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HERA

* Proton-electron collider (Vs = 3204eV) situated tn
Hamburg, Germany

* 220 bunches, 96ns
Crossiings

* Bquivalent to a 50Tev
fixed target beam

* 6.4 km circumference

(2F.56¢eV)
e 7 5‘4&8 _
P (920 Gev)
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o Deep-nelastic Scattering

* virtual boson tnteracts with constituent Pa rticle of proton

* Mowentum tmwsfer, R2 = —0(2

- Virtuality of exchanged bosow. e ,( )
IQ’
- Fractional momentum of = (R -R’)
struck parton. -

* lweLasthLtg, Y =pq/pR
- Relative energy of electron P . =
transferred to proton. (p)
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et Production

* ‘Struck’ parton quickly hadronises
* Forms tight spray of hadrons - a _jet
* Further jets may oceur due

to RCD radiation (gluons).

* Jets studies caw reveal
muceh about the tnternal
structure of the proton.

* Require preeise jet
measurements.

* HERA e)qaerimewts have exceLLewtjet resolutlon.
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et Production

* Neutral Current Dlsje’c cross-sectlon :

Ojet ) E fdx.fa(xﬂuF’as).dOa(x’MR’MF’aS(MR)).(l+5Had)
=444 (1) (2) ()

* (1) Parton Dlstribution Function (PDF). Determained
e)q:erimewtattg, evolution predicteot by RCP.

* (2) Hard scattering cross-section. Caleulable from RCD.

* () Effect of Hadronisatiown.
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Oc Extractions

“While the true is Godlike, it does not appear
directly. We must divine its reality from its
ma wi—{:estatiows.” - qoethe

* The strong coupling, the only free parameter
of RCD, can not be measureol directl,g.

. 38
T e

il yd * pata from processes thought
:.,: " to depend on 0 must be

i3 il ,

“F A compared against theory

o - R . , ’

onf B b i hate predictions and the strong
o ;H ; : : ;ru:-?'u::ffﬂ}u”-."l: OO%PLLV\IQ 6)(tra0ted.

ag (Mz)
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RCD Uncertaintres

* Renormalisation scale (u,) - scale at which strong

aoupliwg evaluated

* Factorisation scale (N«{) - scale at

e e
\\// which parton densities evaluated

z ,
Z * _
O > Oe (iLy) Cross-section only not olepetf\,dewt
iy ow Wy for all order perturbation.

3
........... o chertaiwtg cawn be as large as
p O 50%, even at NLO.
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NLO caleulations

* older programs e.g. DISENT, DISASTER still used.

* NLOJET + + Ls now most popular.

* nterfaced to various PDFs eg. CTER, MRST

* Partow level cross-sections - need to rely on LO MC for
hadronisation corrections

* No Z exchange - excludes highest @2 regions from RCD
analysis where theory uncertawnty ought to be lowest.

* Theory ervors dowminate - factor four Larger than
expertmental errors for HERA average O (Mz)
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TE-CARLO )
[T_&H; [e Casino

* only Leading Order Mownte Carlos available for DIS
- Matrix element + parton showers (e.g. Rapgap, Lepto)

- Colowr olipoLe wodel (e.9 Artadne) parton level hadron Level
* Hadrontsation model ¢ X . ,
- Lund string ‘
{mgm:cewtatiow B B N
- Herwig Cluster | - —
* Used for detector, RED : | sl

- —E— @ sl
and hadronisation ———— ' !

corrvections B _._Q I S

PDF
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The Breit frame

* Frame where virtual bosow is entirely spacelike

* At Lowest order, quark s back scattered

* Practical - High Bt jet events must be at

Least order O

jet

1

o
.

jet
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* study of the inclusive jet

CroSS-Sectlon.
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dofdEy, (ph/GeV)

* Cross-sections measured as 10°

functions of Bt and @32 10°

* Excellent agreement between. -

data and NLO over many

orders of magwnitude.

Inclusive jets tn DIS

ZEUS

+« ZEUS (prel.) 98-00
—— NLO (u=E'Tg)
—— NLO (u,=0Q)
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= ZEUS (prel.) 98-00
* og extracted with competitive o2 - QCD
(x (M) = 0.118 = 0.003)
wncertainties over a large »
range of Bt and momentum “ R |
15| e
tra I/\IS“CCY. oz . I
E e ZEUS (prel.) 98-00 “l0 20 30 40 s0 6 70 s %0 100
= " world average all E’-FLH Q) (GeV)
B | regions
haz Ti*ll * Running of coupling
0. GLCQVL% SEew.
LI 20 Ll 4

ETy (GeV)
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M M.Ltf:j ets

* Study the trljet anol oli:jet cross-sections ano thelr ratio

* (Lo) Three jet processes are of oroler g2
* (Lo) Two jet processes are of order O

* The ag dependancy of their ratio Ls a sewsitive test
of PRLCP. "
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"‘; 13 H1 Preliminary 99-00
§ . ® Dijets
e > A
hE“;. E#-‘ "'t 1‘1"-'-__ [—.--B:l:c"il"_gg:i-"l_','|
o o o T 025<pu® Q" <40
= | '- - ]
* 2 2 Iy .
150 < R2 < 15000 Gev2  §10'f S
( photon exchange ong) ol s, 5 Go h‘e-s‘ ‘
* Cross-sections with respect <y <25 AN
10 k M, My, >25 GeV -
to @2 show excellent g i
E'*I.E:—I e =
a@VCCWLCV\/t. E'Lﬂ-f— DIJETS - Hadronisation Uncerainty
* , a2
Sufficient accuracy I - ]

to take ratio, Rz />

5..f TRIJETS

* small experimewtal,
WIALCErEaLNELES - SUCCESS of
for HERA! 05 < =

o (GeV)
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M uLti:j ets

—

, . -'s%u.a!j; ¢ H1 Praliminary 99-00
* Cross-sectiom ratlo Ls 5 ¢ CTEQA
,. 2 .:_Eﬂ.ﬂd-: -, o, (M) =0.122
Vcrﬁ sensttuve to the 0a2F I . a,(M,) = 0.118
, S a,(M,) = 0.116
strong coupling. sl I ~— o (M) =011
: R T a, (M) = 0.110
0.28| } T
* Able to extract strong EI.EEE T, | T I
coupling with 0241 o
competitive 022¢
uncertainties. a0t a0t 10 240° 340°

G® (GeV’)

* Full HERAR data set will allow finer binning at higher
@2 where theory uncertainties are smallest.
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@ 0.2
o}

H1 Preliminary 99-00

* ,(Q)

¢ Averaged a (M,)
World Average (PDG):
a. (M) = 0.1187 = 0.0020

0.2

* High precision Og .18

extraction. Excellent 0.16

T
i
t

agreement compared

, 014
with World Average ()
(Prpg) M2 ae
; n_‘lss ; PR T T | i PR T |
* Running of S 013F a0 (M) - - Theory Uncertainty
strong coupling 0.125¢ I ,
, 0.12§ . .
clear as function 0.115 I I I :'}I
of @2 011" 10° 10°
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Forwarol J ets

£

, 4 e —_

* HERA extends Xpj regron i-].

dowwn to 1074 X gj xg;j (small)

F A 3
* Parton. can tnduce RED c . \
, , ey evolution

cascaoe, before interacting - from large |

with virtual photow. - to small x |
* (nteresting region to stud - forward jet

9 @’ 5 W' B E}H
parton dywnamtes - Yet E, (large)
p [ =
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Forwarol J ets

5<Q°<10 10<0°=20 20<0°<85
2
, S ey Rl BT Sl
S NLO DV\/LU D[CSOYLbCS E___ .:Lﬂmm:_!r] 1.5 __-_HLUD‘EET,“, .‘"Ll:ll:l'IEE_IH_;I;
, , ﬁ' \ 1k uFél-ll.r'-c:rE" 0.04 .l-_._
high Pt forward jet data. g ° -
ol

0S|~ = 0.02 L‘—:l:':
{rm uuull.l.E-l.-.h‘- u “'."t"i“l"l"
0.4

2 350219 | 8] 1.B<r<A5 LI TR
<r>=8,1 . f>=d.2 0.02 =18

| o anl
il 0.2
0.0
—il—
*Fe o [ 1 |Fpmsn i

* Perhaps higher orders
requtired c.f. difference

35<p,2<95
do /dxdQ°dp 2 (nb GeV')

between LO and NLO.
g E1=£se A 0 o I !
* other RCD based wodels T e
’ , 0.1 0.02 L
perform better tn this 4
4 % 0.05 0.01 000 = =
régLow o | ] L
ﬂtlul -ujfﬁ'-'"-"-'1 IZII:”." ﬂ1 I; :lL 4
Xg; x 10° Xg; x 10°
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Forwarol J ets

5<Q°<10 10<Q%<20 20<Q°<85
Btz B oras | CO[d e * 1
o [ Y I =l S cowvewt,bowal, PGLAP
I e I i+ B ™ caleulations order
A il T
N | me partons Ln \/Lrtu.awcg.
" 1'; 0 T -:|'.|.:u|:1 IE..E Jiiuill-ll;.l
J B 3518 DAeredd , ,
9 € g weld * Models tncluding
W :.T p—— ’ ,
T g l- or TH breaking of ordering
1, 1 ’
T 1 [T j&: describe data better.
T o L o WALLIL TR EHEE
E B 8.5.B0 0.03 ,
g " L * Higher order parton
Ly —4— - ’ , ,
g . emLsstons required to
0.m P , ’
. MEE = | describe radiation
0 i RANEURNTNTNY
01 05 1 81 'Patterl/\z at LOW X
Xg; % 10°
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(Xs (Mz) sSUMmLA Vg

Process Alpha_s | Statistical 53stematic Theoretical
(Mz)
nclusive BIS 0.1196 +p0p0011 | T | ooo19 | +| 0.0029
(Zeus) - | o.0025 | - 0.001F
Multyjets 01187 | *x 0.0014 |t | ooo22 |+ | o.0050
(H1) - 0.0024 - 0.0050
nelusive DIS 0.119F o + | o.0016 + | o0.0046
(H1) - | ooote | - | o.004g
Multijets 0.1179 + p o001z | T | oo0o2g |+ | o0.0064
(Zeus) - | oo04e | - | o.0046
I

HER A 0.11L6 o + 0.0011 + 0.0050
- | owo11 | - | o.0050
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ag (Mz) Comparison

HERA jet data
05 [ * HERA determinations
a(Q) "'-L conslstent with other
\ s Deep Inelastic Scattering ’
04l * ¢'¢ Annihilation | e)('PerbVWCV\/tS.
\ @ Hadron Collisions
LA * Uncertainties are very
-ll'-\. ’ 4
t N competitive.
l"“‘"l
02} \\x;‘_ . :
T * More data to come from
i o Wy HERAR = more measurements
0.1 - , ;o
e QCD (M) = 0.118 = 0.003 at higher precision.
1 10 100
Q [GeV]
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Summary and outlook

* NLO (usually) desceribes jet physics to high precision.
* Able to extract competitive og from HERA experiments.

* HERA Ls O uwique faciLitH for RCD studies.

* 700 pbL expected from HERAZR.

* More data and tmproved theory caleulations will allow
highest ever precision for jet physics in BIS.

* An excellent step towards full understanding of
backgrounds at LHC.
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