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@ Overview

Momentum distributions of particles in jets
. PRD 68 (2003) 12003

Multiplicity of particles in jets (including g/q-jet differences)
. PRL 94 (2005) 17802
. PRLV87 No.21 (2001) 211804

Momentum correlations of particles in jets
k,-distribution of particles in jets (k; with respect to jet axis)

Indirectly Global Event Shapes
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Past CDF Results

Momentum distribution of charged

hadrons in jets: Mijj=452 GeV/c=

» Well described by MLLA 2 F
- dijet mass range 80-600GeV L i
- cutoff Q¢ =230 + 40 MeV W
- N+)Hadrons ! Npartons =0.56+0.10 % o ‘i-__
= -
:_dﬂ'.’. i i 1 | 1 *""h..l

=
H

Ratio of charged hadron multiplicities 2 3 4 5 6 7 8
in gluon & quark jets: E=IN(E,o/Pparticie)
e Agrees with NNLLA

w

2
_ O
-1 = 1.6 (measured) Z b an
~~
401 g camecumapereaesmaaon
[ [ 6’
Implications: Z
: : I
e pQCD calculations carried out o ' R————
down to scale Q ~ Agcp ~ 200MeV @ | Gafimeytulertoss O COF £y 53 oV
. B ® CLEO
e Local Parton-Hadron Duality o D ot 4 OPAL
Q - E'et [B

cone
Lester Pinera, University of Florida ICHEP 2006, Moscow 3



@ Momentum Correlations in Jets

Theory: C.Fong & B. Webber
(1990) Phys.Lett. B241:255

—» Consider all particle pairs in a small cone around jet axis

dN
dadaz)
dN |[dN
dg, (d§2

R(§,,&,) = where £=Iln

jet
pparticle

mixes together momentum correlations and multiplicity fluctuations
Effects are decoupled using binomial moments from theory

dn
Independant of dg, ds %
Multiplicity | » C(&,,&,) = 22— R(g,,E)
Fluctuations v dn |/dn_ VUP(N(N-1))
dg, ||dg,

Distributions normalized to unity
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@ Momentum Correlations: Theory

Around the peak of the inclusive momentum distribution, theory (MLLA) predicts:

C(£,,8,) = Co(E;) + Ci(E)(AE+AE,) + Cy(Ey,)-(AE—AE,)

jet

Ridge-like structure:

> Cy & C, always positive e Particles with like momenta correlate

» C, always negative e Correlation is stronger for soft particles
dn/dg normalized to unity .
1 ¥ | " T e S——: R R, SR, | T < 7
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€82 Momentum Correlations: Data (1)

aLJiJ»

Hadron Correlations follow the pattern predicted for partons!

C(&,,8,) = CO(Ejet) + C,(E Jet) (Ag,+AE,) + C,(E Jet) (AE,— A§2)2

o
g2

38f
3.6
340
3.2

2.8
261
24F ¥
2.2F
22 24 26 28 3 32 3.4 36 38 4 '21.%
1
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Momentum Correlations: Data (2)

Hadron Correlations follow the pattern predicted for partons!

C(§,,8,) = CO(Ejet) + Cl(Ejet)'(A§1+A§2) "%%’H‘Hﬁzz_

P ;ﬁﬂj 4 COF Run |l praliminay

: 15 it to COF datm

4= ﬁ uncertainty o the it

saf A& 53 1.4 - - - FongWebber O p=230M=V
- % 1.3f =100%0_5=50G=aV

3.6 W=E 8=

340 | 1.2

3.2 1.1

28[ 0.9

260 . 0.8

2.4 " or
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22 24 26 2. 3 32 34 36 38 4 4.2 -2 -8 -1 45 0 & 1 1.6 2

=
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Momentum Correlations: Data (3)

Hadron Correlations follow the pattern predicted for partons!

C(§1:§2) — CO(Ejet) '&%ﬂ'ﬁz + CZ(Ejet)'(Agl_AEZ)Z

wR g o ;&1'5 &  COF Pun llprziminary

- 15 ftto COF data

- ﬁ uncertanky ol ths it

38F o 14| - - - Fong/Webber O, =230y

3.63— 13k oeE,, 8.=100%0.5=50G=V

3.4F

320

3

28[
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@ Momentum Correlations: Data (4)

Plotting the energy dependence of the coetficients we are able to extract Qg

-

Q

0.12F

0.06[
0.04f
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0.1ad :

0.1

008 -

A CDF Run Il preliminary

CDF fit by Fong/Webber Q_=147MeV
......... Fong/Webber quark jet Qd:‘l 47MeV

- Fang/Webber gluon jet O_ =147MeV

-
L.
a,
LT
LT
-------
--------

d,
Y15
Qe = 150+ 80 MeV

Cl(Ejet) = +

[ 5]

-0.02/—
-0.04—
006/ §

-0.08/—

0124

014

o Op

01

A CDF Run |l preliminary

CDF fit by Fong/Webber Q_ =131 MeV
......... Fong/\Webber quark jet O_=131MeV

w Fong/Webber gluon jet O =131MeV

jet

Q eff

0

cone

0 50 20 10 120
Q(GeV)

CZ(Ejet) = -5z T

Qq = 130+ 80 MeV

Theory reproduces trends seen in data
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@ Momentum Correlations: Data (5)

=1.35,
(&) j‘ A CDF Run Il preliminary
:‘: CDF fit by Fong/Webber G _=0.1MeV
1.3~ s
¢ CO smaller than theory =t Fong/Webber Q_=137MeV
predICtS 1 25;:_",‘ --------- Fong/Webber quark jet Q,.=137MeV
i "‘% ennne - FONG/Webber gluon jet Q_=137MeV
* However, it's independent 12 ™
of energy (as expected) 1 15'\__\ ----------------------------------------
* Theoretically this 116 oo o A fsin
parameter has some :gi—%: # + + * T
issues: Sensitive to bt =
eXpanSiOn pOint 1: | | 1 1 1 | | 1 | | 1 1 | | | 1 1 | 1 1 | | 1
0 20 40 60 80 100 120
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@ K+ Distribution of Particles in Jets

Theory: R. Perez-Ramos & B. Machet

1/N’ dN/din(k,)

-
(=]

10

10°

JHEPO04 (2006) 043

—» Nearly no dependence on Q.
—» Weak dependence on jet origin (q or g)
— > Energy scale Q = E;,,0 defines kg cutoft

-t
TTTT

?_ MLLA Q_.,=150 MeV

Q=Ejet9E=136*0 .5=68 GeV
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| - ‘ |
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-3

1D||||||||w|www|ww|||

Jet Axis

Kt

0
p

Ky = |p| - sin(0)

Normalized to bin:=-0.2<ln(ky)<0.0 (N’)

—
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Gluon Jet Q_..=250 MeV

MLLA Q=19 GeV
MLLA Q=68 GeV

MLLA Q=155 GeV
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@ K+ Distribution: Data vs. Theory

— Data indicates fewer particles with large kt
—» Better agreement with increasing Energy scale Q

Is this due to an incomplete pQCD or the intervention of Hadronization?

} Normalized to bin:-0.2<1ln(k,)<0.0 (N') } Normalized to bin:-0.2<1n(k,)<0.0 (N') :_ Normalized to bin:-0.2<1ln(k,)<0.0 (N')
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> el ttreee MLLA (R.Perez/B.Machet) = i = Rt
= SN = i - e
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s
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.-f-. Ui —
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Event Shapes : ete- & DIS

Studied extensively in the context of e+e- and DIS experiments:

ﬂuu.lsi <.(Q) fit " HERWIG ’“[.:' r
@ i€1t§§='2e"e'3’ - _[h"k\\h £o4 [1 Combined resuli ™"
C ctom
U.M‘ === a,(Q) combined fit vk t Py * SU{“’QCD
e Measurements of
DB_ ' L& / l.‘—"l.\hl.l-pl
- : " G /i
* Means of tuning MC . e . S— :
L }L %\“’%{ % G 7
011 Feo o4 [ v L "1 1
. B T 0.1 ) e, SO 1 05 g 11?
* Color Factor Fits : T ﬁ Gl
wILEPQCDWG I | g w0 JADE .,
50 100 150 200 n [1R) 0z (1§ R} (1Y 1] 1 1 k] 4 & fh
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Event Shapes : Tevatron

Event grows from a much richer color structure:

RN TR RS SR

Tevatron

Complication: Forward region is experimentally inaccessible. Analytical predictions
require “global” observables (i.e. sensitive to emissions in all directions).

~»Indirectly Global Event Shapes = Central Event Shape + Recoil «TETRD
(both Central ES & Recoil defined within central region C)

g

Transverse Thrust Transverse Thrust Minor
T = maxz|qm nT| T, EZ‘QD m| n,=N;XZ
2 ld 2|4
Recoil
1 -
R == ——— .
0,c Z(::‘q_|2|1|l€chul
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MC at Parton Level in agreement
with preliminary analytical

Leading Jet E; > 50 GeV

—— LO + NLL (CTEQ6M)

— Pythia Partons (CTEQ5L)

pQCD predictions. os
o Inl<1.1
B 2 o
X=In(Ty;* Ry)
s =
MC at Hadron Level in agreement 5] Leading Jet E; > 50 GeV
with MC Parton Level. I — Parton
4— — Hadron
True of Ty, and Ry independantly -
Strong Correlation between levels too
No shift due to hadronization in the MC
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@ Event Shapes : Detector Effects

Recoil:

Detector Sim. # MC Hadron Level
(instrumental effects to be unfolded)

Central Event Shapes:

Detector Sim. = MC Hadron Level
(true of Tracks and Calorimeter Towers!)
True on an event by event basis

3%
~lo

(approx. no instrumental effects to unfold)

Lester Pinera, University of Florida
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Leading Jet E; > 50 GeV

— CDFII Cal. Sim.

— Hadron

Pythia
nl < 3.0
I R

"_Illlmlllllllllllll_lll

0.2

|u-4|

96 038 1
X=R,

Leading Jet E; > 50 GeV

—— CDFII Cal. Sim.

—— Hadron

Pythia
nl < 3.0
I R

1 1 1
0.2

1 1 1
0.4

G 0.3 1
X=Typ




ReCOil' -gE L Leading Jet E; > 50 GeV
. —=— CDFII Prelimina
Data = Detector Sim. lstat. uncertaiaty oaly]
No surprises there - PymaTuneA
Towers
" | | In| < 3.0
04 06 08 1
X =R,
Central Event Shapes: b © :
= :b-a L Leading Jet E; > 50 GeV
Data= Detector Sim. + Shift i ORI Pretmiary
Present in Tracks and Towers 4 f e

[sit 1/Q? Awaiting analytical predictions |

i L 1 1 L E ! 1
0 0.2 0.4 0.6 0.8 1
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Summary

Momentum Distributions & Multiplicity of Charged Particles in Jets
» consistent with predictions from pQCD within MLLA framework
 Parton Shower cutoff Q4 ~ Agcp
e Lent support to Local Parton Hadron Duality (N
o Ngluon /Nquark congistent with NNLLA prediction

KLPHD N KLPHD ~1

hadrons — partons)

Momentum correlations of particles in jets
e follow pQCD predictions for partons
Q.= 140180 MeV for parabolic and linear terms
* the constant (momentum-independent) term is much smaller than predicted...
k,-distribution of particles
e data atlow k; agrees with theory, but seems to sag at large k;
e discrepancy gets smaller for larger Q

Indirectly Global Event Shapes
« data shifted with respect to MC!
« awaiting theoretical predictions. . ..
« this branch of studies promises very interesting result
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Backups
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@ K+ Distribution: Data vs. MC

—» Pythia and Herwig (Hadron level) in agreement
with Data over the full range of kt

Where is the discrepancy coming from?
MLLA - Next-to-Leading Log
Pythia - Leading Log + Energy conservation

:‘ Normalized to bin:-0.2<1ln(k,)<0.0 (N’) ;': Normalized to bin:=0.2<1ln(k;)<0.0 (N') ;': Normalized to bin:-0.2<1ln(k,;)<0.0 (N’)
£ Q=E__ 6,=38%0.5=19 GeV £ Q=E,_ 6,=100%0.5=50 GeV E Q=E,_ 0.=310%0.5=155 GeV
E vj CDOF Run II Preliminary] E ’ E -
S'r o o st
- i=a & - - S -
< L Herwig 6.5 < <
- - -
-1 -1 -1
10 & 10 £ 10 |
-2 2 -2
10 | 10 10 &
F v CDF Run II Preliminary F ¥ CDF Run II Preliminary
Total Uncertainty =¥y o Teotal Uncertainty
Pythia Tune A Pythia Tune A
l SRRELLTLLCY Herwig 6.5 SRRELTLLLLY Hexwig 6.5
10-3‘\II\lllllllllllllllliirTllII 10‘3IIIIIlIIIIlIIII‘\\I\‘\II#'IIIII 10—3|\I\I‘I\I\|\III|II\I‘I\I\|\III|IIIE
-0.5 0 0.5 1 1.5 2 25 -0.5 0 0.5 1 1.5 2 25 -0.5 0 0.5 1 1.5 2 2.5 3
In(k;/1Gev/c) In(k;/1Gev/c) In(k/1Gev/c)
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@ K+ Distribution: Pythia Partons

Bt fo S SR 00 @) Pythia Partons follow MLLA

1 Flbeva—e—

— gy
|—f=l|~._“_\. e
it i, B VR *
—v— l"‘L-,'.T._'
—¥—i -H““’-._._‘

1/N’ dN/din(k-)

—v—

10" . ™ Doesn't look like it's
- | Energy conservation
10-25_ v Pythia Tune A hadrons b
E e Pythia Tune A partons i

~~~~~~ MLLA Q_..=250 MeV

Lo |
a

| | 1 | /| | i I 1 | | | I 1 1 | | | 1 | | | | | I 1 | Hadronization???
0 0.5 1 1.5 2 2.5
In(k;/1Gev/c)

1 u ] 11
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@ Event Shapes: Central Region
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<Tmin + RT>

Shift between <Data> & <MC>
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