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DATA (points) vs HenwiglOFL (line)

M3 =628 GeV (upper set)

| k>1 Gevic

Fragmentation can be thought of as
the a two-stage process:

+ pQCD stage that governs
development of a parton shower

* phenomenological hadronization that
converts partons into hadrons

« the fuzzy border between the two
stages is usually associated with a k;
cut-off scale Q_,, «

pQCD with comfortably high k>1
GeV (R<0.2 fm) inevitably implies the
dominance of the phenomenological
hadronization stage.



inance scenario

MLLA, Modified Leading Log Approximation, after
re-summing pQCD terms in all orders, gives
analytical infrared stable expressions where one
can set Q_ . «~Aaco = Q4 (~200 MeV?);
it explicitly accounts for soft partons x,=p/E, <<1.
Mueller (1983); Dokshitzer, Troyan (1984); Malaza, Webber (1984)

LPHD, Local Parton Hadron Duality, hypothesis
assumes that hadronization occurs locally at the
very last moment and, therefore, hadrons
“remember” parton distributions: e.g.,
z:aa:-uxg-zg:-
» if all hadrons are accounted for, K, pupai nadrons)
~ 1
* if only charged hadrons are observed, K py;p 4,
~ 2/3 (adding 1=1/2 particles, e.g., K*K°, and
particles with predominantly neutral decay
modes, e.g., 1, may somewhat reduce it.)
Azimov, Dokshitzer, Khoze, Troyan (1985)




04

Gluon Jets:

* Multiplicity:
N,(Y), Y=In(E;sin6/Q.)
* Momentum distribution:

dNy(E,YVdE, & =log(1/x,), X,=p/Eje

Quark Jets:

* quark jet is different by a normalization factor 1/r, r = C,/C=9/4
* Multiplicity: N (Y)=(1/r)N,(Y)

* Momentum distribution: dN/d =(1/r)-dN/dg
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zmx._.a.z_.; corrections to multiplicity of parton in gluon
and quark jets:

* Noexttomia™ Frexttomiia X Nyioa (gluon jet)
* r+9/4
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dijet events with 80<M, <630 GeV/c?

require both jets to be in central region, well
balanced (AE/(E'+E2;)<0.15, |n|<0.9)

opening angle 0.17<6,,,.<0.47

e e e e e

0 10 200 30 400 500 600 700
Mij (GeV/c2)



M,;-scan (6, ~0.47), MLLA fit

Q. for all 9 M.’s and S opening angles 6,,,.'s
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Fitted values for Q. corresponding to 45 (5 cones x 9 dijet mass culs)
possible combinations. Five serics of data polats correspond to five cone sizes,
9 data poimts within cvery conc size correspond to different dijet masses
(towest at left), Qeff=240 £40 MeV.

MLLA fit dN(E,Y )/dE
Q.=constant=240+40 MeV
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Npagrons(Miis6) = Kiprp Nparons = Kipnp (€5 N7 6) + €4 N9¥®g) )
= Kipup ( Egmut(1-g5 vp)/r ) Ne#© )
= Kipnp ( &g Min+{(1-€g )T ) Froyiiomun NS (©)

= K (Mjj) Ne#=t (&)
am CDF preliminary
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« r=1.840.4 (indirect)
* K, pup=0.58+0.05 +0.08

the measurement is “indirect”:
the result relies on MLLA-predicted
dN,(E.M;)/dg
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CDF preliminary
For fixed M.
-u

[ -ossromssons  [K-osszosszeos | K=ossy .
G, SR (SRS | K should be angle independent

O = o= 1304 86 ____.f_i

: w.anuaﬁ:

- 6=0.28, 0.36 and 0.47 rad A

u =047 K=0.56 £0.05
B =0.36 K=0.54+ 0.05
850,028 K=0.53 £0.05
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Model-in _. nent of r

Jet-jet N .grons(8)= Kipup( Egmint (1-85 i )/N)F exe to-mi LaAN97e (§)
Vet N'iagrons(8)= Kipup( € gtin+(1-€"gmi)/r)F ext.i0-m aANT24(E)

Dijets with M.=80 GeV/c2:
N = 5.77+0.03 tracks/jet

L+ Photon-jets with M..=80 GeV/c?:

CDF Preliminary
<+ Jet-Jet Events _ _ e
oo | ylet (+akes) ¢+, | 40 Qi

; N’y = 4.83 £0.05 tracks/jet

- e Sy (Photon-jet sample has ~70% of true
o5 | oyt ++H photon-jets and ~30% of fakes--dijets)

15 b ¢+ +

S il
+,” +n+ direct measurement of r
ML. + Y r=1.74%20.11 £0.07
L ..
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P oty . CDF Preliminary
< Jet-Jet Events
o ki Eﬁ.ﬂa i | Classical MLLA limitr=9/4
mﬁ.,.. : +++++ - d e ]T_
+ | +“..++ +++ MTW —t— ——
+ & Z |z | _
t 4 g ' | . g &
b ' i E 3 3 § 3
| | m@.f:z | ‘ : * gy, E=log(ih)

r may depend on particle momentum, being larger for
soft particles, but errors are too large.
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LPHD:
. We measured K, pyp (1) = Nhadrons(+-) / Npartons = 0.560.10

« Energy fraction carried by charged particles:
TASSO: 0.59+0.01 for Q=12-42 GeV -- Z.Phys.C22(1 984)307
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MLLA Q.
* MLLA o, =2n/(b-In(k,/Aacp))
* Quuon=Aaco = Quy
* Measured Q_, = 240240 MeV
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)

Subjet Structure Using the k; Algorithm
A

- ky Jet Algorithm

» Subjets

- Method

* Quark and Gluon Jet Extraction
* Gluon Jet Fraction

- Raw Measurement
- Corrections

- Systematic Errors
- Conclusions
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- Tevatron = jet factory
- QCD: jets come from quarks and gluons
- Quark & Gluon jets different

Ratio: C,/Cr=9/4

- Measure it (statistically)!
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Unravel jets until all subjets separated by y_,

rel 2
h ﬂ.m__ V \.—\. cur
E;

Resolution parameter y,_,

* Y.u— 1 Single subjet per jet
* Yeur— 0  Infinite resolution
Subjet Multiplicity

N

subje

10° 107 10!
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Linear combination:

Jet Observable —
E. = mn M, + Q-Cga
Gluon Jet Fraction — Quark Jet Fraction

- Assume M, M, independent of cms energy

Solve for g/g jet observables
[ 1800pq630 _ .\.&ah&;%
M =

q f 1800, f630
(1 - [ S3)MI3% _ (] - f1800) \go30

[ 1300, fo30

M, =
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D=0.5,y=10°
55 < E(jet) < 100 GeV
Mjee <0.5

Js (GeV) (M)
1800  2.74 +0.01
630  2.54+0.03

uuuuuuu

.........

Subjet Multiplicity A
More subjets at \s = 1800 GeV
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Vs (GeV) ' A
_ M 1800  59%
Znﬁu dN &:W DO Pr N:EEQ 630 33%
| Quarklets (1 } =2 28+0.02
0.4 “ Gluon Jets q
031" = . (M,)=3.08£0.01
0.2
0.1 -
= . 4 e S S B
4 6 7 8

5
Subjet Multiplicity M

1.63 £0.02
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m DO Data

| DO Preliminary O HERWIG 5.9
L ™ Quark Jets At._,v =2.32+0.03
R
r =

1 I A L (e W gy W
- 1 2 3 4 5 6 7 8
DO Preliminary Subjet Multiplicity M

L _“1 o Gluon Jets A tnv =3.02+0.03
Cm

IHF. -

1 M A 2 R .7 e i

1 2 3 4 5 i e 2B
Subjet Multiplicity M

HERWIG 5.9 (uncorrected): R=1.53 +0.04
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Measure MC subjet multiplicity in o Mparscie
particle level jets vs calorimeter level .o _

* Use 2D histogram to correct cal level jets m | | e

» Separate corrections for quark & gluon jets .
Measurement of M_,, replaced
with a distribution in M,

os| ¢
| dM
uark Jets
2:& aﬂz.?; _ﬂ..-. ] H o
e o - @ Before Correction
02 * @ .\ fter Correction
0.1] .

B e i e o
Subjet Multiplicity M
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D=0.5, y_ = 107
55 < E(jet) < 100 GeV
_.—.—mﬂ_ <0.5

Gluon Jets

Quark Jets
o

I e

Subjet Multiplicity M

DO Data R=3—%L
drEwicss R=1.86+0.04
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More subjets at 1800 GeV compared to 630 GeV

Using gluon fraction from Herwig at two cms energies,
we extract subjet multiplicities in quark and gluon jets.
More subjets in gluon jets than in quark jets

(M;)-1
?\bvl_
0.23

1.91 £0.04 (stat) + Sys
(stat) + " (sys)
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