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Inclusive Jet Cross Section in High Q2 DIS

Steve Maxfield

textbook measurement Marcos Jimenez
- . ZEUS direct sensitivity to a_and gluon
2 o ZEUS (prel) 98-00 . .
.%Q i NLOIZuR=EjffB) 1 -> use In QCD fItS’
RS --- NLO(7Q) 0.22 o, from inclusive jet cross section
= g ] [77] . I
g S H1 preliminary 99-00
1 = - 0-20 — “‘._.‘ A as(Ez)
2< Wet< 1.5 i ] ; o o (M,)
i Q"> 125 GeV | 0'1 8 LA - m  Averaged o (M,)
1 1 } |cos v, | < 0.65 ? 0 1 6:— % . = — o(E,) from averaged o, (M,)
: 2 » F—— World average (PDG)
I ] n 0,(M,) = 0.1187 + 0.0020
10 2 L | 0-1 4 j
5\\\\‘IIII‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\g :
S 04 o jetenergyscaleuncertainty - - 0.12 —4 ; % .
§ 0.2 ; NLO uncertainty B - I
3 0 I YIRIT I //,,/,;’ ussssssssessnsser; BN 0.1 0_—
z : BT I T T ITTT 1] AT ] .
g 008t o
S0 15 20 25 30 38 a0 45 10 10 Et (GeV)
. EX'g (GeV) '
e Values of as(Mz) have been extracted from do/dE) 1, and do /dQ?
9
ﬁ
—

ZEUS: os(My)=0.1196 + 0.0011(stat.) T 0050 (exp.) Ty 00ty HT: o (M,)=0.1197%0.0016(exp.)" """ (th.)

-0.0048

fit only higher @, reduced scale dependencef
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Dijet Cross Section in High Q?DIS

Thomas Schorner-Sadenius

9T The dijet data improve previous analyses:
- larger statistics (almost factor 3 with respect to 96-97 data)
- higher center-of-mass energy (920 versus 820 GeV)
- improved selection (Breit frame) and tighter cuts (smaller uncertainties).

- 1|:|8 E T T T 1 T T 1 I B T T 1 3 |
'g_ E [ letenergy scale uncertalnty ® ZEUS (prel.)98-00 3 | |
- C _ =2 2 ] -
- NLO (B %sa) — T — U
o E - NLO (2= Q%) E L gy
e C 7 a4 X / 2
o - . vl . p | M=
B 10°E 125 < Q° <5000 GeY® = X ( f.--' } 2 IL } .
o & {x100000) 3 T M Y oe—
= A ‘. ‘:-.:. ij:: I":I l:' ::\:I E _.-""c.r—_i:—-":- y
10° = i - 4 4
== = J F 4 ¥ -,
E 125 < Q° < 250 GeV* 3 P_7 P ¥
C %10000 . o/ -
o /\ o ] (b) (©)
10° E 3
- 260 < Q7 <500 Ge* ]
C {x1000) 1
3 . iy
10° dijets are sensitive to g(x,Q@)
- ¥
- 500 < Q° < 1000 GeV* H
- = 00 at hlgher X
10% &
= /——\ﬂﬂﬂ <Q° < 2000 GeV*
C (x10)
10 i
c 2000 < QF < 5000 GeV*
- x1)
1 1 1 | 1 | | 1 | | 1 I | 1 1 | 1 1 | |
-2 -1.5 -1 -0.5 0
Iogm?;

9 The double-differential distributions are sensitive to the gluon density in the
proton and should thus serve as input to global QCD fits of the PDFs.
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Dijet Cross Section in gammaP

Katja Kruger

New H1 publication: hep-ex/0603014
high E_ jets: small errors (exp. and theo.)

: E > 25GeV
jet energy t,max
ZZ"\/
T 10°L BARRRARRR"
=" E
Et max -EQ- .....
| cos %] s W0 e E
© - 3
Tp 10 E
1E |1...| I p 1 |..’.|....—-
0.1 0.2 0.3 04 0.5 0.6 0.7
Xp
e new measurement of high E; dijet photoproduction in extended Iarge Ty

Tp range direct photon enhanced

e sensitivity to proton parton density functions, especially at large
Lp

— data available for pdf fits
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Inclusive Jet Cross Section in pp

Olga Norniella

Jets cross sections using K (~ 1fbt)
Results |YJet | <2.1

CDF Run II Preliminary

10
E‘Iu :_ K; D=0.7
S +F j 4 Data
b orer 2f orea BEN T e e o
= _4F s corrected to hadron level
1 e — 1 — -E 10" .\.- m% Hp=pp=maxpy /2=y,
r i — = - “‘}_‘_t - -. PDF uncertainties
0s| 05| L, 10 = ™ T
100 300 500 700 100 300 500 700 _’_g_ - H\_ *"""‘-*1 hf‘“ﬁ::;
1/ﬁ| \ 2l 21428 - 102 |- -.\‘ -h"’—m SR P
4 E f— e ——
E b = B g T
3 I 3 a - — - e [T —
(—_—ﬁ- 1 - T 10° |- .f"‘,, *H“-' 0.1<|y™|<0.7 (x 10%)
\_/ : ooy = '\, e = Good agreement
05| 0| 4; N -~ 071 with NLO
100 300 30 700 00 300 50 700 . e -
. . P - L 1y |<e (< 107)
Measurements in the forward region 10"E ey
allow to constrain the gluon distribution o oty ™21 (109
107 |
I||I||||I||I|III|I||I|Il|||ll|ll|l|l||
0 100 200 300 400 500 600 700
pyc' [GeVic] 14

- The K+ algorithm works fine in hadron colliders

not obvious, might collect more “debris”

> We hope these measurements will be used fo further constrain
the PDFs (gluon at high x)

(@] |
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Inclusive Jet Cross Section in pp

Mikko Voutilainen

e 1.2 =—
5 F . .E i D@ Run Il preliminary
= a5l D@ Run Il preliminary =
= 107E 3] -
Q 3 3 |~ Total error e
9\_,1045_ o Iy, l<04(x10) a [ JES
f‘: 10° :_ o o 0.4< ijetl <08 g 2 3; """ JES sta.tistical error
> - e k= Resolution B
-u|_1 0°F E— [ s ID and trigger efficiency
% 10 | L 0.6 © MC vs. ansatz unsmearing :
& f \s=196Tev g |
=] B ~ -1 R
L T 5 [ 04<|y |<08
10>1 i RCOI‘IE =07 E 04¥ jet
: NNLO-NLL QCD @ i ;
10°F CTEQ6.1M & 02
103F Mg =l =Py [ - .
g Hadronisation corrections applied | 0' e ) .
10— v | : : — 100 200 300 400 500 600
50 100 200 300

p. (GeVic) P, (GeV/c)

* (Current Jet Energy Scale was derived for
a subsample (~10%) of the full dataset

— Further improvements are expected with final JES by
summer

— By summer we will also have the full cross section
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Inclusive Jet Cross Section in pp

Michael Miller
RHIC offers polarised pp, energy range comparable to HERA
10_1 ¥__T = T 1 1 T 1 1 T 7 T T T =
| s 10 @ First glimpse:
g""zf . % ol v e @ Significant p; reach (~50 GeV/c)
4. sl L s - ] @ Agreement within large systematics with
E10E . B10 2t = NLO calculations
e 'y g 3 & . .
8 104k - 8107} - @ Afew primary issues under study:
3 F 5 10 & @ Luminosity determination
F10°F - “10720 30 40 s - @ Refined corrections
2. L midpoi - cone Pt e | @ NLO clustering scheme
=10°E o - :
F r=04,02<7<08 _ o Goal:
WO e i o = = @ Bring 2004 (and 2003) analyses to efficient
| PR — closure
10° ._ — STAR M-lnlmum Bias Data = o Brlg ht Future
b G : E @ 2005: first real p+p run 3 pb-' collected
107 il T R = @ 2006: first dedicated p+p run (goal 15 pb-)
e L . | ] with complete EMCal and commissioned jet
2 4E Systematic from jet energy scale E and O':'-jet tfo'Q'E'fS
= oE - k jet algorithm?
E’ 0E B ‘a8 4 o o 0 O o = t
Q
1E E
I e
e p, (et) wc]
expect more from STAR the next years...
DIS 2006, Thomas Kluge, DESY 7




W+Jets Cross Section in pp

Andrea Messina

Testing ground for pQCD in multijet environment
v' The presence of a boson:
» Ensures high Q2 - pQCD W(—ev) +2 2 jet CDF Run Il Preliminary

» Large BR into leptons - easy to detect experimentally b By et Ly
F—e— —o— Z2-—+ee
- - top promotion

v'Study the underlying event in an alternative
topology than inclusive jets

—2— W-—etv

TITTTI

Background Fraction on f (do/dE )dE,
-t
—

v" This is not an EWK measurement: the W is a clean signal
for high Q2 events within which we can examine jet il
kinematics. :
(W—ev)+=znjets CDF Run Il Preliminary i ——1
'%' BN ISR L L L U LU LU L LR L O BRI A 10-2:_ i !
¥ " -1 _ F
% 10 Erie CDF Data de- 320 pb i g
2 ooy Wkin: E}=20[GeV]; s 1.1 3 -
u Jm-“ M = 20[GeVic’]; E; = 30[GeV] - 10° LeverUvry Pevva by e o Uit s ¥ ribrrdredkmedesabg | 19b o
31 et T Jets:  JetClu R=0.4; Inj<2.0 S MmO e e R N A e N
-8 ":-' *,_._4 _ hadron level; no UE correction ; ot Transvetse Ennegy (E:m, [GeV]
107 4%ty e FH —+ LO Alpgen + PYTHIA -
] Totalonormalized toData top quark serves as background here
10 ﬁ - E
' —— .
10‘3 T | |
E I 3
I -
10°¢ =
i v Extend the measurement muons and to 1fb:
10°F 1 ¥ Larger E; range, more sensitive to the tail of the cross section
1 L1 1 1 1 1 1 ‘ Ll 1 1 | 11 I L1 1 | 1 11 I 1 L1 1 ‘ B 1'1' 1' l d f d . b k d bi‘ t.
0 50 100 150 200 250 300 350 errer conirol on data driven backgrouna subiracrion

Jet Transverse Energy [GeV]

MC have been normalized to inclusive data cross section in each jet sample!
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Prompt Photon Cross Section in DIS

Electron (FSR and ISR) Carsten Schmitz

500 3<E,<10 GeV
[ » H1 Data (prel.)

— LO(0®) Sum

5 — LO(®) LL
3°+ ——- LO(a?) QQ
20 i 1
10f T y +

I |

M

> The measured cross sections are well described by a new LO(a®) QED calculation
(Gehrmann et al., hep-ph/0601073 and hep-ph/0604030) — It is the first calculation
for the inclusive prompt photon production in DIS!

do/dn [pb]

» Compared to the previous measurement (ZEUS '04, hep-ex/0402019) the
phasespace is significantly extended (about 10x higher total cross section

expectation). outlook: constrain quark-photon fragmentation function
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Prompt Photon Cross Section in gammaP

Eric Brownson
Prompt photon:
e

e’ q
! v q v Previous analyses used shower-shape variables (e.g. DO, H1, ZEUS)
Now we use preshower detector (e.g. CDF)
p q p g + Particle decay before the preshower detector
v 9 Usethe K. jet finder on both the photon and hadron jet
+ Keeps the hadron and the ‘photon’ jet on equal footing
(a) Direct (b) Resolved + Require isolation for NLO & MC (E;/ / Ep#al) > 0.9
ZEUS
S I L R B R Data
§ 10 g POV PrompOET YRy « Corrected for acceptance to the hadron
o [ T ]
g ; ] level
. T D | HERWIG & PYTHIA:
reach high E B e |
t © e NLowhadr (FoH) e « Do not rise as steeply as data at low E/
o f e e | « Underestimate the measured cross
frop MERWeeS section
6 8 10 12 14 16
5 ¥ T * Improved agreement with the measured
= ny 1 cross section, but deviates at low E;/
(= i
2 : | Lz
I I « Improves description for E; and low n

N

PR ISP RO IR PRI AR
2 0 02 04 06 08 1

0 TN TR R
-06 -04 0

data prefer prediction using unintegrated pdfs (Lipatov, Znotov)
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Prompt Photon Cross Section in pp

Dominant

g

' Compton

H Precision test of pQCD

O Direct information on gluon density
in the proton : gluon involved at LO in
contrast to DIS & DY processes

d Test of soft gluon resummation,
models of gluon radiation,..

d Understanding the QCD production
mechanisms of photons is prerequisite
to searches for new physics.

DD has measured inclusive cross section
of isolated photons in central region
(In|<0.9) and in the widest p;* domain ever
covered (23 < py7 < 300 GeV). Results
from the NLO pQCD agree with the
measurement within uncertainties.

Ashish Kumar

hep-ex/0511045
Accepted by

Phys.Lett. B
> [ _ r
S i L =326 pb D@
<14
- L
s |
812
: 1“ ---- T . ——
: -,

1_ - i ‘ l l " .
Iy L B I' T ___________________
T T

0.8 - l T
0.6 ™ ratio of data to theory (JETPHOX)
i CTEQ6.1M PDF uncertainty
Lo scale depender)ce ‘
0.4 B (uR=uF=uf=0.5p-Vr and 2p4)
I\\\‘\\II|IIII|IIII‘\III|IIII
0 50 100 150 200 250 300

Pt (GeV)

use high E, data in future global pdf fits!
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Event Shape Variables in e'e’

Marek Tasevsky

event shapes similar to jets but no Thrust
minimum E_ required N
. < OPAL
-> soft gluons important s ¥ |15 - Arl\ 3 amevian
(lower scales also hadronisation) e ( AT ) o e

Thrust axis ny chosen to

LEP experiments measured lots of them
maximise the expression

ThrUSt minor 1-T=0: 2-jet event W) WPRT DUTIL DTS SEPE DR ‘
L £y A
T . — 2ilpi-nr | 5 OPAL ] 1-T=1/2: spherical event Sl cdiniia ya s o 6 i e fon i g N
min T TUE e .
0 4 0 0.05 0.1 0.15 0.2 0.25 (_1:["').3
ﬁTmin: ﬂT X ﬁTmaj i
1E . "
3-jet observ.: well described by event generators
Tn =0t 2-jet event 1 ' — pyrEA
Tnn =0: 3-jet event | J—
T.in =1/2: spherical event W1 PESTRTUSE PRETE FERTR IS CE0 1% P
E 197 GeV ]
Tof ] ]
- 4-jet observable et ik ek s a3 < 4-jet observ.: problems at lower scale
S5y G

12
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Event Shape Variables in e'e’

Thorsten Wengler

fit a_to event shapes where theory is reliable 0.2 e .
g | |
91 GeV OPAL 197 GeV |
L6 ‘5"'"'e““"ﬁ_ELﬁ»"z"""?“’ = 0.18 - ’LEP ]
|- e : 1 o L :
Ti4p 1 f4r . i 1
w2l 1 w12} l iy i = JADE
1 _Ht;__é»-- *** T R o] 1 _\‘y‘b"i‘i""}"f"’*”’”” e 0.16 j ]
[P e P =
08F 1 o08fF } .
_ 060 3 ij 5 0.14 |- a from inclusive observ.
Fit 0o lol.l‘ - ‘0‘.2‘ s 0 '011' - ‘0.‘2‘ o3 7 (LS, R, R,...) @ NNLO
Range =t i -
N5 W) R B IR I ) L B B A 0.12 |-
x é S T E f R |
gAF L : ] r . P ! ek L
wizp L@ 1 ’
1F l:f;¢gzt:i{iiaiij;ﬁijﬁiiijj:_ 1r g}#@i:;::i_’:;::izi:: = 0L == 0g(M,)=0.121020.0022 ]
0.8;%-1' ?n; 0.8:’ (; el b b b Lo b Lo 1
ok || R R ] 0 25 50 75 100 125 150 175 200
0.4;. . .E| L . . .—— 0.4;. . lgl Ca | [ ‘ ‘—— \/S[GeV]
0 0.2 04 0.6 0 0.2 0.4 0.6
My My
Thrust and heavy jet mass results compatible to fit to incl. observables

LEP combined a (m,): 0.1201+0.0053 (uncertainty dominated by theory)
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Event Shape Variables in DIS

Jacek Turnau

again event shapes, but now emphasis on PT-NP interplay

o - . s 1 ¢ 5 i
Power corrections: part of ambitious program to d.escrlbe.hadromc fmal a, = — Idka (k) p, =2GeV
states in terms of Feynmann diagrams parametrizing confinement with one e T

universal constant

Power corrections provide much cleaner connection between parton and
hadron levels

5 .- hep-ex/0512014, accepted by Eur. Phys. J.
=107
'81 08 @ H1 Data S 0.60 NLO(o2)+NLL+PC Fits
o 8 - to DISTRIBUTIONS
—~ ® <Q-=15 GeV (x20°) i stat. and exp. syst. ermors
h = ] (I"i.j : B
1 04_ ® <Q>=18 GeV s 3_ 0.55_ 'rir"-,.
B <Q>=24 GeV (X2 50 - [I‘.I-
2_ <Q>=37 GeV (X&) i \ 4
Lt A <Q>=58Gev (x2) 0.501- T
A <Q--81Gev (X2 i "
15 <Q>=116 GeV  (¥20) 0 45-_
- —— NLO(0d)+NLL+PC iitted) [
1072 ---- NLO(02)+NLL+PC (extrapolated) - H 1
p D.40”-'I | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 |
0.110 0.115 0.120 0.125 0.130
10 (m.)
0.0 0.5 1.1 , , , =
T consistent fits for five event shapes

(exp. errors only)
support for power corrections

DIS 2006, Thomas Kluge, DESY 14
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Event Shape Variables in DIS

Alexandre Savin

ZEUS did similar analysis to H1
slightly different binning and

: : ZEUS
data correction techniques St S
; ; - L Mmod 1M B _
-> data points compatible zEus  Nep-ex/0604032  wposy Meed L e O _
0.8 T T T o6 y T T 05 Nih “%ﬁ- 1T, T ‘48, {i:“‘: LTy A
o : w1 Ty i * ZEUS (822 pi") I 5 S ISR
eXoua < I —1 Stand. Dev. N SNy
o5 AT AN ] i® ZEUS (82.2 pb")|
03r -’ -+ 1 Stand. Dev. -
‘ . i
0.6- M2mod 1 M2 e B i
04 r- - L, 2
BN Rl AT
d 0.4- lT}Q?‘% 5B, ——LT“;S%}_’. .
C“::f‘s\\\ é.-‘
03- - T 1
0.2 t t t } FRLY L I
o1 05 logRmod 1 logR L
M . }—T-, M :,. !
g l:ﬁs‘ ‘\%i\%‘ B7 - '?‘ ~ --\‘ 1-T'{
Consistent with being independent of the Q range AR N i?‘iz@ .
Extracted parameters TS e
+ Extracted o  values are 03- | | T . | |
consistent with each other of o1z o1 oM otz (oﬁi)
and H1 s
. . o * Power-correction method provides a reasonable
Major theoretical uncertainties description of the data for all event-shape variables
. Fit range ; with o, 0.4-0.5 for most of the variables.
« Theoretical parameters: » The lack of consistency in the (ag,0,) extraction
renormalization scale, suggests the importance of high-order processes
logarithmic rescale factor, that are not yet included in the model
power factor in modification
term etc
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Forward Jet Cross Section in low x DIS
Christiane Risler
e test QCD at small x
ji parton dynamics beyond DGLAP?

XBj X gj (small) Select phase space for evolution in x
BFKL
. xbj << xjet
evolution
from large
suppress phase space for
to small x 7= ]
evolution in Q2 DGLAP
p 2 QZ
forward jet twd jet
_ Ejer
Xier K (large)
p—o H1 forward jet data H1 forward jet data H1 forward jet data
) H1 ) ¢ H1 )
o)
£ 1000 E. scale uncert £ 1000 E. scale uncert. S 1000 msll
= —— CASCADE set-1 = ] RG-DIR = % E scale uncert
£ ---- CASCADE set-2 x ---- RG-DIR+RES N — NLO DISENT 145
T ——CDM HAD
B \b by E 0.5, (<p, (<21, ¢
o] 3 _g PDF uncert.
500 |- 500 |- I-!-: | === LO DISENT
o 500 1+8y,p
| — L
:lL':li = ’ = ’
| | ’—.7 0 | | 0 e et LI T T T T
0.001 0.002 0.003 0.004 0.001 0.002 0.003 0.004 0.001 0.002 0.003 0.004
Xg: ) X, .
B B
CASCADE : RAPGAP ‘ o

best desription of data by RAPGAP-DIR+RES and CDM
while CASCADE, RG-DIR fall

NLO(OLSZ) dijet only good description at large X, OF large Q,, large pt2
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3-Jet Cross Section in low x DIS

=) Christoph Werner

e+ —350 L L B L B
-g_ Parton Level
. ;«?’00 " H1 preliminary
= . o ‘
Q* = vy I
= _ . o
T @) 2 Jets emerging
Xsj | > from the hard
= 1) scattering process -
%@jﬁmm "1 =5 Data 99/00
= BUTT Xisr Kiing N IR
i s Jets initiated s0| B2 O(0.,3) |
2 ) by radiated = 00 ?)
DTS ‘ ol o S
%ﬂfﬁﬁf ) ghl()IlS -1 -05 0 05 1 15 2 T]2.5
c X 3
gﬁmmm ki
? = T T
. ﬁ_(q—% g wof 0.
,, > ~, 140} il
3-jets at low x: expect 1 (fwd) jet from the gluon ladder E- 120 _!_r -
ol 7 N
S |
- 1 -, N i ) . ) - 1 o N . o 80 E
e only MC Generator with unordered radiation of AV L*‘1I
- . . . 60 [ . A ;
oluons describes data satisfactory | = Data99/00 |
: 0 7i ~ CDM ]
: gl
+rano hinte for radiation of oliione ninordered it 2 " RGd+r -
e strong hints for radiation of gluons unordered in p | H1 preliminary
0 | L | L

-3 =2 -1 0 1 2 3

how well would DGLAP NNLO perform? 11
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Dijet Azimuthal Decorrelation in low x DIS

2

iQ
LARRR]

X

L rvtg
P
SN
2
/

Magnus Hansson

the dijets get a kick from a third jet/intrinsic gluon kK,

and in bins of xp;

—_ L L L B B
g 8x10° < xg; < 3><10'4_F
£ 10°:= e H1 data (prel.) { =
c - P B ]
£ - R D
*e - apgap !r -
% | — Rapgap Dir+Res —— i
5 10 5 Lepto (CDM) —o— E
- C 3
3 . . .
u -

1= E

20 .
8 N
1] E =!
Q- ¢ . . EFE
O C L4 ¢ hd R
= . e -|-=| ---------- 1

0p 20 40 60 80 100 120 140 160 180
A¢* (deg.)

d’oldx,dA¢* (nbldeg.)

NLO/Data

107

— NLO 3-jet
<% NLO 2-jet

8x107° < xg; < 3x10°
H1 data (prel.)

e

.
v

oF

5160 180
A¢* (deg.)

dzcldejqub* (nbideg.)

|

MC/Data

—
TT T T

ok

e Azimuthal decorrelations in dijet events measured in bins of Q”

6x10% < xg; <107

g

{

{_

0 20 40 60 80 100 120 140 160 180
Ad* (deg.)

Rapgap Dir, Rapgap Dir+Res and Lepto(CDM) fail to describe the data

Data show sensitivity to the unintegrated gluon density,

they prefer J2003 compared to AQ

DIS 2006, Thomas Kluge, DESY
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Fragmentation Functions in DIS

Daniel Traynor

hardness of charged patrticle in Breit frame: scaling violations

2P
__(2p)
Q0
1 H1
D(xp):N dn/dx, 0<x,<0.02 0.2<x <03 0.7 <x,<1.0
event ég 200F @ H1 Preliminary *l ﬁn ’ b 4 %‘:QO.OB
= | === HERWIG (Clust H e apeee’ AN K SELLLET P
s 150F .. RAPGAP ((Stl:iig)r) .". E ¢ *rwy ® S 0.06 .§‘§'Q-.
Xp = scaled momentum variable £ ¢ s 3f Z éo-.. .,
P = 100f A = L
.e“ Al 0.04 *
Q = Scale in current region Sof .o 0.02 k *
. .‘ o .
of Breit Frame - a To 107 d
10 10? Q.E* (GeV) 10 5 (Gev;o
ph = momentum of charged track Q(GeV)
in current region of Breit Frame [4 Presented new results on the D(xp)
distribution in current region of Breit
frame in DIS ep interactions.
[A DIS and e*e results in agreement at high
Q (this analysis).
[A String hadronisation better than cluster
@ nreasing A Monte Carlo tuned from LEP data can
successfully describes ep data over large
region of Q.
A Comparison with full NLO predictions
(CYCLOPS program).
0 1
X . . . g
P constrain fragmentation functions: difficult...
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Particle Multiplicities in pp

Andrey Korytov

Charged particle multiplicities in gluon and quark jets:

+ measured multiplicities in di-jet and y-jet events
can be resolved for multiplicities in quark and gluon jets

+ Results agree with NNLLA g
— ratio r = 1.64 + 0.17 2 Y, e
at Q~20 GeV $ . I
B z o e
* Most recent LEP result (OPAL) % z
— ratior =1.51 £ 0.04 S O CDF,E,=41GeV
at Q~90 GeV B o R S
J By vty

10 ' o 100
Q= Ejet ) gcone
Multiplicity of charged particles in jets:
Particle multiplicity is proportional to that of partons: Ny ,4.0ns = Kipup Npartons
K prp=0.5620.10 for the entire range M;=80-600 GeVic?2
Ratio of multiplicities in gluon and quark jets r pyp=1.6%0.2 is consistent with pQCD
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Subjet Distributions in DIS

Thomas Schorner-Sadenius

0? ¢ Exactly two subjets resolved in a jet
) — i ‘ aty., = 0.05 (small hadronisation

o & e @/ -corections).

@ . K . K .. @ '.
oy ""ZIC'U'S"' Increasingy:t
E‘m 3 L = ZEUS (prel.) 98-00 Ej:,l:>14 GeV _'
% - — ginduced | o5
% — g-induced Q2>125 Ge\’l:
2 (NLO) v,.=005 1 Y Slightly different shapes of quark- and gluon-induced contributions to the

2T | NLO cross section.

- *

9 Data better described by quark-induced contribution which in the phase-
space considered amounts to 82%.

0 0005 05 04 05 06 ar ek ag 1 T ZEUS subjet distributions
EVE, — allow study of QCD radiation pattern within jets in perturbative regime
— are nicely described by NLO QCD calculations with up to three partons in
one jet
- are dominated by quark-induced contributions for the phase-space region
in question (and provide discrimination power between gluon- und quark-

induced contributions).
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Rapidity Gaps between Jets in gammaP

Pat Ryan

« Study the nature of the Pomeron
« Observe Color-Singlet exchange

« Hard Scale allows application of pQCD to diffractive process
Rapidity Gap Between Jets 2 Sources of Rapidity Gaps between Jets

« Color-singlet Exchange

» Lack of color radiation produces gap
’ ’ + Example: Pomeron
e(k) /{(k) + Color-Non-Singet Exchange
> * Fluctuations in particle multiplicity produces gap

« Non-diffractive

() ngntggnt multiple interactions
dyp
1 Radidit 5 2 L o *ZEUS (prel) 199697
Hard Scale 1 apidity Q = | ol HERWIG + BFKL X 1.45
Large < JP(t)r1 cap 53 o I e
1 l g 5 1
95 3 3.5 A ﬁ
- Proton g A ES* < 1.0 GeV
P(o) Remnant O & F—
(P) 5 3 o2
« Conclusions s 0
- Data demonstrate evidence of ~3% Color-Singlet 25
contribution estimated at the cross section level for gc,) T oibm
entire phase space C F oo —
« Corresponds to ~1-2% Color-Singlet in resolved region ;T' 3_‘82: -------------- i — * -----------
- Data consistent with published ZEUS and H1 results = 0-0§: o S
« PYTHIA and HERWIG describe data well after the 2 & 3 35 AN

Color-Singlet contribution is added
compare to Tevatron data...
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3-Jets in gammaP

Tim Nasoo

7.5x more data for 3-jets, 4-jets first measurement

— T T T ‘ T T T ‘ T T T ‘ ‘ T T ]
= .
5 | Three-jets (M31.225 GeV) |
. . . . . 2 | . ZEUS (prel.) 121 pb™ i
® Three- & four-jet states in PHP measured differentially with 121 pb—1! = HERWIG+MPI (xL.5)
=S 10— HERWIG (x1.8) -
.-g -------------- PYTHIA+MPI (<4.0)
, [ e PYTHIA (xd.0) 7
e(k) e(k’) S T | HERWIG (<1.8 - direct) |
Y _ B i
q 66660 5- RE
Y remnant — t |
1 > MPI —
1 MPI( ) Y | cnergy R o 2
S L : _____. ---------
:amaamam g Proton remnant " I e mm
S I L [ ml
ﬁmmmma‘ g 6-6‘66 e i N R \J L
/é\ Proton schematic 0 0.2 04 06 08 Xoml
of a MPI v
Proton Proton remnant
2 [ T T T ‘ T T T | i
5 | Three-jets (M31225 GeV) |
%‘ r D ZEUS (prel.) 121 pb™
B 15— HERWIG+MPI (<1.8) -
= R HERWIG (x1.8)
. . . | mmmmermmmee PYTHIA+MPI (>4.0) |
e LO ME+PS MCs do not describe the data well - require an additional component. [ PYTHIA (4.0) |
N [ HERWIG (x1.8 - direct) o ]
. 10— -------- —
® MPIs can account for this correctly (HERWIG)... BUT... i reeeed 1

o ..MPIs tuned to general (albeit less sensitive) collider data fail dramatically (PYTHIA). - .

e the introduction of MPIs in both HERWIG & PYTHIA disrupts the description of do /dy.

use this data to tune multiple parton interactions! - _
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Pentaquarks in gammalD,

Norihito Muramatsu

Overview of ®* status

searched mass width statistical LEPS LD2 data (preliminary)
mode [MeV/c2] [MeV/c?] significance 7 2
LEPS(C) yC — K*KX 1540+10 <25 4 6o 1.50< M(pK )<1 .54 GeV/c

DIANA K*Xe - K% X 153942 <9 44c Belle ? i 0 + [ Entries 3117
L AL 4L 4

+ . CLAS(d) s 1
. O 465 4 CLAS(p) 7
vA - K %X 153345 <20 6.7c |
vp— TKK*(n)  1555+10 <26 7.8 I
HERMES e*d — K %X 152843 1349 ~5c 80 |-
e'p > e’KLpX 152243 8+4 ~56 —
g pp > KpZt 15305 <18 4-65 - 1.6 GeV bump

SVD(2004) pA—KpX 152644 <24 5.6 i
SVID(2005) pA—K%pX 152314 <14 8.0c independent sample °° |
KEKE522 mp—KX 1531£3 <10 ~2.5¢c P_=1.92 GeV/c only |
Ney results will appear from LEPS(d), DIANA, COSY, ... |

Negative results in high energy experiments. (BES, BaBar, Belle, LEP, 0 - C
HERA-B, SPHINX, HyperCP, CDF, FOCUS, PHENIX) |
vd—>0*Kp <450 pb, but acceptance coverage is 2 L
different from LEPS (forward region). . ®* is not killed. |

0 I A BRI I B \rwﬁrh’—ﬁr_j:iﬁ—\mr)\fﬁiﬁ
1.4 1.45 1.5 1.55 1.6 1.65 1.7 1.75 1.8

Y 9’
! 2
% / N issing mass " MMd(y,pK) GeVic

mass ~1.53 GeV/c?
s/sqrt[s+b] ~ 40

p K
n A (1520)

p

plans to extend LEPS detector acceptance (overlap with CLAS)
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Pentaquarks in DIS

Dmitri Ozerov

« H1 performed a search in DIS for a narrow resonance decaying to K. p/K'p
* No significant signal observed in the Q* region between 5 and 100 GeV?

%2°°f 180 - :

= 1801 160 2301

10 160 | - —

140} ::g' 200

2120/, ; :

51007‘ 123: 150/
80 sl 100/
o — bgr fit , — bgr fit i — bgr fit
40 0 50/
20 5< Q%< 10 GeV? 200 10<Q?< 20 GeV? - 20<Q<100 GeV?

— 0,"“‘ Ojl\\\l i oilu.\‘.‘s‘.‘.\.“:..‘.uw

| 8ot 80 - 80}

= 60| /‘-/\\/J\/\ 60} 60|

T a0} ‘40| /\/\f/\/\/‘ Y400
Xre5%CL . 20959 C.L. o . 20959 C.L. o
014515155161651717518 014515155161651717518 014515155161651717518

M(KZp(p)) [GeV] M(KZp(p)) [GeV] M(KZp(p)) [GeV]

(interpolated to ZEUS ZEUS : preliminary result (DIS 2005)
y_region): Q2 > 20.0 GEVZ, 0.04 <y <0.95

glep—edX —eK’ pX)=125+27(stat) ) (syst) pb

o(M=1.52)<100 ph(95C.L.)

* With similar selection and phase space as in the ZEUS analysis:
no significant signal observed
H1 does not support the ZEUS evidence,
as expressed in their preliminary cross section

H1 limit does not contradict ZEUS evidence

DIS 2006, Thomas Kluge, DESY 25



Strange Baryon Cross Sections in DIS

4 Assumption - 'Y Assumption L
A T . 4 -

K

v
1 ©'(1540

-0
- =K

spec pSpeC

Siguang Wang

Assumption: Same production mechanism for A(1520) and ©F
@ HERMES: evidence ©+ seen, ©* not (Numbers: 59 + 16/3 + 6)
@ Also saw A(1520), how about the A(1520)? OR(1520) =7 OA(1520) =’

A(1520) and A(1520) Spectra

— ) M_—1521.3MeV{fixed|
>140011,=1521.3 + 0.8(stay) + 0.5(syst) MeV L Mz -3MeVffixed) —
g _rcbr.rec{ed.ro.rac::emanceja edapK'X gsuo_(carrecredmracceprance)+ l ed_)qu-x
T [retertaamev ) T [ Gy-re.7MeV(ixed) l 4 | lll |
01200, -2337+316(stat) . ;E, | Ny=358+104(stat) |
= 1
] L \ @ I
a r 5400
1000—
800 300 =y
- - i \,?i\
- Iy s
= - |I| ‘.ﬁq
600 i @\‘p
200_— *.I \SQ)
- I
400 i '
B * +
L 100
200 ° -
: L] i L]
_\||\\||||||||\|||\|||||||||| N R NN RN N
1.4 1.45 15 1.55 1.6 1.65 1.7 1.4 1.45 15 1.55 1.6 1.65 1.7

M(pK') [GeV]

Base on the assumption of same production mechanism for A(1520) and

Né-l— _ NF‘ _ -
Ny = My Ng+ estimated as

©7, and also assumption of

Q Nz = ﬁ—iN@ ~ 10 + 4 should be seen
@ Ng. =3 £ 6 has been seen

M(pK*) [GeV]
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(Anti)Proton-Deuteron Cross Sections in DIS

Light nuclei production is interesting topics in heavy ion collisions Takahiro Matsumoto

However, still few measurements in elementary collision
Some results on antideuteron
— ARGUS (e*e- =vy*=>qq); < 1.7 x 10 anti-d/evt

— OPAL (ete- > Z20); < 0.8 x 10 anti-d/evt

— ALEPH (ete > 29); 0.6 x 10 anti-d/evt; hep-ex/0604023 New!
- ARGUS (e*e- 2Y(1S,2S)); 6x10- anti-d/evt, d/p ~ 3x10-4 (19 anti-d’s)
— H1 (Photoproduction) ; d/p ~ 5x10-4 (45 anti-d’s)

Different production mechanism among processes?
- We searched for heavy stable-particles in NC DIS (first results)

Possible relations between antideuteron and pentaquarks
are recently discussed

— Both are multi-quark states, formed with coalescence model,
hard to observe in e*e process

ZEUS

Ig 10 EI I 1 I I 1 | 1 T I T 1 1 1 | I | I I | I T 1 | I 1 I | | I I | 1 T I | 1 1 !E a 2 _| ' ' y I ' y y I I — | I | | ——— I . | | | I | | | I I — |_
Io - « ZEUS (_Prel.), DIS 3 & - e ZEUS (prel), DIS N
= — 120 pb - 8 15 = -1 —
0 B H 1 s - 120 pb -
@ o mLp & S =
10° = f = [ SRR S ———  ZESREEEERREERERRE ¥ ----- -

E t {f {{ i = 0.5 —

L1 1 1 11 1 1 L1 11 1 1 1 1 L 1 1 1 L1 1 1 L1 1 1 L1 11 :l 1 1 1 I 1 1 1 1 I L1 1 1 l 1 1 1 1 l L1 1 1 I 11 1 1 I 11 1 1 I L1 1 l:

10 o' LR 4505 o83 R Y %3 04 045 5 055 6 065 0.7
Py/M p/M

first time measurement of anti deuterons in DIS; no proton-antiproton asymmetry
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Two Photon Production in e'e

Alex Kuzmin

e B-factories are a unique source of new particles. 5 (2080)

e Many new states were discovered (many unexpected). DYDY X(3940) =_(2980)
nQ2s)  X(3872) Y(3940) 1., Z,(3077)?

>
Z(3930) two photon production 202 2003 2004 2005 2006 2007

L =~ 395 fb—' , PRL 96, 082003 (2006)

e un-tagged vy — DD events
e D° — K_7r+, K_7T+7TO, K3, Dt - K—ntxt
e P, (DD) < 0.05GeV/c

oo

2 N = e M(DD) : 3.91 — 3.95
64 + 18(5.30) gc
M = 0, J=2:
20 i > 2
3929 + 5 &+ 2Me[V L x</N =1.9/9
r = 12 J=o0:

20 4+ 10 + 2MeV x2/N = 23.4/9

Events/18 MeV/c?

M H
M(DD)(GeV/c)
' (Z)Br(Z — DD) = 0.18 £ 0.05 £ 0.03 keV

The observed state is x/,

3.7 3.8 39
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Summary

H new data rolling in:

= (allows for) larger phase space, higher E

(and often also) reduced systematics

(study rarer processes e.g.) prompt photons, high jet multiplicities

(all this leads to) improved precision for pdfs, a_

= (and even better:) HERA |l, Tevatron Run Il still to be fully exploited

B towards improved understanding of QCD
= parton dynamics beyond DGLAP
= confinement: hadronisation/fragmentation

= process universality e’e’,ep,gammap,pp

B strong contribution of Hadronic Final States to many aspects of standard model

m plea to theorists: NNLO and/or robust estimate on higher order uncertainty needed
in many analyses!

Thanks to all the speakers of the HFS session and to the organisers!
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