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— Recent jet fragmentation studies:

Jet shapes and b-jet shapes
Two-particle momentum correlation of particles in jets

k_-distributions of particles in jets

Global event shapes (analysis in progress)

—> Underlying event studies
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Partons, Hadrons, Jets

Data:
- tracks and calorimeter towers;

Theory: -

partons (+ hadronization models)

Monte-Carlo: - all levels
(partons, hadrons, detector simulation)
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[ K distributions j

MLLA: R.Perez-Ramos & B.Machet (2006) parameter free (no dep. on Qeff, g/g,...)
JHEP 04 (2006) 043 -~ . . ]
3 Normalized to bin:-0.2<lngk,)<0.0 (N')
- recent theoretical work; 5 L e 0m3170- 5719 eV
: : Z 1 e et ety
- allows to probe soft particle spectra; = " S S e
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MLLA:
> In data particles in small —» data indicates fewer particles with large ky
angle 6 =0.5 rad around
jet axis are counted
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[ K distributions

MLILA: R.Perez-Ramos & B.Machet (2006)

JHEP 04 (2006) 043
- recent theoretical work;

- allows to probe soft particle spectra;

4 . .
jet axis
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k =p-sin(6)

> In data particles in small
angle 6 =0.5 rad around

jet axis are counted

-
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parameter free (no dep. on Qeff, ¢/g,...)
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MLLA:
°

— data indicates fewer particles with large kt
—» better agreement with increasing Energy scale Q
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[ K distributions

MLILA: R.Perez-Ramos & B.Machet (2006)

JHEP 04 (2006) 043
- recent theoretical work;

- allows to probe soft particle spectra;
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» In data particles in small
angle 6 =0.5 rad around

jet axis are counted
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parameter free (no dep. on Qeff, ¢/g,...)
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In(k;/1Gev/c)
MLLA:
°

— data indicates fewer particles with large kt

—» better agreement with increasing Energy scale Q

Let's bring NMLLA
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[ K distributions j

NMLLA: Arleo/Perez-Ramos/Machet(2007) In preparation for publication

_\"' i Normalized te bin:-0.2<ln(k;)<0.0 (N') :'_ B Noermalized to bin:-0.2<1ln(k;)<0.0 (N')
i= v CDF Run II £ Q=E__ 6.=310%0.5=155 GeV
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°

—» data indicates fewer particles with large kt

—» better agreement with increasing Energy scale Q
NMLLA:

—» very good agreement with the data at all Q's
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[ K distributions j

NMLLA: Arleo/Perez-Ramos/Machet(2007) In preparation for publication

:" i Normalized te bin:-0.2<ln(k;)<0.0 (N') ;': g Normalized to bin:-0.2<ln(k.)<0.0 (N')
i= v CDF Run II :E Q=E__0_=310*%0.5=155 GeV
O v — . Total Uncertainty o = ,
< 1k o R MLIA (Perez/Machet) > 1
=] C H“"v._‘:‘_ ——— NMLIA (Arleoc/Perez/Machet) = -
- -
10 10°'¢
1071 1021
- - v CDF Run II
Total Uncertainty
' f [~ emeenes MLLA (Perez/Machet)
R Q=Ejetec=38*°'55=19 GaV E I - ——— NMLIA (Arleo/Perez/Machet) .
10'3I|||||||||E|||||i|il:|lt:_l _'llll 1u'3|||||||||||||||||||||||||||||§||||
-0.5 0 0.5 1 15 2 2.5 -0.5 D 0.5 1 15 2 2.5 3
| — — —p In(k;/1GeV/c) F— - - - - — —In(qu'GeWc}E
MLLA ; . I — M
| — _NK/IL_L I —» —» The validity range of the pQCD predictions
increases from MLLA to NMLLA :

> MLLA works for y=1n(kT/Qeff) in the range y<Y-2.5

reminder: Y=1n(Ejet9C/Qeff) .
L » NMLLA works for y=In(k /Q ) in the range y<Y-1.6 )
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( Event Shapes )

Event grows from a much richer color structure:

W T R S

Tevatron
Event shapes describe the energy flow in the event.
g 0 & TADE

S OI8 ¢ O Mark]

¥ TASSO
016} N R

L + B AMY

Allow to study: 0.14 ® pilbm

i 0.12 | ejL : OPAL B

~ > soft pQCD;
—» analytical non-pQCD corrections;
—» underlying event;

Mean Thrust
D02 £ Q GeV |

B . . oy | | |
00 20 40 60 80 100 120 140 160 180
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E

Event Shapes )

Theory: A.Banfi, G. Salam, G. Zanderighi JHEP 0408:062 (2004)

Transverse Thrust

T = max Z |6]E i.ﬁT‘

o 2l

Transverse Thrust Minor

_ 2

T

3%
b

\

Thrust Minor (T _):

Leading Jet E; > 50 GeV

B —— CDFII Preliminary
. * (stat. uncertainty only)

—— Pythia Tune A

Data = Detector Sim. + Shift

IS this real or due to
some instrumental effects?

J
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( Event Shapes )

Theory: A.Banfi, G. Salam, G. Zanderighi JHEP 0408:062 (2004)

Transverse Thrust Transverse Thrust Minor

2
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(" . N
Thrust Minor (T _):

6 e B : : : B
CE Leading JetE >50GeV | £ | Leading Jet E. > 50 GeV
e | = : f CDFIl Preliminary

i —+ CDFIl Preliminary 0.4 _ .......................... ........................... .................... ( sla;t."uncertainty'njntﬂ“'

4l + (stat. uncertainty only) - Py!:hia Tune A

i —— Pythia Tune A - ' v
- | 5 o
| - | Y o
B 0_3_.,2 ......................... y ........................ . ......................... .......................... ..........
20— L Y . : : :
i i . . N N N .
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: e X=T The shift is present at alln n
= . tral
\_ Data= Detector Sim. + Shift Present in both Tracks and Towers. .
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( Event Shapes

Theory: A.Banfi, G. Salam, G. Zanderighi JHEP 0408:062 (2004)

T

Transverse Thrust

Z 7, 7]

> 9% |

Transverse Thrust Minor

T, =

Z |67Dﬁm|

~ n,
2. |q

-
Thrust Minor (T )
E B mcentrall < 30
- : v ; e e
~ o i : CDFII Preliminary
- . (stat. uncertainty only)
0.3 _________________________ F?y_thia_'lfun_e_ﬂ?t ___________
. i v :
Howdoes T _ scale with i
u M |
energy_) 0.2 S S — E—— ER—
- ; : : "
. T To0 sz
Leading Jet E,
\_ Is this non-pQCD?...Still awaiting theoretical predictions! )
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Under | yi ng Event

» Construct observables sensitive to the “underlying event” and compare CDF

data to Monte Carlo with different tunings.
Jet #1 Direction

The ‘““underlying event” consists of
hard initial & final-state radiation
plus the “beam-beam remnants” and
possible multiple parton interactions.

Outgoing Parton

PT(hard)

Initial-State Radiation

“Trans 1’ -~ “Trans 2” Wusus?

Proton 7 /‘}‘g{'{ - AntiProton
_——— P T
Underlying Event \"'{“ﬂ‘—' %‘( : derlying Event
. <«
“Transverse’ region is
very sensitive to the
“underlying event’’! Final-State
Outgoing Parton Radiation
=2 Two Classes of Events: “Leading Jet”” and “Back-to-Back”
Jet #1 Direction Jet #1 Direction » Look at charged particle correlations in the
Refer to this as a azimuthal angle A@relative to the leading

“Back-to-Back” event calorimeter jet.

» Define IAQl < 60° as “Toward”, 60° < -AQ <
120° and 60° < A@ < 120° as “Transverse 1”
and “Transverse 2, and IA@l > 120° as
“Away”.

> Data Corrected to the Particle Level

Sergo Jindariani 13 HCP'07, May 20-26, 2007

“Transverse” ~ ‘“Transverse” Subset “Transverse” . “Transverse”

Jet #2 Direction



Under | yi ng Event

» Construct observables sensitive to the “underlying event” and compare CDF
data to Monte Carlo with different tunings.

“ . - Observable Particle Level Detector Level
Leading Jet
Number of charged particles Number of “good” charged tracks
dNchg/dnde per unit nN-@ per unit nN-@
Jet #1 Direction (p,>0.5GeV/e,Inl<1) (p; > 0.5 GeV/e,Inl< 1)
Scalar p, sum of charged particles per
Py St . sed partt P Scalar p, sum of “good” charged tracks per unit n-@
dPTsum/dnde umt -9 (, > 0.5 GeVic, Il < 1)
“Transverse” "“"Transverse" (pT > 0.5 GeV/C, Ir]l < 1) pT ’ ’ r]
| Average p_ of charged particles Average p_ of “good” charged tracks
<p.>
Pr (p, > 0.5 GeV/c, Il < 1) (®, > 0.5 GeV/c, Il < 1)
o Maximum p, charged particle Maximum p,. “good” charged tracks
Jet#l D‘“’““’“A‘p PTmax (p, > 0.5 GeV/e, Il < 1) (p, > 0.5 GeV/e, Inl < 1)
) R ’ PTmax = 0 for no charged particle PTmax = 0 for no “good” charged track
" “Toward”
S R Scalar E_ sum of all particles Scalar E, sum of all calorimeter towers
dETsum/dnde per unit - per unit N-Q
(allp,Inl<1) (E;,>0.1GeV,Inl<1)
Jet #2 Direction Scalar p, sum of charged particles Scalar p, sum of “good” charged tracks
(p,>0.5GeV/e,Inl<1) (p; > 0.5 GeV/e,Inl< 1)
PTsum/ETsum . . . .
T e divided by the scalar E_ sum of divided by the scalar E_ sum of
ac all particles (all p,, Inl<1) calorimeter towers (E, > 0.1 GeV,Inl<1)
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Under | yi

ng Event

"Transverse” Charged Particle Mean PT

Jet #1 Direction Jet #1 Direction .0 .
= CDF Run 2 Preliminary MidPoint R = 0.7 |n(jet#1) < 2
g data corrected to particle level “Loadiing Jor
L]
E 1.96 TeV P Yung A
- \Ez==a 11?
“Transverse” "v""Transverse” EJ EEE Ii § ST G e e T e -
“Transverse” “Transverse” g = i I }: { l T
7. 3783333438995 §. 3 ¥ ¢ I
: S SRR S
8
Jet #2 Direction E Charged Particles (|1|<1.0, PT=0.5 GeV/c)
250 300 350 400 450
PT(jet#1) (GeVic)
> Shows the average transverse
momentum, <P,>, and <PTmax> for “Transverse” Charged PTmax
. o 3.0
charged particles in the “transverse” s CDF Run 2 Preliminary l— 1
: S 2.5 | datacorrected to parfice level - ES i
region (p, .> 0.5 GeV/e, Inl < 1) 3 . A T4 G S N
versus P (jet#1) for “Leading Jet” 2 2.0 A } !
E 1
and “Back-to-Back” events. E s - | P‘rTunﬂ-g !
. e - "Back-to-Back" 1 i
» Compares the (corrected) data with 8 | Porirsssisssszssesy 5 5 f 7 § t ] - i
= u - i i e ™ - r == |
PYTHIA Tune A (with MPI) and PN - |
. E 0.5 e MidPoint B = 0.7 |n{jei#l) <2
HERWIG (without MPI) at the ’ Rikil Charged Particles {|n]<1.0, PT=0.5 GeVic)
particle level. 0.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
(1] 30 100 150 200 230 300 330 400 450
PT(jet#1) (GeV/c)
Sergo Jindariani 15 HCP'07, May 20-26, 2007




Under | yi ng Event

Pythia Tune A vs. Herwig

Jet #1 Direction Jet #1 Direction

Jet #2 Direction

> Shows the charged particle density,
dNchg/dnde@, in the “transMAX” and
“transMIN” region (p, > 0.5 GeV/c, |
Nl < 1) versus P (jet#1) for “Leading
Jet” and ““Back-to-Back” events.

> Compares the (corrected) data with
PYTHIA Tune A (with MPI) and

HERWIG (without MPI) at the
particle level.

Sergo Jindariani

"TransMAX" Charged Particle Density: dN/dnd¢

14 - ,
| CDF Run 2 Preliminary . coqing Jet- I o L
E 12 dats ected to particle lewal — : i "I -1—-‘ e | Aol
a : 1 )
8 1.0 - 1
g "Back-to-Back” - i L

08 1 F = =
H g .1 .i' - m m| m| = = = .
- = —. L
£ os N\ T
£ HW [ PY Tunea | ik
E &k MidPoint R = 0.7 [n(jet#1) < 2
: f 1.96 TeV Charged Particles (|n|<1.0, PT=0.5 GeVic)

02 | | | : | | | |

0 50 100 150 200 250 300 350 400 450
PT(jet#1) (GeVic)
"TransMIN"” Charged Particle Density: dN/dndj
06
~CDF Run 2 Preliminary MidPoint B = 0.7 [n(jet#1) < 2
£ s data corracted to parficle laval
1.96 TeV
g 0.4 Ak HW _
% l THE "Leading Jat” \E T
[}
G 03 ARILE] T =5
o "_‘-_h
E 0.2 - == -"-"‘""‘
& "Back-to-Back” I e
= 0.1 f — i
Charged Particles (|n|<1.0, PT=0.5 GeV/c) P¥ Tune A |
0.0 ; : : : : : : i
0 50 100 150 200 250 300 350 400 450
PT(jetit1) (GeVic)
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Under | yi ng Event

Pythia Tune A vs. JIMMY

Jet #1 Direction

Jet #1 Direction

“TransMAX” _4

“TransMIN”

Jet #2 Direction

> Shows the charged particle density,
dNchg/dnde@, in the “transMAX” and
“transMIN” region (p, > 0.5 GeV/c, |
Nl < 1) versus P (jet#1) for “Leading
Jet” and ““Back-to-Back” events.

> Compares the (corrected) data with
PYTHIA Tune A (with MPI) and a
tuned version of JIMMY (with MPI,
PTJIM = 3.25 GeV/c) at the particle
level.

Sergo Jindariani

"TransMAX" Charged Particle Density: ded'r}dth
1.4 -
CDF Run 2 Preliminagy = = ~ 1 -
’E 1.2 - a corrected to pargicl®evel "LEﬂd_'ll_l'lrg JE‘I'; 2 OF T =
= E. - - T ——- i i jl__ S|
(=] T [ ——r
% 1.0 ;
E m = = = E =™ m = - = - =]
ﬁ N e T "Back-to-Back” T L
i E I [ 3 [
: :
2 o6 =
& s PY Tune A
E i MidPoint R = 0.7 |n{jeti#) <2
| 1.96 TeV C harged Particles (|n|<1.0, PT=05 GeVic)
0.2 ; ; f ; i ; f f
o 50 100 150 200 250 300 350 400 450
PT(jet#l) (GeVic)
"TransMIN" Charged Particle Density: dN/dnd¢
0.6
CDF Run 2 Prellminar idPoi s i
= T : Y Sya| MidPoint R =0.7 njet#1) < 2
g 0.5 =
g » 1'§ Tev - - =] L=] - o Em O E E =" = = = = -
Boa+HL o — ===
P = "Leading Jet"
2 i3 = ]
U 0.3 i e bt [
i $ - T
% 0.2 % i 151 8
5 -1 "Back-to-Bac k" /./ e
By (] il
Charged Particles (|n|<1.0, PT=0.5 GeV/c) PY Tune A
0.0 ; i f ; f f f f
0 50 100 150 200 250 300 350 400 450
PT{jeti#1) (GeV/c)
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Under | yi ng Event

"Transverse" <PT= (GeV/c)

"Transverse" Charged Average PTI

1.7
CDF Run 2 Prellmlna ry "Leading Jet"
15 data corrected to particle level T T
' PY Tune A, DW E i
1.3 m
- -T J_
i 1
1.1 4 -
1 PY-ATLAS | MidPoint R = 0.7 n(jet#l) < 2
L
0.9 ¥ t;____I
+ 196TeV ! yErwiG ! Charged Particles (|1|<1.0, PT>0.5 GeV/c)
e e -
0.7 i i i i i i i i
0 50 100 150 200 250 300 350 400 450

PT(jet#1) (GeV/c)

&)
PYTHIA 6.2 CTEQSL

Parameter Tune DW Tune DWT ATLAS
MSTP(81) 1 1 1
MSTP(82) 4 4 4
PARP(82) 1.9GeV | 1.9409GeV | 1.8GeV
PARP(83) 0.5 0.5 0.5
PARP(84) 0.4 0.4 0.5
PARP(85) 1.0 1.0 0.33
PARP(86) 1.0 1.0 0.66
PARP(89) 1.8TeV | 196TeV | 1.0Tev
PARP(90) 0.25 0.16 0.16
PARP(62) 1.25 /125 1.0
PARP(64) 0.2 / / 0.2 1.0
PARP(67) . | 25 1.0
MSTP(91) 1 / / 1 1
PARP(91) / 2.1 1.0
PARP(93) | 150 5.0

Identical to DW at 1.96 TeV but uses
ATLAS extrapolation to the LHC!

Sergo Jindariani

» The “transverse” charged average p,, versus P,
(jet#1) for ““leading jet” events at 1.96 TeV for
Tune A, DW, ATLAS, and HERWIG (without
MPI).
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( Concl usi ons )

> Nice agreement biwk_distributions in data and theory gives further support to

the idea that the pQCD stage of jet formation is dominant (earlier this was
observed for the particle multiplicities, momentum distributions and momentum
correlations).

» The “Event Shapes and CDF” analysis is in progress and we expect to see very
Interesting results. Awaiting theoretical predictions to make comparison of data to
the results of NLOHNLLA calculations.

»We are making good progress in understanding and modeling the “underlying
event”. However, we do not yet have a perfect fit to all the features of the CDF
underlying event data. So far Pythia Tune DW seems to be the best.

> It will be important to measure the “underlying event” at the LHC, tune the
Monte Carlo models and compare to CDF.

Sergo Jindariani 19 HCP'07, May 20-26, 2007
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[ CDF det ect or j

Central Cal. __= Solenoid

Piug Cal oo T

T A
clc 8¢ =
(T & - B
ﬂ ( “ g k R i;/i
B i ,--""*’

\ N %

S = _ o | ‘

MiniPlug Central \—=="10
Cal. Tracker ™~

Measurements rely on several detector components:
COT+SVX —track and vertex reconstruction

Electromagnetic calorimeters — Jets, ",y
Hadronic calorimeters - Jets

Sergo Jindariani 21 HCP'07, May 20-26, 2007



Particle Momentum Distributions]

4 N
— Particles in small angle 0 =0.5 rad arond jet axis are counted

jet )

— In theory are defined in terms of variable &=1In (

hadron

ij:452 GeV/cz2 > Sensitive to soft and hard

particles.
% > Low p < high £ and vice
@ versa.
= » The peak position depends

L
. on Q=Ejet9c and corresponds to
L]

&‘
_'..“
¥

particles with p ~ several GeV.

o
—
)
w
~
o
o
~
oo

clt:l n (Ejel/ p particle)

It has been shown in Run I that theory describes data very well.
. Parton shower cut-off extracted from the fits - Qeff~230 MeV. )

Sergo Jindariani 22 HCP'07, May 20-26, 2007




( Morrent um Corr el at i ons |

Theory: C.Fong, B.Webber (1990) (1990) Phys.Lett. B241:255
d’n

__dgdg,

dn ., dn

( d§1)< ‘.

:C0+C1<A & +A §2>+C2(A & —A 52)2
)
- CO, C1 and C2 depend on Yzln(EjetGC/Qeﬁ,)

C(§,.&,)

MLLA: R.Perez-Ramos (2006) JHEP 0606, 019 (2006)

2N . )
Ridge-like structure:

» Particles with like momenta correlate
» Correlation is stronger for soft particles

NE=E-E, central diagonal profiles

=3
31'” &  COFAw ;-1'5 A COFRun
’Q‘1— 145 fitto COF daka 145 fit ko COF data
I :{_; ucertanty of the it o uncertanty of the it
i - =+ == ForgWebberQ -zzoMeV 2 N T Fong'Webber O =z3oh=V
& R IR A. Perez- Rama= 0, ~Z30k e G 14| .- ... RPemzRamos O -Z30Me v
— —

o

1E=

s \‘ SE 0.
I ‘ e S CF | S g 0.8f

e~ T a7g-" " 0.7F

o.sy i :
I = 13F o=E,, 8.=100%0.5=50G=V 1.3k Q=E _ 8.=100%0.5=50GeV L
- "l
""

- L4
u_E'il|||||||||u'|||||||||||||||||||||||||||||||||||
i1 8 1
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( Morrent um Corr el at i ons |

d’n
_dg,dE,
dn @

<d_€1)< ‘.

C(§,,&,) =C,+C,(AE,+AE,)+C,(AE,—AE,)
)

- CO, C1 and C2 depend on Yzln(EjetGC/Qeﬁ,)

Y0140 A CDFRun Il preliminary g F
CDF fit by Fong/Webber Q_,=147MeV -0.02 B

---. Fong/Webber quark jet Q_=147MeV N
-0.04
«wr Fang/Webber gluan jet Q_, =147MeV ~

-0.06— §

....................... -0.08F

006 PN | el -
and C (Q) K 1 | ol ; A CDF Run Il preliminary
2 0.04f [ :f -------- : T ,,,,,,,,,,,,,,,,,,,,,,,, F ;" CDF fit by Fong/Webber Q_ =131 MeV
N -0.12[ --. Fong/Webber quark jet Q_=131MeaV
0.02— :
- . . Fang/Webber gluan jet O_ =131 MeV
- -0.14 -
0 l R— L I ' : N T T T
0 20 40 60 80 100 Q'I%.Oev 0 &0 20 100 120
(GeV) Q(GeV)

— Hadron correlations follow the pattern expected for partons;
Qe ~ 140 + 80 MeV
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Correl ati on Dat a- MC

Pythia Tune A and Herwig 6.5

- Both MC generators reproduce correlation in data fairly well;

| AZ-AE, Diagonal |

Sergo Jindariani

A CDF Run Il preliminary
—— fit to CDF data
—— Pythia Tune A
Herwig 6.5

Q=E._6.=100%0.5=50GeV

jet " cC

2 15 -1 -05 0 05 1 15 2
AE-AG,

| AL FAE, Diagonal |

0.6

A CDF Run Il preliminary
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] Kt distributions |

Measurement:

- Well balanced di-jet events with Mjj ranging 60-600 GeV (divided in 8 dijet mass bins);

- Jet axis in the central region In1<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 6 =0.5;

- Unfold the small underlying event contribution; =
- Correct for tracking inefficiency;
- Remove secondaries ( conversions, ....)

beam-iine

Theory( to make compare to data):
- produce curves for a mixture of quark and gluon jets;
- get fraction of gluon jets in the sample from Pythia Tune A Monte-Carlo;

- compare only shape of the distributions (not the overall normalization, which was proved to be
correct earlier);
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Event Shapes
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