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e Motivation

pQCD jet quenching :
4 Similar suppression pa ttern of high-p; electrons from semi-leptonic D
and Bmesons decays; PRL 91, 172302 (2003)

U No broadening of the associated correlation peak (nucl-ex/051000)
in contrast to “standard picture” e.g. Phys. Lett. B630, 78 (2005)

O Induced gluon radiation should violate the x; scaling, not seen in 1°
seen in h*.  E.g. Brodsky, Pirner and Raufeisen, hep-ph/0510315.

d Why NLO pQCD work without k ?

Detailed understanding of “unmodified” parton properties in p+p is crucial
p+p data @ RHIC and LHC

 Fragmentation function D(z)

» Jet shape
(Jy) Jet fragmentation transverse momentum

(ky) parton transverse momentum
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Borghini and Wiedemann, hep-ph/0506218

Fragmentation strongly modified at p"adron~1-5
GeV even for the highest energy jets
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Width of Away-Side Peaks - where is broadening ?

0 away-side widths similar for
central and peripheral
d+Au 0.24+-0.07 rad
Au+Au 20-40% 0.20+-0.02 rad
Au+Au 0-5% 0.22+-0.02rad

Leading Particle STAR nucl-ex/0604018

Au+Au, 40-80%, away-side Au+Au, 0-5%, away-side
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O Where is the jet broadening
at RHIC? How about LHC?

a =022+007

GM—D27+OD3

nucl-th/0308028

MRS PRI PN BTSN B L
g > (oosse)ld>¢ > (oosse)yd>¢

4% of 8 < p+(trig) < 15 GeV/c ]
ML 1
F 1 .5 [ T T T 1 I
1.2 [ EEEEEE——— -
= N
ﬁ 0.9 —__—___—__}— ]
Reconstructed Jet 1 2t LA i S S 1
13 06 ]
14 C —— Central Au+Au, dN%dy=800-1200 ]
1 g 03 —— Min. bias d+Au, l.szy\.g=0.1*0.14 GeVZAm —
1 /1] : ® Preliminary PHENIX h*+h”in pP+p ]
i g 1 . 1 . 1 . 1 . 1 . 1
1 "\T GLV, QV p,-diffusion |
o o8l + N O, of C(Ad) |
o6t t =
oald. VItev -
T C(ae)=N""(ag)N"" i
2 [ M 1 2 1 2 1 2 1 M
0'20 1 2 3 4 5 6

Pr [Gev]

10-Jan-23 DongJo Kim, HIM 2007 4



e K RRYSICS
Reference to heavy ion:
* Broadening in the “punch through” - high-pT ?
 Broadening in the “Mach cone” - low-pT ?
Understanding of (p)QCD phenomena

« V(k2;) evolution with s.

« Resummation techniques Vvogelsang,Sterman,Keusza Nucl
Phys A721,591(2003).

« NLO physics - p, distribution.
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transverse |

« acoplanar in P, x P; space
« acoplanar in Py x P, space

K measures the accoplanarity of the two back-to-back jets
In transverse plane
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Feynman, Field, Fox and Tannenbaum (see Phys. Lett. 97B (1980) 163)

Intrinsic k; “fermi motion” Soft QCD NLO radiation.
As an example - J/y production.
oA
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QuickTime™ and a C J/\|f
TIFF (LZW) decompressor O—P—
are needed to see this picture.

Away /

Power law tail @
large value of pr

/ (Pr)y, =1.84+0.23+0.16 GeV/c
h,(irigger)

Phys. Rev. Lett. 92, 051802, (2004).
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<pT2 air> Gussian @ Pr,i—0
<sz> — S <sz> 4 <sz> + <sz> ———  Leading-Log resummation
2 Intrinsic NLO soft Vogelsang,Sterman,Keusza
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" Soft Gaussian +
... hardpowerlaw

D. Boer and W. Vogelsang,
Phys. Rev. D69 (2004) 094025

J. Qiu and I. Vitev,
Phys. Lett. B570 (2003) 161
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o - correlation runctions 0.5
t = 0.4
z$ 0.3;
.-z-§ 0.2
0.1
1
33
Z

p+p>jet+jet

oy o« (J7) jet fragmentation transverse mom.

or o« (Ky) parton transverse momentum

Y, o folding of D(z) and final state PDF.
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Corrected for acceptance

...............

A &

|
3.0<p=8.22<3.5]

with 1.40-5.00

2 .- ]
\quout> = 0.987 + 0.012

9.0< pn=9.44 <10.0 |
with 1.00-5.00

(P2 )=0.749 + 0.038
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... Triggerbias

There are ALWAY'S two types of trigger biases when correlating pryigger®Prassoc

z-bias; steeply falling/rising D(z) & PDF(1/z)
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< thrigg > > < pTassoc>

Ky

hat-x,, bias

A

------- v Selecting events with p, > pr,
forces k; vector toward trigger jet:

y 3

y 3

A
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M.J. Tannenbaum Approximation -
law for final state PDF and exp for D(z)

1 1
“—1/ dzyz{'~ 2exp —bz, |~ <m> (?’L _ 1) .

do.
dpry
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N p+p @

We gave up an effort to extract fragmentation function from di-hadron data,

direct bhoton analvsis under wav. For D(z) the LEP date were used.
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Iterative solution for each p+ bin by varying \/<k2T>

2
\/ k = Xp \/ pout JTy (L+X7)|  systematic errors comes from unknown ratio
gluon/quark jet => D(z) slope.
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NLO) &

Phys.Rev.Lett.91:241803,2003
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10¢ : -
—_— LO pQCD | - LO pQCD
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LO gets the data only when Gaussian smearing of order of V(k2;)~3 GeV/c used. I
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Tri

er y associated spectra are sensitive to D(z

Di-hadron correlations

0= D(z,)D(2P)x (p“)dz
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No trigger bias - associated spectra reflect
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n0-h (Data) Direct y-h(PYTHIA)
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i.  Constructinclusive y-h yield ‘ 3

ii. Construct decay y-h yield via:

«» Pair by pair weighted
summation method

e convolutes all i%h pair
contributions from higher p;

« Weight reflects the probability
from kinematics for a 70 at given
p: to decay into a photon in a h |
given p; range ub

. . " R WY
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PHENIX §s=200 GeV n° and dir-z assoc. distributions \

APS Spring Meeting, April 15, 2007
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Exponential slopes still vary
with trigger y pr,.
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local slope should be pr,

independent.
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Compton photo-production
q+ g —> quark(g; ) + photon(p; )

h1 X1

.......

.......

ttttttt

X2

Back-to-back balanced

do do
—=0(p— 42]7 =0

Soft QCD radiation

do do
—— oc Gauss(A
drg (Ap) Td :

pT)/

oc Gauss(py, )
Ty

Haird NILO radiation not in PYTHIA

do . 1 do o~ 1
drp  Ap a& |, by
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1) Initial State Radiation/Final State Radiation OFF,V<k;>2=0 GeV/c

Xg slope is constant

1 G_ pp 200 GeV y -jet {<k?>=3 GeVic
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2) IRIFR ON, V<k;>2= 3 GeV/c
Xe slope is raising!

Also PYTHIA shows the same trend, though, not as large as
in the data, not so trivial even with Direct photons
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<Q.'_
1
- a—
Q.
Voo
1 | | 1 | 1 | | 1 | | | 1 1 | | | 1 1 ‘ | 1 1 |
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p“ét [GeVic]
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- A . . L
"1 RIA y-h Simulation p - orrelatior
p+p 200 GeV v -jet ﬁi p+p 200 GeV y -jet ﬁ_Tn
L 5-6 GeVic r 5-6 GeVic
— 78 GeVic l:|j:q:l 1 ) |R/FR kT ON 72) |R Only —— 7-8 GeVic
P 10-11 GeVic B
107 — 15116 Gevic ’JTE:'ZL‘ 10-11 GeVic
- 20-21 GeVic i _fﬂl_:l ——— 1516 GeVic
B _I'j!h_c'_'ﬂ 0'037 = = 20-21 GeVic
2 i - g - F
s 107 2 ol E
= = N
z - Z .02 iy -
i i =y s
L _?:'j o
== =
107 a====ai =
- 0.01-
7\\\|\\\\\\\\|\|\\\\|\|\\\\|\|\\ _‘3"“‘2‘““1““0‘““4"“2‘"“;
3 -2 1A 0 0 3 ) ) A
~Y D -
pTl B ppair th ppair

10-Jan-23

1)  Prpair cOrrelated with trigger photon.

(IRIFR ,k;: “ON”)

2) Not in the case of “Initial State Radiation”.

O Itis due to the collinearity of initial

quark with photon

DongJo Kim, HIM 2007
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0.02

0.015

1’ Nevents

0.01

0.005

* -IROn ktOff g‘{ﬂ*
£+ -IROff kt On

“ <IROn ktOn

10-Jan-23

- 5 - . : - ,, -
P, [GeVic]

Without trigger correction

config sigma error
IR Off kt On 2.57 0.003
IROnktOn 2.25 0.038

- -1
x1 0-12 p+p 200 GeV v -jet P, 15-16 GeVic
i - IR Off kt On
-IROn kt On
17
2 L
c
@
>
[} —
£
~ 0.5
0

With trigger correction

config sigma error
IR Off kt On 2.84 0.258
IR OnktOn 3.08 0.335
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D1 pair LOTENtZ DOOSt preserves M2 =407 =20, Pr, — 2P, Pra

Lab frame

Hard scattering
rest frame

--------

In the similar way as we did in Phys. Rev. D, 2006, D74,
072002, we found a conditional probability for detecting
photon p, and assoc p, given parton momentum p in
CMS of hard scattering as:

Prt + Pra exp(— (Pre + Pra)” — 4P7

P(pra&epr:)

- r - A .-'-.E
pr wo2\/Prabre — P

202

)

More details will come soon
10-Jan-23 DongJo Kim, HIM 2007
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. Momentum imbalance

Phys. Rev. D, 2006, D74, 072002

)

. P +1.8  pry, 1 =2 (kre + kras)? o (ks + kra—)* : .
P, = P12 4 00y | [ e (- o+ [ exp- d| dpr
N pro 247 (k) | Jou 2 (k%) /2 2 (k2) ‘
(23)
®
0.5 05 : 0.5
045 , \fk-an.fusdp-20GeVic 0. o [t fomdp <20 GeVE 0. o {30, ed p <40 GeViE |
0.4 — contour megral E [i] — contaur imegreal g 0.4 — comaur inlegral E
D.:!S - Bessel functian with {7 12 0. e Bigssel function with e 12 0. e Bessed funclion with (€ 12
' E0 ko _
E o O o O ]
1 To T o E
01 0.1
. 0. 0. . .
- 1 0. 0. E
0123435678910 llﬁllhﬁﬂ'l"l‘]‘lﬂm 0123456768 %10
b, [GeVic] B, [GeVic] B, [GeVic]
0.35 -
— PG, =z NEW formulae ! : same results but much simplerjyg
i o F'(ﬁ“]. B, = 2 GeVic, Monte-Carlo M
0.25
e p.2f
= M . - A PR 22
et A R Prt + Pr (Pre + Pra)® — 407
15" P(Bradepre)| = S = —~ exp(— 9 az
u.1:— PT ma V/pTath —_ pT a
0.052
T R S

Figure 4: P(p7)|
Pr

1(1-ua| 1—£O

Py

, with pp = 2.0 GeV/c
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courtesy of J. Rak

10-Jan-23

“ Small k, (Gauss) and large p, power law

> ’_p Tt less probable than
gl Large k, (Gauss) and small p, power law
; T Vs =200 GeV
1r—
g 2 " L \<ki>=2.7 GeVic, p, = p
-~ 1
' o ¢ -
-~ '{‘ ----------- ; ’pig{c ..... > -~ t% 4
T . B =
pr Tt " 10°
a
Even at relatively high photon momentum 10°*
(10 GeV/c) y-h pairs still not fully in . .
. -10 A - by
power law pQCD regime. 107 10 15 20
p [GeV/c]
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e Whatabout LHC?

10

. -I Illllll I peErr ! I II:IIIII | T 1 11T ] T 1T 1TrJrrrrjJrrrrygrrrit T 1 1 1 T 1.1 1
- Dimuons ] 1__ | | \Tﬁlz-:e.u Gevic |
- = Dijets A T N _ 5.0<p_<6.0 GeVic I
= 8 « Diphot S 107277 N " -
..E - photons g - _ 15.0<p_<16.0GeVic ~ _
% -+ PHENIX * 107 ."°~._:§5.0cpn-.—25.0 GeVic
S 8 J a & F |
: TR L] gt
84 p T A& = F
+ | A 0 O 108 T T
o * L I u
S~ B .+3" _I - a 5
2 I (go‘:’ ; ] 10'10 -
e ! -
u-rﬁ' Lol Lol vl ] 10'12  RGRCETEE
10 10° 10° 10 0 A
s [GeV] P, [GeVic]

PHENIX measured (pr)p,,=3.3610.09+0.43GeV/c
extrapolation to LHC V(k2,)=6.1 GeV/c
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AUl I Ile

Abmax f@i") (ﬁTt + ﬁTa] EX[J(— (Bre+Pra)?—4brPra cos? (A0) )d&ﬁ

_ — Az 22

Pre 0o Abrnaz f(ﬁT)(ﬁTt 1 ﬁTa) exp(— (Bri+ira)®—4friPra Cusz[%ﬂg} )d&ﬂdﬁT&,

.ﬁ']"a:min — Ay ax 2o

P(bra)

(26)
" -\‘\ - 24
3 w,, géﬁ‘;slz',s,z g 2 ..

NN - § J Deviation from dashed
10 E : " lines (the true slopes of
SEa 2 D(z)) at low p; due to the
F £ v k; bias.

10°F E 10
A

/5 : O Unlike the di-hadron
”r?ﬂ 0.2 D.Id l].lﬁ l].lﬂ 1;1.‘2 1!4 1IB 1.IB ; 1] l].|2 IJLII 0.6 0.8 'Ilﬂ 1.I2 1:4 16 1.8 2

A distrib for " o Jh correlation it
ssoc Xxg distrib for .
various slopes of asymptotically converges
D(z)ocexp(-k*z) T to the correct value.
N
: " Ve B 0 Knowing that we
s L could unfold the k; or
Fo correct for the bias.
g a://\

| | [ L i i L | L
5 10 15 20 25 30 35 40 45 50
Pr
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= DU heed (0 KNow

m — 2v decay kinematics E_=250 MeV

(6* =0 and o =~ 1) one photon takes almost all 7% momentum and the other photon travels

backwards with negative momentum component p., < mg/2.

Trans. From 7° rest frame RF to LAB Useful definition - asymmetry parameter:
ELAB — o(BRF + BEFF) = 47(1 4 Beos)
| LAB RF mf : E"‘ — b *
B = B = ZTsing’ Q= E. +E. a = Fcost

: : My X
pif = y(BERF £pfF) = 7 (B % cos )

pid? = B = TTsing’
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L ]
JecaVv bnoton oneninga andle

Inv. mass ofthe twodecy m:2=(G++G_)*=2E.E_—2E.E_cosf,

Pl—a?) -2 728 —o?)—1 _ EX(1-a?) - 2m?

cosfy =

7?1 —a?) Y(1-0?) EXl-o

When a—0 and do the Taylor expansion of cos*(1-2/y?) you find 9, = ;I

— RN RRRE — 0.4 ML A B ]
o B — 0 =0.0 g 0 E
] = 0=0. - pi° energy E
T, iy =05 £0.35 1.5 GeV ]

=07 | = b 2.0 GeV ;
[ \ O a=0.9 2 0.3 3.0 GeV B
o 10 o = J S 5.0 GeV .
£ G S0.25- ----- 15.0GeV s
2 2 o2 :
= c e
& ® 015 ... -
o Q=
o o 01 #
& QT

0.5 E

1 I

asymmetry o
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dN,|  dN,ds* 2

dE,| . d6* dE, prs

—h —

o o -
~ - b (=]

e e -

T

p. (GeV/c)?’
S

-
o o

L
e |

1/N,, dN/d

-
(]
&

| ! | \ | ]
y=0, input n=7.0

i 0.
A 1 n=7.0310.00 | 0.
A Y, N=7.04:0.01 prdl:
=
{ T o5
| B
] 0.3
o Efuny, '
i
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Since

_dN, do* 2

= d0- dE,  prs

10 I I L B ™3
0.00<y<0.00; 0,=2, input n=7.0 ]
B, | A myn=7.08:0.01 7
..Q 1 r*}{ ~ gingle decay y E=0.2 E
E 1070 e E il 07,
= 10*
=
a 19
10 o
-u-; -5 %ﬁ &;?j.;.l?‘l e
£ T ]
_In.]' | ] | IR §l
0 2 4 8 12 14
p.” [Gev/e]

10-Jan-23

DongJo Kim, HIM 2007

thus

and

oT
=
&

33

1/N,, dN/dp_ (GeV/ic)"
=
tn

- —
2.3
I

' T T T T TTT T 178
=0.35=<y<.35; l:r,=2, input n=7.0

& 1, n=7.03:0.01
single decay v E =0.1
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=
o]

4 0 12 14
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EMCal ener

dE, 1

o = $§Em88in g*

dN, dN,df§* 2
dE, d6* dE, pr,

Decay photons energy and asymmetry
distributions are in the ideal situation
(no detector response) flat.

NLO Theory 7/NLO Theory n°

“Direct” photons from n° E_/E_~ 2% @ E_=10

GeV, however, y/x ratio is also of that order

cut : another source of “direct” photons

pp, dAu, pPb, AuAu, PbPb s yX CTEQ5M BFG set Il M =y =M, = p,
pp, dAu, pPb, AuAu, PbPb — 1°X CTEQSM KKP M =p =M_ = p,

\ls = 200 GeV AuAu EKS98 Eloss T
\ls =200 GeV pp 7
\ls = 200 GeV dAu EKS98

+ & 0 »

N\s = 200 GeV dAu EKS98 A"

1 1 I:‘_|~IIII|

Ll 1

\s = 5.5 TeV PbPb EKS98 Eloss
A Ns =55 TeV Pp
& Ns=14 TeVpp
¢ \s = 8.8 TeV pPb EKS98

2
P, (GeVrc) 10
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O High pT n° suppression at RHIC itself poorly informs us on how exactly the produced
medium affects the propagation and the hadronization of high-energy quarks and gluons.

+ Detailed understanding of “unmodified” parton properties in p+p is important
O =0 - h correlation is not sensitive on the determination of fragmentation

% Trigger bias

< PHENIX measured (pr),,;,=3.3610.09+0.43GeV/c

< Extrapolation to LHC (k2,)=6.1 GeVI/c

U Need y-h correlation
*»» but we found there are still biases ®

(1 But Trigger bias due to the k; in both h-h and y-h
% seems to be under control. ©OOOOOOOO
% We developed the analytical tools to correct the spectra
and resolve the fragmentation function.
U Experimental aspects of direct- y isolation were discussed
% Isolation cut - contribution from =°
% Subtraction method under development
U Data are being looked at with more strict isolation cuts and subtraction method
with combined PHENIX run5+run6 data sets.
O ALICE PHOS full chain analysis with recent updated responses on-going
from PYTHIA standalone mode.
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