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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)
o PRL 94 (2005) 17802
» PRLV87No.21 (2001) 211804

Momentum correlations of particles in jets

k;-distribution of particles in jets (k, with respect to jet axis)
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Past CDF Results %

University of Florida

Momentum distribution of charged
hadrons in jets:
e Well described by MLLA
- dijet mass range 80-600GeV
- cutoff Q¢ =230 + 40 MeV

- N(J_r)Hadrons / NPartons =0.56£0.10

ij:452 GeV/c=

dN/€& per jet
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Ratio of charged hadron multiplicities 4 5 6 7 8
in gluon & quark jets: §=IN(E;o/Bparicie)
e Agrees with NNLLA
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w

w

-1 =1.6 (measured) g
= LLA & NLLA, r=C ,/C_=2.25
\*_ gd e
Implications: ?I
e pQCD calculations carried out O 1] )
"CE O CODF, E}.e,r= 41 GeV
down to scale Q ~ Agcp ~ 200MeV @ | - GafeyaMustersses O CDRE,=53Gev
) . Cemuietal. ® CLEO
e Local Parton-Hadron Duality D Lucin & Oche, 1908 s OPAL
O = Ejet mcone
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Momentum Correlations in Jets ‘&w
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Theory: C.Fong & B. Webber
(1990) Phys.Lett. B241:255

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

dN
dg dE,
dN |[dN
dg, |\dE,

where £=In

E Jjet )

p particle

R(,,E,) = (

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

dn
Independant of dE dE 2
. N)
Multiplicit —» C(£,E) = L 2] = R(E,E {
Fluctu%tiorzls £ 8 dn_\|dn & 2><N(N—1)>
d& |\d&,

Distributions normalized to unity
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Momentum Correlations: Theory

Around the peak of the inclusive momentum distribution, Fong & Webber predict:

dn/dé

C(Epgz) - CO(Ejet) + C1<Ejet)'(A§1+A§2) + Cz(Eje;)°(A§1_A§2)2

Ridge-like structure:
e Particles with like momenta correlate

 Correlation is stronger for soft particles

—» C, & C; always positive
—» C, always negative

normalized to unity
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Momentum Correlations: Measurement N
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Strategy:

Consider well balanced dijet events ( M;; = 60-600GeV)

Jet axis in the central region |n| < 0.9
Cone jet algorithm with R = 1.0
Events with only one vertex

Measurement is done in the dijet center-of-mass frame

Consider tracks within cone of 6, = 0.5

Remove secondaries (conversions, etc. . .)

Unfold a small underlying event contribution (complementary cone)
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Momentum Correlations: Data (1) ‘&w
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Particle correlations follow the pattern predicted for partons!

C(§,.5,) = Cy(E,,) + C,(E,)(AE+AE,) + C,(E,) (AL -AE,)
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Momentum Correlations: Data (2)

Hadron Correlations follow the pattern predicted for partons!

C(£,.8)) = Co(E,) + C(E ) (Ag+AE,) +-ExtEag

-1 0.5 0 05

1
A§1

Lester Pinera, University of Florida
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<15 fit to CDF data

*éjp uncertainty of the fit

o114 -.-.- Fong/Webber Q_;=230MeV
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Momentum Correlations: Data (3) %
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Hadron Correlations follow the pattern predicted for partons!

C(E])EQ) — CO(Ejet) : C1<Ejet> (“A‘gl : A;2> I CZ(Ejet).(Agl_A§2>2

’.’f 1D ,‘3:-1'5 A CDFRunll
i <15 fit to CDF data
B . %p uncertainty of the fit
i ol Fong/Webber Q,,=230MeV
0.5~ . 1.3k o=E_.6.=100%0.5=50GeV
i i -
i 7 -
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05— % 3
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Momentum Correlations: Data (4) =
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Plotting the energy dependence of the coetficients we are able to extract Qg

-

Q
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01

A CDF Run Il preliminary

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

«. Fang/Webber gluan jet Q_ =131MeV

o8 & A CODF Run Il preliminary
E COF fit by Fong/Webber Q_,=147MeV
0.12 T Fong/Webber quark jet O_=147MeV
0.1} - Fong/Webber gluon jet Q_ =147MeV
008 N\ A | v
0.06[- SN | T
0.04[- T """""""" * --------- : T ..........................................
0.02[
0_ | | | 1 | 1 | | I
[s] 20 40 60 a0 100 120
Q(GeV)
a E. 0O
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Cl(E.) = 44— 4+ ... Y = |n| 222
jet 1.5 Q
Y eff

~
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%

Q= 150 + 80 MeV

Q(GeV)

a
_ _Y_zz Lo

Q= 130+ 80 MeV

Theory reproduces trends seen in data
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e Cy smaller than theory
predicts

 However, it's independent
of energy (as predicted)

e Theoretically this
parameter is Sensitive to

=1.35
o

1.3

1.250%

1.2

1.15

1.4

Momentum Correlations: Data (5)
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n A CDF Run I preliminary
E:: CDF fit by Fong/Webber Qeﬁ=0.1 MeV
:t-, Fong/Webber Q_ =137MeV

_““ --------- Fong/Webber quark jet Q_.=137MeV
i "‘\* - Fong/Webber gluon jet Q_=137MeV
1 I

;

expansion point e =
1 : | | 1 1 1 | | 1 | | 1 1 | | | 1 1 | 1 1 | | 1
0 20 40 60 80 100 120
Q(GeV)
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Correlations have recently been revisited
within MLLA framework:

—

C(AE,, AG,)
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0.6

Momentum Correlations: Data (6)

i
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R. Perez-Ramos
JHEP 0606:019 & 0609:014, 2006

Qualitatively they show the same trends, but
disagreement obviously larger than Fong & Webber

a CDF Run Il

fit to CDF data

uncertainty of the fit
Fong/Webber Q_,=230MeV
R.Perez-Hamos E)eﬁ =230MeV

Q=E._.0,=100%0.5=50GeV

jet l I .
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kr Distribution of Particles in Jets %

University of Florida

Theory: R. Perez-Ramos & B. Machet Jet Axis
JHEP04 (2006) 043 .
T
—» Nearly no dependence on Q¢
—» Weakly dependent on jet origin (q or g) 5
— > Energy scale Q = Ej,0 defines kt cutoft D

k= Ipl - sin(0)

Normalized to bin:-0.2<ln(k;)<0.0 (N’)

Q=Ejet9C=136*0 .5=68 GeV Q=Ejet9E=136*0 .5=68 GeV

Gluon Jet Q_..=250 MeV

=t
TTTT

b
TTT

—
TTTT

1/N’ dN/din(k,)
/N’ dN/din(k;)
1/N’ dN/din(k;)

10 107} 10"}
| MLLA Q_,.=350 MeV . Quark Jet [ MLLA Q=19 GeV
10° MLLA Q_,,=150 MeV 102 Gluon Jet 10°L MLLA Q=68 GeV
- F £ MLLA Q=155 GeV
3 . ! | ‘ Ll i | L1l | |- - | I - | - -3 . ! | T - | I | - | |- | | T -} | L1 1 -3 I l | T - | I | Ll 1 ‘ | ‘ J I - ‘ | I - T
10 0 0.5 1 1.5 2 2.5 3 10 0 0.5 1 1.5 2 2.5 3 1D 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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kr Distribution: Data vs. Theory
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1/N’ dN/din(k)

e
°|

10
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—» Data indicates fewer particles with large ky
—» Better agreement with increasing Energy scale Q

Normalized to bin:-0.2<ln(k,)<0.0 (N')
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kr Distribution: Data vs. Theory
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—» Data indicates fewer particles with large ky
—» Better agreement with increasing Energy scale Q

5'_ Normalizeqd te bin:-0.2<ln(k,)<0.0 (N')
£ Q=E,  8.=38%0.5=19 GeV
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Theory makes soft approximation: p/E;. ~ 0.1
- Valid 1in the region In(k/Q.gp) < In(Q/Qqpp)-2.5
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kt Distribution: Data vs. MC %
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—» Pythia and Herwig (Hadron level) in agreement
with Data over the full range of ky

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<ln(k;)<0.0 (N’)
£ Q=E,_0.~38%0.5=19 GeV £ Q=E._0.~100*0.5=50 GeV = Q=E,_ 0,=310%0.5=155 GeV
E \'j CDF Run II Prelimina E ’ E -
21t : B 21 Z1F
2 z I z
_— — —
- - -
-1 -1 -1
10 & 10 £ 10 [
-2 2 -2
10 | 10 10 &
F ¥ CDF Run II Preliminary F v CDF Run II Preliminary
Teotal Uncerctainty Heaan o Toktal Uncerxtainty
Pythia Tune A Pythia Tune A
l SRRELLTLLCY Hexzwig 6.5 SRRELTLLLLY Hezwig 6.5
10-3‘\\I\‘II\\'II\I'I!II'[!rT]III 10‘3IIIII|IIII|IIII|IIII|I\}I|\\\JI 10‘3|\III|IIII|IIII|IIII|IIII|IIII|IIIi
-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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kt Distribution: Pythia Partons %
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e Pythia partons follow MLLA

o P predictions.
I Normalized to bin:-0.2<1ln(k;)<0.0 (N')
£ Q=E__ 6,=100%0.5=50 GeV
> | Bt  Doesn't look like it's energy
N conservation
4 T e e Hadronization (?)
10 - —— ~,.“‘1.
: o Is this really an effect of hadronization,
10°E T or just an incomplete picture of pQCD?
E ¢ Pythia Tune A partons —Y—
T MLLA Q_..=250 MeV )
1 ] i L L s b e e L d b ] Dedicated theoretical predictions in the
o o 05 1 15 2 25 region of large kr would be nice!
8 &€ Kt
In(k;/1Gev/c)
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Summary %

University of Florida

Our studies are aimed at understanding the relative roles of
perturbative and non-perturbative QCD in the development of jets.

Momentum Distributions & Multiplicity of Charged Particles in Jets
e pQCD within MLLA framework consistent with data
 Parton Shower cutoff Q  ~ Agcp
» Lentsupport to Local Parton Hadron Duality (N},4:0ns = Kiprp Nparions)  Kiprp ~ 1
e Ngluon /Nquark consistent with NNLLA prediction

Momentum correlations of particles in jets
e follow pQCD predictions for partons
Q.= 140+80 MeV for parabolic and linear terms
e the constant (momentum-independent) term is much smaller than predicted

k,-distribution of particles
» data at low k; agrees with theory, but deviates at large k;

* discrepancy gets smaller for larger Q
» theory predictions in the region of large kt necessary
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Backups
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