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Double Parton Scattering

Jodi Lamoureux
Brandeis University

Oa Og

c.=m
DP 2Gef1‘

N = 2if A and B are distinguishable
1 if A and B are indistinguishable
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Previous measurements of (')'eff

Each used a 4 jet data sample and searched
for the presence of uncorrelated dijets.

D AFS Ogff ~ 2 mb [z Phys. C34, 163 (1987)]

D uaz Ogtf > 8.3 mb [Phys. Lett. B268, 145 (1991).]

D COF Gg=12.1%07
P Prediction - hard sphere proton 11 mb

P Do preliminary - Et > 25 GeV, 1 vertex
Use 10 input variables to tune neural net
o between jets, energy balance of jet pairs, S, AS 3 /
Tune on PYTHIA's QCD prediction of 4 jets |
and a model derived from combining 2 dijet "” Oe
events. [FERMILAB-CONF-96/304-E]

DO Preliminary

mb [Phys Rev D68, 4857 (1993

10

Relative Yield

10

/ 0 02 04 06 08 1

QCD like , Outputs of neural network DP like



Double Parton Result:

B NDI Ncross(l) A[)p
TN 2N () A e
DP cross Di
-720
N, =73602360 o0 326% L vertex)
N, =1060=110+110  17.7% 2 vertex)
Dl
Ncrc;ss (.l) I =00 ADP
. ' = = 206 =002 = 0.958
" cross (=) A i
O =309 :i3impb




Conclusions:

First observation of a statistically significar
double parton signal.

+1.7
o, =145%x1.7 93

In agreement with the hard sphere
prediction of 11 mb.

mb

The radius of the proton is 0.73 = 0.07 fm
assuming a constant density spherical
proton.

No x dependence to G, is apparent.

No correlations in pt, pz or mass have
been observed.

This represents a milestone in the
study of double parton production.
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Dijet Cross-Section in vyp interactions at HERA

/

l Di-jet Cross-Section I

108

H1 preliminary

do /dx.**/dlog(E:*/E,*) Inb]

— L0 QCD

0.75<x,"<1 (X 10°%)

0.5<x,<0.6 (X 10%)
0.4<x,<0.5 (X107

0.3<x,*<0.4 (X 10%)

¢ dota

0.6<x,*<0.75 (X 10°)

0.2<x,"<0.3 (X10)
0.1<x/"<0.2
10° 10° 10
EGeV?)
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Comparison with NLO calculations
(Klasen,Kramer)

ZEUS 1994 preliminary
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e > F,/Area outside jets in region —1.0 < 7* < 1.0 in vp centre

’Evidence for Multiple Interactions'
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Dijet Cross-Section in vp interactions at HERA

/

\

1
F],h,” h"l‘“’ ¥ _ 20 “’?

| Introduction .

e Photoproduction of high p, jets is sensitive to photon and

proton structure.

DIRECT
g x( = l
Q . 2
Jets ts 3 -Mn N it
X? - Ef c 1’ + E‘l’ IL
.’23&
5 p remnant
RESOLVED
€ ¥ remnant ¢ ¥ remnant
Xy < | Xy
Pets }Jets
X
5 p remnant 5 S p remnant

e Probability of finding quark with energy fraction z., in photon

predicted by pQCD:

ANOMAROWS (omPonenT
OF PuoToN.




Dijet Cross-Section in yp interactions at HERA 10

/ |Single Effective Subprocess Approximation'

(Cantigae + MARWES, 19¢3) .
e Dominant contributions to dijet cross-section:

qq—q9 qg—qg g8—gg

PGP GRS

e Shape of these matrix elements is similar:

9 9
| Myg %] Mg 1:] Mg [~ 1: . (Z

e Use a single effective subprocess (SES) where
| Msgs |?=| My, |* and define effective parton distribution

functions:

e Differential di jet cross-section becomes:

d*o Frre j?",‘ ,
dydz.di,d cos 6~ Y Ty Ty

Mgpg(cosB™) i2
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e Data shows increase with p? compatible to the logarithmic
increase predicted by pQCD from the anomalous component
of the photon. (c(: ﬂh’ ~ l"‘MC-t )

e Different to behaviour of other hadrons eg «.

e In GRV parameterisation, quark contribution to the effective
photon pdf is 80% for 0.4 < z, < 0.7.

N | /
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Jet Definitions

Standard in Hadron Physics: "Snowmass’ cone algorithms

We compare two algorithms using a cone radius R = 1:
PUCELL CDF type cone algorithm

EUCELL another cone algorithm used by ZEUS
Differences: seed finding and cone merging

(but both are in agreement with the Snowmass convention)

A new approach for Hadron Physics: cluster algorithim

KTCLUS (by M. Seymour)
using distance d;; = min( E;2 ’Etj )[A"' + A¢2]
There are no ambiguities in seed fndmg and merging.

Comparison with NLO Theory

—two or three parton final state

R (no overlapping jets)
| <> two partons are combined if
Y EI+E2
A=, /AnZ+0¢% < ———R
maez{E; ,Ef}
with Rsep parameter (ENis, Kunszt,Soper)
& R E}+E?
I'(—’l D < min { R, Rsep}
‘ M{E},Eg}
|

PUCELL*—’ Rgep — 1 R
EUCELLP——? Rgep ~ 1.5 ‘o0 2.0 R
K.TCLUS"'——’ Rggp = 1.



k, Algorithm

Arbitrary paramcter D
2 2
ela d;;= mln(EJ_ z,E2 ) (87) S(A@

o2 find minimum of d; ; and d;

e 3a if minimum s d; ;
form a new pseudo-particle k
1 and j removed from the List of particles

e 3b if d;isthe min

the particle is not “mergable”
particle forms a jet

e gotostepl
Use 4 momentum scheme to combine particles

Use vient) to ser scale for mereing
! PRl |
tl’f/ [""—,_..IN
vienr) = 1 no subjets
vicur) — 0 each particle s a snhjer
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Radius of the Proton:

-

Model Form of density, = Predictions Measurements

for density 1 dN/d*r RMS : Ol scale (fm) RMSr(fm) n
Uniform Sphere || Constant, t<z, V/ 3/5¢, 4, /46 | 1,=0.T3 056 1 0.87
Gaussian et /22 /3% 4r%’ $=0.34 0.59 1.9
Exponential e~t/A V12 | 35N | A=0.20 0.70 3.2
ermi, Ajro = 0.2 || (" 41y | 10m | 46rF || =056 | 080 . LI
ermi, A/ro = 0.5 “ 201, | 1451, || n=032 | 068 . 20
ermi, A/Tp = 0.8 “ T 3051, | 3288 | =021 064 30

RMS radius varies
by 20%.

“ompares well with RMS radius =0.77 = 0.10 fm
neasured in ep scattering at Q?of order 0.1 GeV *
R. Hofstadter Rev. Mod. Phys. 28, 214 (1956).



S is the significance away from pairwise momentum balance

2 — 2
\[lpr i) IAN [pr(JJ)]
~ V2V \pr(1d) épr(3J)
AS is the Ao angle between the pt vectors of the pairs which
have the best momentum balance.
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CDF "Photon" + 3 Jet DP search

KONIGSPEL%QWQ?%ILAB-PUB-97—083-E

PRD preprint posted April 15.

Printed on

April 14, £50 31 %4 batd collected in 1992-93.

Photons candidates (isolated Em clusters)
Et > 16 Gev, Inl < 0.9

3 Jets
Et > 5 GeV
AR between photon and jet pairs > 0.8
Lowest two jets Et < 7 GeV

No 4th Jet with Et > 5 GeV

Two data sub-samples were constructed

1 vertex events: double parton rate
2 vertex events: double interaction rate



With NLO Calculations

(Klasen,Kramer)

ZEUS 1994 Preliminary

Comparison of Different Jet Algorithms

I [@E=>6Gev x075 | I [wE= >sGer., 50.75
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=|
L
|

(@ E™ > 15 GeV “f_m.vs

do/dn [ub]
£

da/dn [nb)

) E™ > 15 GeV 0.
[« EUCELL
' PUCELL
o KTCLUS

daidn [nb]
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Selected Topics in Hadron Production
in ete~ Collisions

Richard Hemingway

Carleton University

16 April 1997

Introduction

Inclusive hadron production at LEPY

¢ Inclusive hadron production at LEP1.5-2
Production of identified hadrons at LEP1

Aspects of hadronisation:
— Flavour separation

— Leading particle effects

— Quark-Gluon differences

— Spin effects (polarisation,helicity)

— Correlations in the di-baryon system
e Comparison with models

Conclusions
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Figure 13: (a) Distribution of {, = In(1/z,) for charged particles. Also shown are a fit of
the NLLA QCD prediction, and predictions from MLLA QCD and PYTHIA, HERWIG
and COJETS. The curve for the ARIADNE prediction is almost indistinguishable from
the PYTHIA prediction and is omitted. (b) Evolution of the position of the peak of the
¢, distribution, ¢, with the c.m. energy /3, compared with a fit of the NLLA QCD
prediction up to and including the data at 161 GeV.
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Fix two-jet mass (hence jet energy) and
vary cone containing charged tracks:
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§ - ® 0=0.280 Qur=215+20 MeV Const=0.51+0.08
z . - 0 9=0.217 Quy=214+20 MeV Const=0.4910.08
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E = Ln(Eye/ Prpack)

Trac

Note: MLLA -> 2 parameters:

Perturbative cutoff scale: Qeff
Normalization = number particles/parton: const



Peak Position &=In{1/x,)

MLLA Scaling see

COF PRELIMINARY

ms OK
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CDF M,,=490 GeV/c’
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INVALIANT ENTRGY SPECTRA |
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CCALING VIOLATIONS N FAGMENTATION FUNCTIONS
2y MEASUREMENT OF (g
ALEPH wnd DELPHT
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Figure 3: Inclusive scaled momentum distributions at centre-of-mass energies in the range
between 14 GeV and 91.2 GeV. Only the full dots have been used in the fit.
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| SCALING VIOLATIONS

Q2 dependence of D(xp)
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Comparing the Data with a Next-to-Leading
Order Calculation (CYCLOPS)

Inclusive scaled momentum cross section

* 60X 107 < xg< 120X 107
® 1.2X 10?7 < xg< 2.4 X 107
L m 24X107°< %< 100X 107
A 1.0 X 107 < xg< 5.0 X 107
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— NLO calculation (D. Groudenz)
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NLO calculation with different input
values of \ycp

Inclusive scaled momentum cross section

* 60X 107 < xg< 120X 107
® 1.2X 107 < xy<2.4% 107
B 24X 107< %< 100X 107
A 1.0X 10%< x4 < 50X 107
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— CYCLOPS (D. Groudenz) oly= 0.195
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