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Jet finding algorithms

“R
z

Clustering of final state objects (tracks, energy deposits) into few jets:
- “longitudinal invariant k,” algorithm

* infrared and collinear safe
* minimally sensitive to fragmentation and underlying event effects

Correction from parton to hadron level:

* fragmentation: partons from the hard scatter fragment into hadrons
* underlying events: photon and proton remnants partons may produce secondary scatter

= correction factors obtained from LO Monte Carlo models with parton showers
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QCD calculations

Direct (x, ~ 1) Resolved (x, < 1)

Jet Jet

direct _ ~ resolved _ o
O-ep—+e+Njets+X _fy/e®fi/p®o-yi—+Nj€lS O-ep—+e+Njets+X _fy/e®fj/y®fi/p®o-ij—+Njels

Resolved/direct processes:
e resolved Y's are useful in photoproduction as well as in DIS when Q* < E;°

* distinction can only clearly be made in LO PR
* use x, to separate resolved and direct enhanced samples _ Z jets By e
. Y
QCD calculations: 2E,

* renormalisation and factorisation scales in f-factors lead to some uncertainty
¢ different NLO calculation differ in their treatment of infrared and collinear divergences

= Jet production provides a means of testing:
e NLO matrix elements e photon and proton pdf's
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Jet photoproduction: E",

H1 Inclusive jet photoproduction - First H1 data on inclusive jets in
S 2 2 . . .
e o ¢ Hi data G° <0.01 GeV* (x R;) photoproduction with the k, algorithm!
I 107 i H1 data Q% <1 GeV?
£ o0 L = NLO (145, ) * cross section falls by more than 6 orders
o hadr. . :
wo e NLO of magnitude from E;/ = 5 to 75 GeV
~ GRV,CTEQ . .
8 1_15 i M * LO QCD underestimates the cross section
T10 | (Iess so at high E/)

* NLO QCD reproduces the data well, but
needs hadronisation corrections at low E;

10 E jnel. k, algor. (D=1)
i ol * different choices of photon and proton
10 | 15 <25

| 164<W, <242 GeV pdf's describe the data within errors
10 | | | RN I U (variations at the level of 5-10%)

— NLO(1+38_,)
""""" hadronisation correction uncertainty

renormalisation and factorisation
scale uncertainty

-~ |‘ eelece il it bt Do ndipp b \
0 2 80 40 0 B W calorimeter energy scale uncertainty
Et [GeV]

(G-GTheory)/ OTheory
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Jet photoproduction: n,,,

H1 inclusive jet photoproduction

incl. k, algor. (D=1)
Q?<0.01GeV?
164 SWTP < 242 GeV

g ——— |,y
...........

o

£ j: H1 data

g, B

£ 401°  — NLO (145, ,.) %

5" [ S NLO GRV,CTEQ5M
b.?,' ......... LO

L B NLO (1+6,_,)  AFG,cTEQ5M

hadronisation corrections increase
towards proton remnant
for E/* > 12 GeV the data are well

described by NLO predictions
N, distribution at low E/* seems to

indicate a faster rise in data than
according to NLO QCD

- possible problems:
failure of LO MC to describe
hadronisation
inadequacy of photon pdf

higher order corrections required
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Jet photoproduction: scaling

ZEUS ZEUS
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Parton Model: scaled G, as function of x, = 2E;/“/W is energy-independent
QCD: scaling violations occur due to structure function evolution + running of 0

= first observation of scaling violations in ep jet photoproduction
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Jet photoproduction: O, extraction

tsl‘l “-2 L T T LI T T C T T T T
ZEUS 0 ZEUS 98-00
;& 0.16 | lo ZEUS I98 lOOI I 018 from o, (M) = 0.1224 +0.0001 'yoens ‘005
- I . - — - .
g | B8 Bethke 2002 | allEj N ¥ Bethke 2002
War 1 regions 0.16 BN

0.14 _
0.1 - 1 I
I : L : I . ! L I i
20 40 60 0.12 I
EXt(GeV) _
e fit of 0.1 1! - |
. _ _ 20 30 40 50 60_t ] 70
[do/dE) (og(n))]=Clog(1)+Choc (k) B (GeV)

with C,' and C,’ constants obtained from NLO QCD calculations
e fit of energy-scale dependence of measured o(E/) to renormalisation group equation

& (M ,)=0.1224 +0.0001 (stat.) "2 (exp.) 0002 (th.)

= competitive 0, value is consistent with the current world average of 0.1183 £+ 0.0027
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Dijet production: virtual photon structure

® HI Preliminary Herwig dir  — Herwig dir+res +res, Resolved ph()t()ns are in principle not
BRIy s Lakeude obligatory for Q° > A,
P I LEF 5l 075 LO however does not describe the data
*r; R r.«% » 44 <O <10 CaV - higher order effects are needed
% a3 = % 200 - JF H1 Two approaches:
~ 12 ] _%_, = B0 T E * HERWIG (DGLAP + resolved v): ¥,
.:E“ L E Fwoorp : :’:Lﬁ:t as well as vy, are needed; y-
% st g sop . HHEE distribution should in
S o [N e ;5" 13:_ e — principle allow to
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= 03 F e 14 ‘ both
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015 F i g i 3 unordered CCFM
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0 02 04 06 03 X; 0 02 04 06 03 yl an d ’YL fOI‘ all QZ) m
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Dijet electroproduction: NLO models
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Ratio of resolved to direct enhanced

components:
d
T (x™<0.75)
dQZ Y
R= y
ngz (x> 0.75)
* R as function of Q” in bins of
average E:

- resolved contribution at low O is
surpressed as E; increases

® Comparison to NLO models:
* DISASTER++ (pointlike )

e JETVIP (dir.+res. ¥)
- neither really describes the data
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Jet electroproduction: E/*

do, /dE, [pb/GeV]

(QCI?-Data)/Data
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i E ® 1

| -1.0<mn,, <05 | 05<n,<15 | 15<n, <28

] uncertainty

hadronization

do,,/dE; distributions are well

1 described by NLO (DISENT)
| calculations:

* in the backward region
e atall m,, for E;>20GeV

| Deviations are however visible:

* in the forward (towards
proton remnant) region when
both E,and Q° are small

* accompanied by large
corrections between LO and
NLO

- see talk by Stathes Paganis

renormalisation scale
uncertainty
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Jet electroproduction: scale dependence
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Study of interplay of possible scales in DIS jet events:
e " = E;” = discrepancies for forward 1, for 2 < E,;”/Q° < 50 where both scales are

small

100 1 10 100

E%/Q

* 1,” = O = large deviations for E,;>/Q*> 50 where Q” is small (this choice of scale leads

to large scale uncertainties)
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Jet electroproduction: O extraction

HERA O, Measurements

ZEUS OSSs8I 0
?0124—' R R R R —f—t— Experimental uncertainties
ﬂl:'.ll.l_ [ : SIEEURIETT I . T Thearetical uncertointies
= - N Theoretical uncertainty
L0220\ | -
i _ +0.0040 ] e A ZEUS 96-97 Incl, jets
i — from o (M;)=0.1212 .04
o ZEUS NLO-QCD fit 2002
T .. zEUS (prel) 96-97 Subjets
e ZEUS {prel.) 95=97 Jel shape
—fre—- ZEUS dijets
=T (Phys. Lett. BSO7 {2001} 70}
—— H1 Incl. jets
1755 e (Eur. Phys. J. C19 (2001) 288)
1 I 1 Il i 'l I L L L 1 I Il 'l 'l 'l I L L 1 i I 'l 'l
10 20 30 40 30 - H1 NLO-QCD fit 2000
E‘?j&t (GeV) (Eur. Phys. J. C21 (2001) 33)
o . i | PDG 2002
- Similar o extraction method as before, (Phys. Rev. D66 (2002) 010001)
: 2 2 2 Vi . S. Bethke
—
applied to do/dQ" for Q° > 500 GeV~ yields: i TN
i i l i i i I i i i I i i i I i i i
+0.0023 +0.0028
oo (M ,)=0.1212 £0.0017 (stat.)"0%% (syst.) 709 (th.) 0.12 ME’ )ﬂ-” 0.1
; ; o, (M,
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Summary

- HI and ZEUS have measured jet photo- and electroproduction in a
large kinematic range with cross sections ranging over 6 orders of
magnitude

- competitive 0O values are obtained and are in agreement with the
world average

- NLO calculations do a very good job in describing jet cross sections
except in some areas:
 forward jets at low Q°, E;”
* the ratio of direct to resolved enhanced components in dijet
production

- new high precision data should be used in global fits of photon and
proton pdf's
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