d+Au: It challenges simple An
recombination expectations.

4 < Pririgger < 6 GeV/c
Cone yield is higher in pions Pt assoc, > 1.5 GeV/c

Proton+kaon have the largest ridge contribution

Kolja Kauder

A Déavila U of Texas 16
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Cold Nuclear Matter

[X>SNN 200 GeV p+p and d+Au

Azimuthal di-jet acoplanarity (k;) due to scattering of partons in cold nuclear matter is studied
with jets and di-hadron correlations in d+Au

Di-hadron Jets
Trigger: 7TOET: 6.5-18.5 GeV Anti-kt jet algorithm
Charged hadron P;: 4-8.5 GeV/c R=0.4,0.5

L Choose two highest PT
C Jt jets in event

Near-side(Trigger Jet)

Pi
Background : P = medmn{ﬁ}
_ meas
A ijet o ijet IOAreajet
, JHEP 0804 (2008) 063
" (Away-side) Away Jet JHEP 0804 (2008) 005

A Déavila U of Texas 17



Cold Nuclear Matter

k; is mostly independent of trigger P; in both p+p

and d+Au at X>Snn 200 GeV

[X>S,,=200 GeV

I‘*f‘frrur — \”‘2 bt {;"?1:' — V/Tr.-‘jrg ~ {-_}i‘F ‘

k; increases with X>Snn

i3 dAu o b
: KN | ime 500GeV
g i @ ) (STAR)H
8 oy : "
oL jllll fﬁ_z h*:
% o .0 "62.4GeV (STAR)
- ; oL . | )
1 STAR Preliminary 10 = L%fe\h‘u] 10°
W EEETE ST

~J
Qo

p:“g [GeV/c]

Mriganka Mouli Mondal
Quark Matter 2011
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3.5<p,"9<8.5 for Vs =62.4 GeV
6.5<p19<18.5 for Vs =200 GeV

b
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. P*P.p, 11020 GeVie

- Gyrran = 2.834 0.05 GeVic
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STAR Prelim inary

Cold Nuclear Matter

d+Au, p, 2 10 - 20 GeVie
m' Tt rawe = 2.98 % 0.08 GeVle

. —+ +

BT T T T

d+AU anti-ki RZ05
o d*Au, p 20 - 30 GeVic
Orran = 2.76 1 0.24 GeV/c

200 GeV

+

4 4 A4 2 0 2 4

pTII* sin(A
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(e |

p,, " sin(A 0)

0)

® d+Au anti-kt R=0.4, || < 0.55
% p+p MPC R=0.4 rescaled, 0.2 <1< 0.8

<N, > uncerlainty
=1 I total p+p syst.uncertainty
™| = = - - d+Au JES uncertainty

N i
26 2B 30

i
32

jet P, (GeV/e)

No strong CNM effects found in k;
measurement

Jet spectrum similar to Nbin scaled
p+p

Jan Kapitan
Quark Matter 2011
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0.4

0.2/R

Yield Ratio: R

Full jet reconstruction

Ratio of R = 0.4/R = 0.2 shows an increased Raa consistent with one for R = 0.4, smaller for R=0.2
suppression in Au+Au compared to p+p The jet spectrum is not completely recovered
F 53 —
0a- AutAuand p+p at\[s,=200 GeV/c c +  Au+Au and p+p at\/s,,=200 GeV/c
T Au+Au kt Au+Au: 10% most central
0 7:— Au+Au: 10% most central —— Au+Au anti-kt STAR Preliminar
STAR Preliminary = p+p kt 1- y
0.6 —=—  p+p anti-kt - R
0.5 -
0.4 -
0.3F i
0.2 I —~  ktR=0.4
- —=—anti-kt R=0.4
= i
- —+=-anti-kt R=0.
ol b b b b b b o L 10.1ﬁ||||||||||||||||||||||||||||||||||||||||||||||
15 20 25 30 35 40 45 50 10 15 20 25 30 35 40 45 50
p;* (GeVrc) pe (GeV/c)

This is suggestive of a broadening of jets in Au+Au collisions

A Déavila U of Texas 20



Area

Full jet reconstruction

. . (Background fluctuations)
Generalized probe embedding

v'Embed a known probe in a AuAu central event
v'Reconstruct the jet that contains the probe in it

v'Calculate irresolution:
1c

=> :
- Background Probe 310-1 HR Y E?EEQ.K?HEQ ..................................

09— — i i H
95 Au+Au @\ /S, = 200 GeV S::glfcl;':rgcla N : | Au+Au @\f 200 GeV
0.8 Py =0.1GeVic =40 £ I | ' central (0 10%) |
2L central (0-10%) n . =0.0 4 8 - Areai i
I emb 5 © i :
07" R Al a—
5 7 B
0 5 N... E
1 B10° 107
0.4/ = i , :
-' i F Prob ] '
03¢ E leSmg le Partlcle p""‘" = ’30 OGeWc
: ,. 107 | T = 1N
0.2 - ' ? . s o PYTHIA, P 30.0 GeWc 30 jets)
0.4 anti-kt R=0.4 ‘I._' h " E - QPYTHIA p"'“" =30.0 GeWc @0 |ets)
;-_ RN IS I I i R Iy 10‘5 E L L L 1 1 1 1 i 1 1 1 1 i 1 1 1 1 i 1 1 1 1 E L L L L L i
% 40 30 20 -0 0 10 20 30 40 50 -30 -20 -10 0 10 20 AC
5P = pcl pxA® - parnb (GeVic) 6pT = p°' pr pemh (GeV/c)

M+ does vary with jet area. APris independent of
fragmentation pattern

Irresolution independent on fragmentation pattern
Necessary to reconstruct quenched and unquenched jets alike

A Déavila U of Texas 21



Jet + hadron correlations

Anti kt algorithm R=0.4

Preut >2 GeV/c
JHEP 0804 (2008) 063

trigger

jﬂ\

mteractmn

regmn

Background estimated by
fitting offset +2 Gaussians
+ elliptic flow term

[X>SNN 200 GeV Au+Au and p+p
High Tower Trigger E; > 5.4 GeV

550 i1 ‘ﬁ"ﬁf}f (18500 - 15500 158500
Dy (1”1 } YA, 1( ) Pr aa };}p(fjj } Pr P

AB / !'fﬂ”*mf;r A (Iﬂ?—iﬂm")

One has to match pp and AuAu jet energies correctly on the

“’iﬂ Fasec Near Side
o 35 A Aulu, 0-20%, 10 <™ < 20 GeVie
g E
% 3 [] v2 & detector uncertainties
" e .
= 2_5:_ -ﬁE (spectrum) shift
aE- [] 48 shift
1.52—
1=
0.5 i . .
Lo STAR preliminary Alice Ohlson
= iz'l"'T-
0.5 Quark Matter 2011
A= M PRI DRI BRI SR B
i] 2 4 ] &

10
pI™ (GeVic)
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Jet + hadron correlations

High P; suppression gets balanced by low P; enhancement

Broadening of the azimuth
correlation width at low P;

f3s5 » <10
oSS 4 AuAu, 0-20% 0< g <15 Gevic SR . Audw 0.20% 10.< 5" <15 Gevle
E‘ 3 E— v2 & detector uncert. ([ 15 < pJT“ <20 GeV/c 3,_'3 [ 25 detector uncert. [ 15 <" <20 Govic
2 2‘55_ | | trigger jet uncert. [ 20 < pf" <40 Gevie E trigger jot uncert. - 20 < ,f:‘ <40 GeVic
2F
15 £
1 1
05 _ STAR preliminary
o
0.5 z—
-1 = . A
0 pisec (G;‘E’!c} 1075 L 1 1 1 1 ! ! 1

-
L

& Aulu, 0:20% 1n<pJT°‘<1s GeVic
s pp

15 20 GeV)
- v2 & detector uncert. - “ pf:t < ¢
trigger Jet uncert. [ 20 < 0" <40 Govie

1.2

Awayside Gaussian Width
-

STAR preliminary

Consistent with radiative energy loss (no black and white scenario)

A Déavila U of Texas
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o= 1 1 P | 1 P |
0 2 4 [ g 10 12 14 16
p:""“ (GeVvic)
Alice Ohlson
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Conclusions

2+1: No evidence of dijet proxy interaction with the medium in X>SnN = 200 GeV Au+Au
collisions at the given trigger P; kinematics

Yo+hadron: Neither path nor color factor dependence of energy loss

2D Correlations: Ridge correlation signal weakens at high P; cut from below. Ridge consistent
with coexistence of jet + non jet contributions. The very central high P; data requires third
Fourier harmonic () . €,{EP} contains significant (dominant) non-flow contributions at 5-10%
(0-5%) most central DO S, = 200 GeV Au+Au collisions.

PID di-hadron: Cone yield in the ®22-% ey correlations is higher in O than in (K+p). The cone
yield is similar in d+Au and Au+Au at the studied kinematics. K+P have the largest ridge
contribution.

CNM: Studied with jets and di-hadron correlations in B> S, = 200 GeV d+Au. k; is mostly
independent of trigger P;. No strong CNM effects found. Jet spectrum similar to Nbin scaled p+p
spectrum. Also, di-hadron results for XS, = 62 GeV d+Au and X>Sy, =500 in p+p. k;
increases with collision energy.

Full jet reconstruciton: Broadening of jets in central Au+Au collisions, improvement in
background fluctuations characterization. The jets transverse momentum irresolution is
independent of fragmentation pattern.

Jet+hadron: In BOS, = 200 GeV Au+Au events high P; suppression of associated hadrons gets
balanced with low P; enhancement. $er correlation broadens at low P; . These results are
consistent with a radiative energy losspeshpnis oy Teigfgvoring a black and white picture. 24
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