Furst glance at hard scattering
phenomena with ALICE at LHC
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2009 and 2010 p+p runs at
Vs=0.9 TeV ( 10x10 events)
Vs=7.0 TeV (300x10° events)

excellent test bench for pQCD
study:

—Highest Center of Mass energy ->
lowest x, reach -> factorization,
pQCD evolution etc.

—Preparing the stage for Heavy Ion
physics — nuclear modification of
parton properties in excited nuclear
medium
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\ “Rediscovery” of (p)QCD im ALICE

delivered integrated luminosity (nb'1)

PHOS,
TRD,

TOF

EMCAL

16

14

12

10

PREQMWARf(i10%sc0b)§ %

-©- ATLAS/LHCf ‘ 4
[ -g- Aauce """"
B I o WS S e

e LHCD o e

90 100 110 120 130 140

day of year 2010




('\.] “1 0 T T T T T TeT T T T L lg
5 - Submltted to PLB - J.Phys.Conf.Ser. 69 (2007) 012035
> b " @ 5 hep-ph/0702083
S = : i S ~ 10 S
- -1 N‘-" o .
g 10F E SO0k penx 3PN T
= = () O % -
= B . S 4L" I o ()2
E 1 0-2 E E -g g 1 “I
= = = ~ 10" gF "
[&] | 1 (] \O ’ N ..
-3 o » 2L L
g 1% 1 3w Y
‘o 104E ALICE Prelimina i &5 10° i \
o 107 ry = w 104 -~
— 3 -4 o \ —_
S . of i » e (i
= 10°¢ pp, INEL,Vs = 900 GeV, | n| < 0.8 10° T e, evio
3 - —e— ALICE data 10°
< 10° = —— mod. Hagedorn fit
A SR power law fit, p_ > 3 GeV/c 10" 1o paco
! ! T N N B B ! ! I T N N B B 10—8 (by W.Vogelsang) s \
~ CTEQ6M PDF; KKP FF
1.5 — 10'9 M= pT/2, Py 2pT \ """""
© T C = 4
‘(_“' : 0 _IIIIIIIIIIIIIIIIIIIIIII|III|III|III|III
E 1 _ 8 1E RN 9.7% normalization uncertainty
4 - . 2 N is not included
= - ALICE systematic uncertainties 2 05F Sheellll L. .
0.5 - S [ eemeeel L. -7
~ —e— mod. Hagedorn 3 a OFf = s —=
_ t - i“' 0.5 F / ................................................
C O B 8-05p
1.5 [ K 3 T o 2 4 6 8 10 12 14 16 1
© - » OQD 4 0 2 4 6 8 10 12 14 16 18 20
8 1 P; (GeV/c)
& 0.5 - ALICE systematic uncertainties oNL.O agreement
-  —e— power law .

10 1+ 10  *Turn over from soft to power law around

7/22/10Power low fit (3-10 GeV/c)’r (¢®"@  pr~3 GeV/e. Soft/hard interplay.



f%] More exclusive observables
Leading particle azimuthal correlations

Leading particle approximates the jet
thrust.

—Near side (intra-jet): “Single” jet

properties
Jr
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—Away side (inter-jet): Di-jet, hard
scattering, properties f)T oair
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Jet pair yield

near

underlying event
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Ky phenomenology
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Resummation we.g. A. Kulesza, G.
Sterman, and W. Vogelsang, Nucl.
Phys.A721, C591 (2003)
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Soft + hard QCD radiation

Back-to-back balanced

do do

—— - 5(p-m) —|  =08(G, - pry)
dA(p CD qu pTy QT pTy
“
Soft QCD radiation

do do

— x Gauss(A@) — « Gauss(p,.,)
dAg ’ dqy | Pry o
Hard NLO radiation

do 1 do 1

x -n = x -n
dAp Ag dq,|Pry Py,

<k7%> - <k7% >INTRINSIC + <k7% >RADIATIVE + <k7% >NLO B



%¢ CF 0.9 and 7 TeV

Vs= 900 GeV Vs =7 TeV
\/s=7 TeV 1.5<p_<15.0
s=09TeV 1 <P, <10 0 3<p <4
- . L <p.< _
- 2<p_<3 E 10 E Tt ALICE prellmlnary E
1 ; T &%LCz%tﬁrellmll?ary - May 15th 2010 N
% E 1 E 00?1 W =
10 A 10 & 4<th< 5 =
T E | -
1 ? E 1 &= UV IOS SV VI —
107 [ H‘” ---------------------------- §' 10 ? | t
= 4<p,<5 3 B -
§ 1 ; ; - 1 ;:.;éé,é
= o R, RS e z[g 0 F 6<p <8 H
10" b o 4 °= F 1 E
=5 ><P;,< 8 SRR =S
-O'C'm 1 ? E 10 = 8<th<10 =
|5 unehLRRRR AR NN R S - | =
10" & — C | obeca =
E 1 et i) 5 (s .*¢ RLOL 6004 =
1L 10 £ 10<th<15
107 g ; ; R 15 i 3 995 15 """""" i """"""" 55"
0 0.5 1 1.5 0 5 1.5
A¢  [rad/n] A¢ [rad/n]

Large statistics allows up to 30 GeV/c of the trigger particle.
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(Un)correlated p; distributions

s=7TeV 8<p <10®1.5<p_<15.0

[ Correlated |

i I [:Jncorrelate(jl I
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Ao [rad/x]

Three A} regions:
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1.  Uncorrelated 0.25<A$<0.55 rad/m
2. Nearside -0.15<A¢$<0.15 rad/m

3. Awayside 0.85<A¢p<I1.15 rad/w
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) Initial state radiation

 Uncorrelated pr, distribution

— Power law n~4. If purely 5
Underlying Event then it should PYTHIA [ [reerel
be pr, independent. Dashed line ] o Away side 1
power laW ﬁt | — !.;‘;. ................................................................................................. —
c i s T |
. . o s R
* Near side p, distribution 3 %9 ] -
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— Becomes harder with pr, [ “a, O l
i A, (ST
i & o RERRRE @,
+ Away side p., distribution D A
C | ! |

— Becomes harder with pr,

Because the uncorrelated (in azimuth) yield 1is, at least partially, correlated in py
it hints the contribution of Initial State Radiation in addition to the Underlying
Event source.
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i Angular ordering
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L Color coherence — angular ordering

* Modified Leading Logarithmic
Approximation (MLLA)

— destructive interference of the
small angle radiation
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Dokshitzer, Y. L. et al: Hard Processes in QCD CDF collaboration, S. Jindariani, A. Korytov, A.
Pronko, kL Distributions of Particles in Jets at CDF,

Phys.Rept., 1980, 58, 269-395 CDF reportCDF/ANAL/JET/PUBLIC/8406 (March
2007
Fong Phys.Lett., 1989, B229, 289 )
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p@®.  distributions
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This integral is analytical for integer power n (enough for narrow p,, bins)
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Uncorrelated‘ aNn TR

power n = 4 fits the data best
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Full azimuthal coverage of ALICE allows precise
107~ —  climination of the uncorrelated (in azimuth)

particles due to the Jacobean peak.
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\s=7 TeV Near side log(p,,.) uncorrected distributions
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: Jet-fragmentation transverse momentum

1 ALICE preliminary . 1 ALICE preliminary .

i 28.06 2010 ! i 28.06 2010 !
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< ];> — 678 + 12 MeV/c  All measurements agree within
200 GeV stat error bars! Systematic errors

not shown.

=673 =+ 5 MeV/c
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Correl. fcn width - £ and acoplanarity

Lab frame

Hard scattering

restframe  -p_
....................... T 2kTy
(P
. . . A ﬁTa . . . pTa
k.-induced jet imbalance x, (xh) = — particle pair imbalance x, =
pTz th
Z,) 7. |1 ) |
partonic <A—t> < kT> = — \/ < pgut> — < ]ﬁy > (1 + x}%) hadronic
<xh > A
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\ Small pTa bin -> no fluctuations/biases

Decomposition analytically.

The only assumption here is a
shape of an effective
fragmentation function. For

details see backup slides.
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World comparison

Dimuons

Dijets

Diphotons
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Phys. Rev. D 74, 072002 (2006)
extrapolation to LHC Vs=0.9 TeV:

extrapolation to LHC Vs=7 TeV:
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(Pr) =2 (k)= )

(k;) =49 = 0.1 GeV/c

V<k2,>=2.68+0.07+0.15 GeV/c
<Pr>ai=3-36+0.09+0.43GeV/c
V<k2>=3.9 GeV/c: <Prpai~4-9 GeV/e

V<k2>~5.6 GeV/c: <P ~7-0 GeV/e
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i Summary

 The leading particle associated yield was analyzed in order to
study

— Initial state and higher order radiation — uncorrelated p, distributions

* Possible hints for NLO phenomena seen in the high
trigger pr, associated p,, distributions (excess over
PYTHIA)

— Jet fragmentation:

* The jet-fragmentation transverse momentum j . seems to
be independent on the trigger particle momentum and the
mean value is comparable with lower Vs measurements.

— Di-hadron acoplanarity

* Mean net parton-pair momentum py ;. ~ kr seems to be
in a good agreements with the phenomenological
extrapolation from lower Vs data.
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o] Kinematics

’ 2_i\/2_-2 2 _ Pr, - S
<5ch>( (7 ) Pr pr) <kr>_xh (Pla)= () py Do e I = O

Assumption (Phys.Rev.D74:072002,2006 for details) : - P, v A

Invariant mass of mass-less partons in hard
scattering CMS and in LAB is the same ->
non-Gaussian kp-smearing.

1

<Z;>( <k§>»pwpra)= [dz, 27 D"(z) (2,
xTt
Jsi2

. s el Po) o (P
<xh>( <k7%>’th’pTa)= }Ldpnpn "D Lg—;J .ng_ﬁ;J

Jsi2 .
where kT'SmGaredparton ol Z:,Q(Zf)= ’{dﬁT Z:Q(ﬁT){d(pp G(ﬁn’\@)l)”(i:) plT

Sami Rasanen developed new machinery for these integrals
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(%T@ Final values of the kT imbalance function

Symmetric correlation
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