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Forward Jets

Jet algorithm: Inclusive k:-algorithm Xp small
evolution
Events with energetic jet in the forward region. Irom L\?Irge
.. o small x
Target phase space for evolution in .
Suppress phase space for evolution in Q2. ‘forward’ jet
= Set = jage
)ﬁet Eproton J
H1 ZEUS
Forward jet 1.74 < njer < 2.79 0 (2) < njer <3
Hard forward jet p: > 3.5 GeV pt > 6 GeV
Target BFKL TIET = E]JE% > 0.035 COS Yhad < 0 (suppress QPM)
Suppress DGLAP 0.5 < g—% <D 0.5 < g—% < 2 (always)
If Njet > 1 — The forward jet = nmax | Event and jet cross-sections
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Kinematic range and Measurements

Kinematic range

H1 ZEUS
5<Q?<85 GeV | Q>25GeV
0.1<y<0.7 y > 0.04
0.0001 < xp; < 0.004 | no restriction
E. > 10 GeV E. > 10 GeV
Measurements
Forward jet cross-sections 2+Forward jet cross-sections (H1), difh
dfj;j (H1, ZEUS) As a function of the rapidity
%, ddE—JT’ Z—‘; (ZEUS) between the forward jet and
dejzg%dQQ (H1) the most forward di-jet.
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Jet-profiles (An) in bins of the forward jet rapidity (hadron level)

Profiles are OK described by generators.

dE;/dAn (GeV)

dE;/dAn (GeV)

10

10 |

1.735<n,, <23

e Hiprelim.
I — CDM
I --- RG.DIR

26< Njet < 2.65

H1 results

dE;/dAn (GeV)

dE;/dAn (GeV)

23<n, <25

10 |

2.65< Njet < 2.72

10 |

dE;/dAn (GeV)

10

dE;/dAn (GeV)

10 |

25<n,, <26

2.72< Njet < 2.79

No obvious broadening for higher 7¢yqjet — forward jets not affected by proton remnant.
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Jet-profiles (A¢) in bins of the forward jet rapidity (hadron level)

dE; /dAg (GeV/rad)

dE;/dAg (GeV/rad)

10
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1.735< Niet < 2.3

— CDM
I-- RG.DIR
- CASCADE

e H1 prelim.

3.14
Ag (rad)

26< Njet < 2.65

3.14
Ag (rad)

dE; /dAg (GeV/rad)

dE;/dAg (GeV/rad)

10

=
o

2.3< Nigt < 2.5

3.14
A (rad)

2.65<n,, <2.72

Profiles are OK described by generators.

dE;/dAg (GeV/rad)

10

=
o

25< Njet < 2.6

A (rad)

Ag (rad)

3.14

3.14

No obvious broadening for higher n¢yqjet — forward jets not affected by proton remnant.
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H1 forward jet data

~e H1prelim.

. E. scale uncert.

1000

750

—INLO di-jet 1+,
with scale uncert.

do/ dej (nb)

500 |

250 |-

\ \
0.001 0.002 0.003 0.004

pr = <pt2,f'wd> = 45 GeV?

0'25<pt2,fwd> < “g < 4<pt2,f'wd>
(CTEQ6M)
NLO di-jet ok for larger xzp;.

do

drp;
H1 forward jet data
—~ 1000
i_: —4— H1 prelim.
N B E. scale uncert.
& ] RG-DIR
X 750 ----RG-DIR+RES
g ——CDM
o | IR ... CASCADE
©
500 f-..[" W
250 s

0.001 0.002 0.003 0.004

PS with DGLAP evolution similar to NLO.

RG DIR+RES best.

CDM and RG DIR+RES too low for lower zg;.
CASCADE to low at lower xg;, to high at higher zg;.

All models to low in lowest x p;-bin.
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5<Q?<10 10<Q?<20 20<Q?%<85 )
d°o
9.5 0.95 0.05
B 1.2<r<7 | 0.6<r<3.5 0.1<r<1.8 d dn2d02
g | -®H1 prelim. zp;dp; dQ
\V | BE.scale uncert B
%__. [ EINLO di-jet i
1+4 | . .
A arsr el 04TS T E 0.025 Cross-section as a function of xp;
(Q\
N N * in 3x3 p2-Q? bins. No Zb-cut
N i : : i in 3x3 p;- ins. No &5-cut.
~ 2
L 29 0.39 o.ozg Kinematical regions in P —
) || 3.5<r<19 | 1.8<r<9.5 | 0.4<r<4.8 Q
i)
& € A
V oo - 2 2
NN = < Q _
g & 11 0.185 || 0.0115 Pr
Y, - . .
10 oy : DGLAP-like dynamics
» 2 I
X - 2 2
2 0.1 0029 0.0025 P ~ Q7 -
o _g 9.5<r<80 : 4.8<r<40 1.1<r<20 BFKL-like dynamics
g | 2 2
V 5 > -
% 007 0.014 [F 0.0012 pr > Q
\V) B -
v I resolved ~v-like dynamics
o I
0 . 0 0
00001 , 0001 00001 . 0002 0001 0.004 Note different ranges in z !
Bj Bj Bj J

2 __ 2 _ 2
pry =< Pt fwd >= 67 GeV
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5<Q%<10 10<Q?<20 20<Q?%<85

o
3
o U= 0-95 M 6<<ss 005 -~ 0.1<r<1.8 dz p;dp; dQ?
[ o-H1 prelim. :
Y, WE scale uricert Comparison to QCD models.
N CIRGDIR
o - --RGtotf TR | e
V 5.5 0.475 0.025 2 2
& pr < Q7 -
S i """ DGLAP-like dynamics
0 0 : _— 0 ——
Q 2 ~ 0?2 -
(&) 22r 3.5<r<19 036 T 1.8<r<9.5 0024 ... 0.4<r<4.8 P Q
Lo g : o S BFKL-like dynamics
‘\\'/J\'d_“ AL § 2 2
FE N [ > Q-
o & == resolved v-like dynamics
X
S 0 0 0 .
o %21 9.5<r<80 .04 4.8<r<40 0.0023 ® RAPGAP DIR - fails,
= © - - but is closest to the data.
N/ i n in the most DGLAP like region
(qV
g 0-105 002 PO 0.0012 e RAPGAP DIR+ RES ~ - Good
O
o . e CDM - Alright, but
0 0 - 0 problems in res. -y region.
0.0001 XBj 0.001 0.0001 XBj 0.002 0.001 XBj 0.004 e CASCADE -

Goes in the right direction.
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2+forward jet cross-section, di—‘jn

Select two hardest jets (pr > 6GeV) JET1 and JET2 -
in addition to the forward jet (p; > 6GeV’) - 2+Forward
2

Jet Event. (No %—Cut.)

Ne < NJET1 < NJET2 < NFWDJET

JETl
] o
1 A _
N = nNJgerT2 - MNMJET1
JETZ
Ane = NpwDJET - NJET2
Xg an

FWD JET

Amnyp < 1: small n separation between the two hard jets
- small x4 - room for many emissions and evolution in
x - BFKL-like ladder.

Any; > 1: large n separation between the two hard jets
- Shorter parton ladder - not that BFKLish

do /dAn, (nb)

do/dAn, (nb)

An,<1

4 H1 prelim.
M E.scale uncert.
Ed RG-DIR
---RG TOT
B —CDM
0021 | 4 [ CASCADE
001~ 1 7]
0
0 1.5 3
An,
An,>1
0.03
0.02
0.01
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Results from ZEUS

7
~ 10 ; T T T T T T ‘ T ; ~~ ]_O 4 - T T T T T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T —
g_ B ® ZEUS (prel.) 96-97 ] g_ = ® ZEUS (prel.) 96-97 ]
6 F ) ]
\'é. 10° & [ ] Energy Scale Uncertainty 3 \: r [0 Energy Scale Uncertainty 7
£ B Y 7 2 i . |
_é . S 1 — SN —— NLODisent: 0(?) 0 &,
= 0" T 3 ®) s N, e CDM : Ariadne
b E B S 10 — -
S F ] o) N MEPS: Lepto 1
10 4 = - © L ]
L —— NLODisent: O(a2) 0 3,4 ] Lo T T o
30 st A N T T
107 e CDM : Ariadne E B
Foo e MEPS: Lepto ] 10 =

|
L2271 NLO:05Q <, <2Q

[ 22l

15

5.4 data/NLO

0.5

NLO too low for lower xp; (as for H1), but
data within the u2 scale uncertainty.

Note 2 = Q2.
Cross-sections described by CDM.
LEPTO fails for lower zp;.

M NLO PDF Uncertainty

oo by b e e e e ey
15 L ) N N N L I Y L B B B

S

5., data/NLO

05 oo by b e e e e ey
0 0.5 1 15 2 25 3

r]jet

More forward jets —
Higher sensitivity to higher order emissions.

CDM again a good job.
ME+PS and NLO di-jet fails in description of 7 .
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ZEUS

® ZEUS (prel.) 96-97

Data very well discribed by NLO at high ;.

[y
o
[&)]

[y
o
w

L2 L R L] B L R R AL B

@ -" - —=---..__ L1 Energy Scale Uncertainty

........... N

NLO scale uncertainty and the difference to

2< r]jet <3 .
data diverge for smaller zp;.

do/dxBj (pb)

ME+PS different dependence on zpg;

10 — NLODisent: O(a) 1 8, compared to data.
----- CDM : Ariadne
0 L MEPS: Lepto
== - ——- CDM good.
9 2 NLO : 0.5Q < < 2Q -
% ]
d— L i . .
g L NLO PDF Uncertainty | == Data suggests more hard radiation needed
Lo | | | | 3
g 18 — — at high n and low zp;.
= = . . .
W | 1 == Large renormalization scale uncertainty
0.5 L . . . . .
10° 102 indicates that terms missing in the
Xg, calculation are important in this region.
J
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Conclusions - Forward Jet Measurement

® HI1 and ZEUS forward jet measurements give similar conclusions.

e DGLAP LO ME+PS (RAPGAP, LEPTO) and NLO di-jet fail for forward jet
cross-sections - CDM and LO ME+PS DIR+RESolved v OK (except 2+fwdjet) -
- CASCADE is in improvement compared to simple DGLAP evolution.

® 2-t+fwd cross-section -
Models not ordering the transverse momenta still predict a higher cross-section.

® Data suggests that more hard radiation (CDM, RES-v, CASCADE) - compared to
NLO and simple DGLAP evolution - is needed.

® Models that break the ordering of transverse momenta go in the right direction (CDM,
RES-v, CASCADE), while simple DGLAP evolution restricts the phase space too

much.
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