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[Jet fragnent ati on vs anal yti cal pQCDj

— > Momentum distribution of particles in jets;

-~ » Multiplicity of charged particles in jets;

including g/q jet differences

—» Momentum correlation of particles in jets;

-~ > k_-distributions of particles in jets;
(k -transverse momentum with respect to jet axis)

Forthcoming results: (not public yet)
— Global Event Shapes;
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( Part ons,

Hadr ons, Jets )

Sergo Jindariani

Pick two partons and their momenta:
-phenomenological parton density functions, PDF

Hard Scattering:

-pQCD exact matrix element at LO, some at
NLO,...

Soft final state radiation:

-pQCD approximate resummation in all orders:
LLA (leading log approximation), NLLA

Underlying event:
-phenomenological models

Hadronization:
-phenomenological models

Calorimeter response:
-electromagnetic shower for photons

-hadronic shower for “stable” hadrons

Jet identification:
-jet finding algorithms

3 Pheno'06 05/15-17/06, Madison,WI



[ Particle nonenta and average multiplicity j

Partons: NLLA resummation ey 0=120 Gev c 805
S 4 — )= .’.-"'-'. one c= .
-  Mueller (1983) % [ ...0=50 GeV .
- Dokshitzer, Troyan (1984) A
- Malaza, Webber (1984) 3 ;:5'
F

- plus subsequent corrections

dN/d¢ = D(Y, €)

N

(2}
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|II

s

1.5
¢ = 1n(1/x) = In(Ej./Pparton) 1
0.5 -
Y = ln(Q/Qeff)l Q = Ejetecone '.'~
Qetr = Quutorr = /\QCD 00 1 2 3 2 5 (-ls ) ;

JT“m

From partons to hadrons: Local Parton-Hadron Duality
- Azimov, Dokshitzer, Khoze, Troyan (1985)

Hadron observables follow patterns predicted for partons
° Nhadrons -~ Npartons .

e Momentum distributions?

« Momentum correlations?
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[ Particle nonenta and average multiplicity j

. . . cone opening angle 6=0.47 CDF
Momentum distribution of 5F : :
Charged pal‘tiCles in jets: 4 ;— Mjj=78 GeV/c2 ;— Mjj=101 GE‘WCE;— Mj=133 GeV/c2
3 g & ;
VAN TANTA
- dijet events with well-balanced E; 1 % e - s
. . . D:.p.’..."u.. AN Zfﬁ-.
- 15-30° cone around dijet axis wp b M=171GeViezf  Mj=216 GeVick Mj=274 GeV/es
- C C C
S 3¢ 3 /\ =
025 - 3 ~
S LE % o 5 2
Two parameter fit (MLLA+LPHD): % ; VAR A N .
- works surprisingly well in wide 4 F. MiF351 GeVice| Mj=462 GeVicep  Mjp=673 GeV/c2
range of dijet masses 3 2 /‘\‘\ 2 ;
2 - 2
1k 3 v E :
- MLLA Q_; = 230+40 MeV ot PR AR
0 5 0 5
k-cutoff can be set as low as N\, E=log(1/x)
pparticle I:I E'et D
_ X = - PHEEE =In(1/x) =In ’
- Kipppie) = 0.56 £ 0.10 E, & =Inll/x) @TPMG
Nhadrons = Npartons
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~ Quon/Quark Jet Differences |

Charged particle multiplicities in gluon and quark jets:

- Measured multiplicities in di-jet and y-jet events can be resolved for
multiplicities in quark and gluon jets;

Results agree with NNLLA:

Zg
r=1.64+0.17 at Q=20 GeV
i

I

o

Most recent LEP result (OPAL): 8

r=1.51+0.04 at Q=90 GeV
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| LLA & NLLA, r=C ,[C =225

2: I SR P TR SR B LIRS et e praapeegepnrprpeet L L EE R R !

O COF,E =4 GeV

_ - Gaffrey & Mueller, 1985 ~ © CDF, E_ =53 GeV
{ — — Catani et al., 1992
1 —— Lupia & Ochs, 1998

Capella et al., 2000
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Q=E[®
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( Monent um Corr el ati ons )

Theory: C.Fong, B.Webber (1990)

- Momentum distributions normalized to # of partons N:
dN
(d§1d§2) } mixes together:
)

- momentum correlations
dN )( dN - multiplicity fluctuations
dg,” &,

R(gl,gz):

(

- To decouple momentum correlations and multiplicity fluctuations
effects we used distributions normalized to unity:

()
_dgdg, (N 1
dg, &,
where FJNEE;” - binomial moments taken from theory
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( Morment um Corr el ati ons )
Theory: C.Fong, B.Webber (1990)

- All particles in the cone 8 =0.5 around jet axis:

Around the peak of inclusive momentum distribution, C(El,EZ) is predicted by NLLA:
[ dn U

O . O
0dé,d¢, O

Edn %dn E
d¢, e, O -C,, C and C, depend on Y=In(E_6/Q_)

dn/de

C(€1,€2)= =G (Ej) + G(Ejo) HAE, +A8,) + ¢, (E,) AL, —AE,)°

415
5 ; i . : i — <
L e S LT Sy S S ePRER, LT TR e e e Re S 0.5 7
: ; i . ; i - S
0.25 e N -
- | | s | I
- : ! R : e : -0.5—
= Ao ; - : : : L ét”
F : | : e | s
1] I | 1 I |.: L1 | 1 ] | Il
0 1 2 3 4 ] [ 1 : | ‘ |
é 1 L 1 1 1 [ 1 1 L 1 1 Il 1 1 1 Il

-1 -0.5 0 0.5 1
NE=E-E, A%,
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( Morment um Corr el ati ons )
Theory: C.Fong, B.Webber (1990)

- All particles in the cone 8 =0.5 around jet axis:

Around the peak of inclusive momentum distribution, C(El,EZ) is predicted by NLLA:

[ dn U
€ €, [ :
CE..8,)= Sdn Ddn O C(Eie) + G(Ej) HAE, +AS,) + G, () HAE, —AS,)
O, [ O
(&, 08, O 3 CO, C1 and C2 depend on Y=1n(EjeteC/Qeff)
£ 15
- C, is always >1 ; ;
(depends on the point of the expansion) os; 4»5
- C, is always positive ; o:—
- C, is always negative ; 05 X
-1:
-I1‘ — |-0|.5| ‘II(‘)III‘O.SI ‘ I‘1I

A,
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( Experi ment al Feat ures )

Measurement:

- Well balanced di-jet events with Mjj ranging 60-600 GeV;
- Jet axis in the central region |n|<0.9;

- Events with only one vertex;

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

- Cone jet algorithm with R=1.0;

- Charged particles in the cone with 8 =0.5;

- Unfold the small underlying event contribution;
- Remove secondaries ( conversions, ....)

Theory( to make compare to data):

- produce correlation function for a mixture of quark and gluon jets;
- get fraction of gluon jets in the sample from Pythia Tune A Monte-Carlo;
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Morment um Correl ati ons j

- Hadron correlations follow the pattern expected for partons;

C(&,.¢,) = CO(Ejet) + C_L(Ejet) A, +AL,) +&2€Ejﬁ'%ET—Aézﬁi

“Fg.2
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Monmentum Correl ati ons

- Hadron correlations follow the pattern expected for partons;

C(€..€,) = Go(Ejo) + CHERHAG+AG) + ¢, (E o) [IAE, - AL,)°

;{31'5 A  CODF Fun llpr=iminary wi g o
w15 it COF data =
o uncertainky ol the dt - ,‘
£ 14 = Fong/tebber O, =2300 =Y 3 8:—
. TE Qs
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( Monent um Corr el ati ons |

- Fit C  vs. Q gives Q__.~130+80 MeV;

- Data and theory show same trends;

~ O
s __ %
- C,==2 7
-0.02— Y
0.04|—
-0.06/—
B Y - I |:|Ejeftecone [
§ =1n 0 E
-0.08}—
N A COF Run Il preliminary eff
-0.1
- COF fit by Fong/Webber Q_ =131 MeV ﬁ
o1zH: = [peemmm Fang/Mebber quark jet @_=131MeV | mixed q/g jets
1: Fong/Webber gluon jet Q_ =131 MeV
-0.141} il
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( Monent um Corr el ati ons |

- Fit C vs. Q gives Q__~150+80 MeV;

- Data and theory show same trends;

A CDF Run II preliminary

CDF fit by Fong/Webber Q_=147MeV 4—'
......... Fong/Mebber quark jet Q_=147MeV | mixed q/g jets
- Fang/Webber gluon jet ©_=147MeV

©0.14

0120

0.1

o= 2 4.

008 Y1.5
0.06
0.04
Y — |n |:|Ejetecone [

0.02

Q -
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( Monent um Corr el ati ons |

- C, is too small if compared to theory;
- However, it's almost independent of energy, as expected;

- Theoretically, this parameter has some issues...

=1.35,
Q j‘ A CDF Run 1l preliminary
13 ::t IIZ:EDF zijbigungWeb;e; D;ﬁ=0.1 MeV 1 A ao
__',‘ ong/Webber Q__=1 e =1+ — Y 4
L e Fong/Webber quark jet Q_ =137MeV CO o
1.25% % : RSl M= Y
I I e FONG/Webber gluon jet Q=137MeV
120 e
1.15 l\ ------------- .
O e = DE j etecone ]
S $ ‘ # + f
1.05 T
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Q(GeV)
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:

Kt distributions

JHEP 04 (2006) 043

N

//R.Perez-Ramoz & B.Machet (20006)

Distributions are normalized to unity

Sergo Jindariani

Jet axis < | O=E, *0_=136%*0.5=68 GeV
= E =k
Z d
= L=380 pb1
P 10} Y |
kT=p-51n(e) IR SN R N P 57 SO
= g
- —— CDF II preliminary +
In theory dN/dln(l{T) are pI‘Oduced. 5 (stat. uncertainty only) t + :
B \\ 10 E_—HLLEQeff=150HEV ................................................. I _i_
| F .- MLLA Q_,,=350 MeV 1T '
- Theory predicts more particles :
° : -4 | . | I | | I L1 11 I il I A | I I | I 5 (O | I I T | I
with high Kt Vo ~9%5 1 15 2 25 3 35
In(k,/1Gev/c)
¥
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:

Kt distributions

//R.Perez-Ramoz & B.Machet (20006)
JHEP 04 (2006) 043

Distributions are normalized to unity

jet axis T
= Q=E,_ *9 —136*0 5 68 GeV
= W ... N - = !
k. % 1 f 0.44
z 5 L 380 pb™
-1 £ ; ;
p 10 E_ .................. ....................................
4 : %“‘m
T
—_ el =0
k =p-sin(6) 10°E e N P, Y
- —— CDF '.I::I 1::c:|:|ac:l:|.1'n:|..t1.31:r:3,|r ++&*—|
In theory dN/dln(k ) are produced. bak, moackalishyonly] | 4Q
. N 10'3_..T....Ey.!;h.;...a....!.[.'un.e._.3.-‘&-. ...........................................................................
\ E .
- Theory predicts more particles = d H‘
Withhigth 1u4lliIllllllllllilllllllillllil:lIIIIH-
0.5 0 05 1 15 2 2I5kf‘?G ?5
. n ev/c
- Data and MC are in agreement s !
N /
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[ Sunmmar y |

Momentum distributions of particles in jets:
- Consistent with parton distribution predicted by MLLA;
- Q_,=240£40 MeV over the entire range of dijet masses;

Multiplicity of particles in jets:

hadrons LPHD partons

-K =0.56%0.10 for charged particles;

LPHD

- Ratio of multiplicities in g/q jets r=1.6%0.2;

Momentum correlations:

- Hadron correlations follow the pattern expected for partons;

- The constant term is much smaller than predicted by pQCD...;
- Q_.=140£80 MeV from linear and parabolic terms;

Kt distributions:
- Less hard particles than predicted by MLLA;
- Very good agreement between data and Monte-Carlo ;

Forthcoming results:

- Event shapes;
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. _______________________________________ |
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( CDF results )

Pythia Tune A and Herwiqg 6.5

- Both MC generators reproduce correlation in data fairly well;

| AZ-AS, Diagonal | | AZ+AZ, Diagonal |

3“1'6 A CDF Run Il preliminary :}'1'6 A CDF Run Il preliminary
< 1.5| —— fit to CDF data <! 4.5| —— fitto CDF data

o —— Pythia Tune A = — Pythia Tune A
O14f-ae-. Herwig 6.5 E R B (FHEE Herwig 6.5

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

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

Jjet e
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