Fragmentation in e*-e-
Collisions at low Q?

Dave Kettler

Parton fragmentation processes. in the
vacuum and in the medium

Trento
February 25-29, 2008




Agenda

* Fragment distributions from p-p spectra
 Parametrizing e*-e- fragmentation functions
o Application to p-p correlations

Dave Kettler



QCD Issues for Nuclear Collisions

we observe that a large fraction of RHIC correlations
are due to minijets = low-Q? parton fragments

parton = QCD field quantum

How do partons scatter at low Q? (invariant mass squared)
How do low-Q? partons fragment to hadrons
What happens to partons in heavy ion collisions

to understand the second point we examine the systematics
of parton fragmentation in p-p and especially e*-e~ collisions

Phys. Rev. D 74, 034012 (2006)
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Two-component p-p Spectrum Model
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Describing Fragment Distributions

how to access small Q? folding integral
fragmentation function FF
d’°c dxdk“dk? dO'OI
g Loy _ Stk £100k) S ek, KD (2.0K)
dp; nz
fragment distribution FD parton spectrum PS

Interjet

>correlations

> Intrajet
.. : correlations
factorization fails hadrons __

at small energy scales energy scaleswith 1,2,3 fragments

assume: PSissimple FF can be extrapolated
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Parton Fragmentation in e"- e

how are parton fragments (hadrons) distributed on momentum

LEP

PETRA
4 color ce

q dipole

— ln(phadron)
5 color dipole radiation:
4_ «i’-?.é,_f R an equilibration process
) ? " LEP, PETRA fragmentation data: 1985-2000
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Conventional Fragmentation Functions

‘leading-particle’ strategy trigger vs associated

jet is not reconstructed, estimate _
parton with high-p, leading particle X = Prasoc/ Prwigr  Zrig = Prarig ! Pr.part

collinear approximation
fragmentation function
1 dN
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Ntrigger dX
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Fragment Distributions on Momentum

fragmentation functions on logarithmic variables

5° o wn w7 unidentified hadrons
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Precision Analysis of Fragmentation

fragmentation functions well described by ssmple model function
e-e- LEP,_’. p-p - FNAL
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g(u,y..)=BU;p,q) =u”1-u)¥/B(p,q) (normalized)
beta distribution on normalized rapidity u

precisely models fragmentation functions
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The Beta Distribution

Maximum Entropy Distributions

Maximize Shannon Entropy S = _ j dx p(x) In[ p(x)]

Beta 1.75
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|dentified Hadrons

the flavor/color chemistry of fragmentation

pion kaons
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|dentified Parto

NS

the flavor/color chemlstry of fragmentatlon
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Sum Rule

1
J o ris X D(Xe,8)=2n,(S)  Total dijet mutiplicity

jl Energy sum rule

ZmO/ﬁ,dXE X D(XE’S) =21 f isfraction of particles detected

Weobtain  2n, (X )=1.18+0.05 (f =0.59)
D(u’ ymax) — 2ntot(ymax)g(u1 ymax)
g(U, Ya) = £(U; p, Q)
1
= 2Ny (Vi) = 1.18/jO du X-(U,Y,) A(U;p,Q)

Dijet multiplicity directly relatesto p and g parameters
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Fragmentation Energy Systematics

extrapolation to non-perturbative regime
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Scaling Violations — Standard

| LI LA T T Tl pupy np—y = |
AL B B E

AB' ]

D(xz,Q°)

1 g E
_13 = -
10 ]
of .
10 F E
af :
10 | -
- \\\EHH‘ i\\\\\\\\r\s\\‘*z

1 10 10°
Q (GeV)

L N|

N |

data at right

excellent agreement

with recent measurements

Dave Kettler

3

=
o

af
10 |
2F
10 b
af
10
2
D
Q/2 (GeV)
~G. Abbiendi et al. (OPAL Collab.), Eur. Phys. J. C 37, 25 (2004)
15



dinD(y,y o) / ANy,

Scaling

Violations — Logarithmic

6
- \ g 4 =
2 1
v\ © 0:‘\ §
3 related to anomal ous
= 3 dimensions of QCD
\ =
o
82 “‘4 : é ‘ 8 CA/CF:225
Ymax Xe
: : _ _ poa | +¥ DELPHI
near uniformity to right of dotted line s@ih,,  ratio2.25
dinD,(%g,s)/dIns C, _ 3 . :é;o-oz f '»’ o
dInD,(x..9)/dIns _ C. 413 S o H\{\l

for xe > 1 and slarge

Dave Kettler

1 A Tasso (Quark)
P.Abreuetal. (DELPHI Collab.), 2p _— 7027 | % |
Eur. Phys. J. C 13, 573 (2000) oy
16



Conventional Parametrl zatl ons
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p-p Parton Fragment Correlations

RHIC p-p collision

two-particle fragment distributions

6D space: (yt11771’¢11 yt2’772’¢2)

o~
Z
Q 0.06
= =48
—= 4
S 0of
<l 001
Y,
Y1
s, Q2 autocorrelation autocorrelations are

oeo————— unbiased — access

low-Q? partons

minimume-bias; no trigger condition
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Angular Autocorrelations
o 6D Space:
%g‘% (7711772) (ytl’n1’¢1’ yt217721¢2)
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L ow-Q? Partonsin p-p Collisions
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1

-p-p Correlations on (Y,;,Y;,)
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L ow-Q? Parton Fragment Distributions

p-p 200 GeV y, =In{(m+p)/m_}
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Summary

We have described all measured ef-e- fragmentation
functions with a precise (few %) model function

The model function (beta distribution) allows usto
extrapolate fragmentation trends to low Q?

Fragmentation parametrization provides excellent
description of aspects of p-p correlations

Ready to probe Au-Au fragmentation

‘theoretical’ basis for for minijet correlationsin nuclear collisions
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