Summary of the HFS Working
Group

. : Pavel Nadolsk
This talk: Part I: Experimental Aspects Y y

laudia Gl
(Partll: Theory aspects — Pavel Nadolsky) Claudia Glasman

Steve Maxfield

~40 talks covering wide range of Hadronic Final State physics
Obviously impossible to do justice to them all

Will try to provide snap-shot of the various analyses
Apologies in advance for leaving out ‘favourite’ results

Please look at the wealth of detail in the full presentations
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Puzzling Pentaquarks

o New studies from H1, ZEUS,
HERMES, BABAR and CLAS.

Strange and Charm pentaquark at
HERA

HERMES 6%, 6** and =~
BABAR 07, 6+, == and =0
CLAS 6*

—
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...but is there really a
contradiction?

H1 %

ZEUS v

N/5 MeV
g
RRRRRARNLERY

ZEU

Physies Letters B 591 (2004) 7-22

Strange Pentaquark H1 and ZEUS

Observation of ©*

e Kinematics range

Q0 >20GeV?
P (®7)>0.5GeV.In @) k1.5

e A signal with ~4 .6 o statistical
significance was observed at

M=15215= I.S(Stat)_l T(Sysr)MeV .

+2.8

e Gaussian width 6.1£1.5 MeV

(experimental resolution ~2 MeV)

5< @ <10 GeV?

80

60 - H1 data
0 —bgr fit
20
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Combinations/0.005 GeV
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Both experiments have taken a closer look...

ZEUS Zhenhai Ren Goal of new ZEUS studies

e Published already ¢ LF’DK a various
o Non-observation of Z-in = kinematics regions
o Observation of ©* — KI.P ' o Understand the
© o(ep—eO+X):125 +27(';mr)+36(ﬂw)pb production mechanism?
e check statistical
ZE,”S, | - sensitivity to established

200 ¢

¥?/ndf=59/46
peak— 1517.4 = 1.8 MeV
width= 7.7+ 1.5 MeV

oventa=165 - 42 a) o ©*May favor proton-remnant fragmentation origin

Kem o _ states
180 F =

e ZEUS (prel.) 956-00
— Fit
. Background

Il
1.45

15 155 16 165 17 ® Production rate is higher at forward region than rear region

140 :_Kg (p+p), n-2b<0

- Q20 Gev? ++ + + +
T v

w2/ ndf =65 /50 I
pmk: 1521 5 MeV (fixed)

widih= 6.1 MeV (lixed) 4/‘/6/—

events=22 + 23

+ _ ® Production rate is higher for particle than for anti-particle
W + however the statistics is too small to make strong conclusion

15 1.55 1.6 1.65 1.7

M (GeV)
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H1: extraction of upper limit for 6* cross section

Christiane Risler

Comparison with ZEUS:

low-momentum dE/dx selection  F1eof . int. wifidow == 10 Mev

) = qqpf. - int. window == 16 MeV H1 prel.
20<Q?<100 GeV/? i
01<y<06 € ook AL ;
é ani_
2 B0
M=1.92 GeV sy~ 100 pb * ¢ aof j
20f 95%CL. 20<Q°<100 GeV’
‘E-I-_EI 1 1!5| I 1-|55| L1 I1!EI [ |1-||55| L1 |1.?
MK p(R)[GeV]

ZEUS observation:
Q2>20 GeV2, 0.04 <y <0.95, pt>0.5, In|<1.5

c(ep->e +X->eK0pX)=125 + 27(stat) +36 -28 (syst.) pb (prel.)

cU.L. ~ 100 pb not in contradiction with ZEUS measured cross section

* at M=1.522 GeV assuming a resolution of 5 (8) MeV
cuL =89.6(116.3) pb
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Charm Pentaguark at HERA
Karin Daum /Yehuda Eisenbur
o0 °

DIS: 1 GeV2 « Q2 < 100 6eV2  Photoproduction: Q? < 1 GeV?

H1
* D' p+Dp

— Eignal + bg. it
S . only fit

%
=
3
o
g
5

Entries per 10 MeV
8 &

o]
4]

[=1

i | i i i
34 36 )
M(D"p) [ GeV ] M (D°p) [ GeV |

Confirmed by independent

k I ti babili
BGC round fluctuation probability photoproduction sample

0-8 (Poisson) = 5.4 c (Gauss)

p(3100)/D*) = 1.59+0.33% 552 %

H1 Preliminary: —

...but negative results (in different processes) from ALEPH, FOCUS,
CDF, BELLE

...and ZEUS same process
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ZEUS have performed a careful evaluation of upper limits...

M(D*p) = M(Krmp) — M(Knr,) + M(D*")pp Yehuda Eisenberg
1] T — a T e et —
DY — K= DY = K atatn 7EUS
L E =00 __(EII) le*—>{+<|:m5 —_—(t::) . LI.IS 9543'{1 B
MC normalised to 6 /D" = 1% :;_? A _ E“FE{TTTT i
= E 30{] | B OT INETRolEtnosn i
E 200 —
E 100 N
] - | L
0 HH
95% C.L. upper limit on R(6,—~D"p/D") in D 80 |-(c)
window e el
R<0.23% (0.35% for DIS) ol
0.37%(0.51%) acceptance corrected 20 LA
D_.I...I..I. | Loy v ey

3 32 34 36 3 32 34 36
M(D'P) = AM™* + M(D™)ops (GEV)
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o(D*p(3100))/o(D*) for D* o

Kinematic region: 1<Q?<100 GeV? & 0.05<y,<0.7

—
1

o (D*p(3100)) / o(D

0.08

=
=
&

e
=
B

« H1 Prel

)
= =
=] =
& @

o (D*p(3100)) / (D*

(-]

« H1 Prel

05 1
1(D%)
« H1 Prel

D*s from D*p(3100) decay are significantly softer
than normal D*s

D*p(3100) production in central n,, suppressed
D*p(3100) produced close to the photon direction

] ] 10

p, (D) [GeV]

H 1 More detailed look taken....

(D*p(3100))/5(D*)

bservables

o (D*p (3100)) / o(D*

L

=
=
&
o

bl
=
B

Statistical errors only

« H1 Prel

zy--cut replaced

erv X(07p)-cut

< Example

D*p(3100) fragmentation is hard

cept fermﬁband n

DIS 2005 Stephen Maxfield Liverpool

vs Event kinematics, D" and Dp
variables
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HERMES pentaquark searches Avetik Airapetian

= 70 rNi=1528 £ Z.6(stat) MeV
. . L =8 + 2(stat) MeV
» 67 — pK2  Previously published result: 2 |7
:éso
2 40
Check 6* for %
*Kinematic reflections, detector acceptance cuts. Is it a ™ 20
Still there with additional ©t? 1
O =145 15 155 16 165 17
: ") M('Tp) [GeV]
®" Isospin
=200 | M,-15227+1 2stat) MeV ® Well established
2 A(1520) — pK- i
5:00 with acceptance:1.5% Conclusions
2% a(A(1520)) = 62 £11(star)nb ® Direct reconstruction of (®*invariant mass
o ® No peak structure for ® Confirmation of ®" (results carefully checked)
300 @H—)pKJr . ron, + . o
200 e counte st aloncll ® No peak in @ — pK :probably isoscalar
100 ® Third = improves sighal > :production mechanism?
0

1.45 1.5 1.55 1.6 1.65 1.7 o ®+ not |Sotensor
M(EK), M(pK")  [GeV] probably isoscalar

® = is not seen = G_—- < 21nb(90%CL)
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Searches for Pentaquarks at BaBar Eric Eckhart

Inclusive searches for 6*(in e*e- and electro-production), =-, =9

E

x-y location of pKs > < uapor e i} Rl S
F E 00 J..t _:
vertices = electro-, ) ; & s ; =
hadro-production of £ st ‘ E
off detector material % £ E
i ] 3000f- =
ag ;:;: : : 1[!005— '- ;ﬂ'ﬁwﬂwﬁ'uomwm“‘-:f
qe THA S S " Ks'ildebands ;
X /em VR = v
M(K.p) (GeV/c?)
Electro-production 8 B ol o3 2 — =
P 5 = 2[)0-:]_-[(5 ‘Slgnal #”h"hm " {m,w i~
Only ﬁ HS{KJ:— * +h|l' iil
S Lk o
;5:; 1200 ! 3
D 1000f- ; =
oot ikt ™ Norenhancement E
(i} - = =
product e ; 400 T e ...:E
K »E - Kgsidebands :
X/em ?.4 S 'l,:lts l Ig . ]1:5

M{KH p) /G eVic
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Candidates / (8 MeVic

Conclusions:

11

= No enhancement near
1540 GeV/c?;

", 1 = Clear A;* —pK;signal

with 98,000 candidates;

—wo 1w Mass resolution (HWHM)
is 2 MeV/c? at 1540
MeV/c2.

There is copious production A%, =, =0, (),
=% AT baryons at BaBar;

There is no evidence for ©(1540)* — pK_ in
e*e" interactions, or electro- or hadro-
production in the detector material;

There is no evidence for =;(1860)~ or
=:(1860)° states;

Limits on ©(1540)* and =5(1860)~ production
are well below baryons of similar mass;

There is no evidence for @+ — pK*in BY
— ppK*. 24
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New results from CLAS

Marco Battaglieri
vwp > 0K’

proton

E,~ 1.6-3.8 GeV
data taking completed in 2004

» Run in May-July 2004, with a total of 7-10° triggers recorded

(Luminosity ~70 pb-1)

Ezom =
-
1750
- ! + +
£1500 WII"M;#M 0 —nk
— 1 — - P
51250 a *il* ﬂlllﬁlibu K'— K, —>nan
i § Wy
1000 [} iy <4
I“' U
750 |- f ﬂw 35
: L Iﬂ‘g 3 3k
500 | T, =
! Mﬁ.m E’z's 1
250 | ¢+ o
. ©7(1540) ? o 20 _
| ) S L P N N R R 150 /
14 15 16 17 18 19 2 21 22 ' A
M(nK")(GeV) 1F T
0.5 [
To come: 0°7530 1530 1540 1550 1560 1570 1580 1590 1600

*More channels

*Higher energy run

12

M(@") (MeV)
Upper limit (95% CL)

DIS 2005 Stephen Maxfield Liverpool

SAPHIR

O, ,e+xt ~ 300 nb

reanalysis 50 nb
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Conclusions on Pentaquark
results:

This slide deliberately left blank
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Perturbative QCD and Jets

—
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Precision Measurements of og Claudia Glasman

*Review of OLg determinations from H1 and ZEUS experiments.

*Evaluation of HERA averages of 0.g(M) and scale dependence of OLg.

| Process | Coll. | Value | Stat. | Experim. | Theory | Total | - .
. +0.0024 +0.0057 [[ +0.0065 " ma  Jetshapes in NC DIS "
Dijet NC DIS ZEUS | 0.1166 | 0.0019 | 0033 | Z0.0044 | —00058 | meert. ZEUS (Nucl Phys B 700 (2004) 3)
F0.0023 | F0.0028 [ F0.0040 e Multijets in NC DIS .
e D B tei  Incluzive jet eross sections in
Inc. Jet NC DIS H1 [01186 | — | Fp-oust | To-005L | +o0u8e o ZEUS (Phys Leit B 56020097
R .
. . * ur ¥E Jour
3/2 Jet NC DIS ZEUS | 0.1179 | 0.0013 _888%8 _8'88‘32 _8'8863 el Subjet multipheity in NC IS
3/2 Jet NC DIS H1 [ 01175 0.0017 | T00020 | To00eg | To o0se s
. . . . I
F F0.0024 | F0.0093 | F0.0097 H1 (Eur Phys J C 21 (2001) 33)
Jet Shape NC DIS | ZEUS | 0.1176 | 0.0009 —0.0026 | ~0.0072 | “0.0077 H ZEDs (her Rev D 67 (2003) 012007)
. +0. +0. o [ +0, i A
SUbjet CC DIS ZEUS | 0.1202 | 0.0052 —0.0019 —0.0053 || —0.0077 = Iﬁlf]{l;_:a;;e EE‘:?E ieﬂtlg'l"?l-lnﬁﬁé\;j: DIS
: F0.0028 | F0.0051 || +0.0058 Sl E————
NLO QCD Fit ZEUS | 0.1183 — 1888%? 1888?% Igggég e %E{nglﬁﬂf;ﬂ;sﬁ%i{;ﬂasﬂﬁ;‘ﬁgm
5 . .005 005 Dij ions in NC DIS
NLO QCD Fit H1 0.1150 — _8'3833 ‘8'83‘?0 _8'38§§ . e ‘Z;iiigﬁ“ﬁmnﬁ?mﬂﬂm} 20)
Inc. Jet vp ZEUS | 0.1224 | 0.0001 | T00005 | T0 0042 | 00046 ™ (S Bethke, hep-ex/0407021)
- experimental uncertainties: ~ 3% - Shs o
- theoretical uncertainties: ~ 4% (jet cross sections and NLO QCD fits) ’ ’ ’
~ 8%, (internal structure of jets) o, (M)

Most precise determinations used in averages
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*Averaging must take proper account of correlations in e.g

*Energy-scale uncertainties, PDFs, hadronisation corrections,
terms beyond NLO

— as(Mz) = 0.1186 & 0.0011 (exp.) + 0.0050 (th.)

eXxperimental uncertainty: ~ 0.9%
theoretical uncertainty: ~ 4%

Combined running of o, using correlation

HERA average: 0.1186 + 0.0011 (exp.) £ 0.0050 {th.)
, 0,14

* ZEUS data

" Hl data

o (M)

0.13 |

HERA average

method for data at similar E;

= 0.25 T T T T

T T T
* HERA

g
0.2 | %

0.11F
| th. uncert. ie:p. uncert.
- i
pplb——1 11 1= 11 |
T Lz B®e ERLEYE
=R === - == =
Ve QL 3ULau
s £ £ W E’ A A A A
Triiiis
- 2 & & ¥ E & 2
I == & B = I g =
](t 1.) < ey E
E p B
16

0.1

| == QCD

B o, (M) = 0.118 + 0.003

10

100

EEt (GeV)

...Next steps will need NNLO

DIS 2005 Stephen Maxfield Liverpool
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Inclusive jet and dijets from DO Brian Davies

%
%105_— D@ Run II preliminary
&10“; e |y| < 0.4 (x10)
§103_ © 0.4 < |y| < 0.8

*Run Il has ~0.7 fb! (~half being analysed here)  Ti0f
NFU 10k 5 & &

Increased beam energy — extended p; reach i ‘Lr 317'89;; v

promising sensitivity to gluon at high x ok

_ b~ NLO QcD
*New cone algorithm IR safe Y9F CcTEQ6.1M
. . _ _ 107 He = = P

sDominant experimental systematic from jet N .

energy scale (~5%) - still understanding new ¢ PO TS0 200 400

detector components 5 £ po Run 11 prenmmM‘

. . . . : 1.5  NLO QCD ly|] < 0.4
*Also looking at flavour tagging of jets with us B = creneam {
. . g 2 E ’

(vertex tagging to come) and ¢ decorrelations A5 .
T esesssssssetme et ® e 0 %
0.5
4'45% ...... M M, = g2 0.4 < |y| < 0.8
3.E —— Mg W = P
LB T M e = 2p
* Bl :
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*Now using k;

*RDF preferred
procedure for
data/theory
comparison

*Future-proofing
your results

18

Jet measurements at CDF

Rick Field

NLO parton level theory
corrected to the “hadron level™!

i K, O=05 Oielf|eny T f W, B=0F biclen? K, D=1 fiey]en?
E wf - E ik - —— Data
16 Syabemalic amor = 1k Syl manG eron = Syalamali ernn
E‘ M= —— MLO: JETRAD CTEGET % . ? —— MLO: JETRAD 'ETEDG..‘ —— HLQ: JETRAD CTEGE
= Covmected 10 hadron (el = - covrected | hadron el covrected |o hadron el
¥ aF pyEp sman PE "y LS Eman P peSu = mag P i
% 107 o -=--mM0 u‘nun:mnr; % L E .dm -- NLI:Iu‘nun:nun; == NLO u‘nun:nun';
= 107 L] =0 L &l
= T = E e -
Rl vy el rig o
o a F ! o aF '_}1\ M 5
wik oy ' Py -
[ s 10t L ) ) 4
F  CDF Hun [ Preliminary L% F CDF Hon (1 Proliminary e CDF Run [T Preliminary Mo
10’ E o BeLU6TeV Lednsgh’ o — 1’ Rl ey Ledns ph —F— AL S R — S s
L ATRTA AT TU RN ETH INETHIRU SN IRTRY FRTRL A [T LSRR AT TH AN STH FRRTHIRU SN IR ARTRUET g0l b b b b b b L
0 100 200 0 L 300 400 500 G600 700 109 200 400 509 600 TOD
P [Gowic] P [Gavic] PIET [Gavic]
E‘ b} E." 8 E." x5
g Pk, DmbA 0de[ven? g [ K, D=07 Oi<ffjen? g L K, D=id 8iciyjeo?
ﬁ M —a [Oala |E [ —a— Dala 'E [ —a—Dala
- : Syslemabc mrars Zo2 O Syslematc eros - ¢ o Syslomale erors
E 2 -~ - HUOunceriaintes E L --- HLO unceriainbes E r --- HLO uncerainties
T CIF Ban [ Proliminary 150 COF Run [ Prdiminary [ 7 1.5 COF Run (1 Preliminary
il _".._.]._._ o -
Correction factors P R e LN
applied to NLO theory! B [Gevie)
§ 14 y
g K, D=05 $A<[Y]<07 3 f K, D=07 QA<[Y}<07 % 44F o K, D=f.0 D.A<Y[+0.7
o CDF Run 11 Prefiminary vl CDF Rus [1 Prefiminary 135 o CDF Rum [1 Prebiminary
"hh____ﬁ!_‘ 14E
et orr . = T - I TS SR 1 e
B T T T T T T B TR T T T T T e T T T T 1T T
T [GaVic] P [GeV/c] PIET [GaVic]
DIS2005 Rick Field - Florida/CDF Page 10
Ap?'ﬁ 28, 2005
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1%

25 ., < 5 = 7/
C 5;98 prijet) _lDC;ggGe\ c

== c+light jets

Monte-Carle Templates

d cldYdP, [nbiGaVic)]
-
=

A 10°
uusf—é l '“.'!-1
: Lo .
o Ll | i e . T 1u
0 1 ] 3 4 %
Mass secondary vertex [GeWc’%
g —— Fit prediction 10°
E"—’W_ ——Data
o —Djets
B b c+]IEi=ght jets 10°
m-i—
zun:— -
1an:— i E 5
c =
- . T @
] I R 4 s r = 4
Mass secondary vertex [GeV/c] =
§ s
» 2
The data are compared with I-____i
PYTHIA (tune A)! Data/PYA ~ 1.4 1
Comparison with MC@NLO ¢

coming soon!

CDF Inclusive b-jet cross-section

@:I Use shape of secondary vertex mass as discriminator

# Inclusive b-Jet Cross Section

Mid Paint jets Ry, 0.7, fL o =0.75
[¥]=0.7

a"]'-'rllll|||||||||||||||||||||||||||||||||||

—&— Dala

—=— Pylhia Tune A {CTEDSL)

|:| Systematics

CDF Preliminary
Vs = 1.96 TeV, L~300 pb”

S

50 100 150 200

= [Data/Pythla Tune A (CTEQSLL)

[ systematics

JW+”+“++++++

250 300 350

P, Jet [GeVic]

35u 1 1 1
P jet [GeW/c]

* For CDF underlying event studies -> Pavel

19
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Jet Production at High Q2 (H1)

Thomas Kluge

e Measure 2- and 3-jet cross sections at high Q2 - 150 < Q2 < 15000 GeV?2

» Use to make O determination

< 1! H1 Preliminary 99-00
3 . ¢ Dijets
S0 * a Trijets
&' E % -+ NLO(145, )
:b E {y-exchange only)
B . 0.25<p? /"< 4.0
=] 2 r.f
=] E T,
o C .
10'3=._ E?,jeltt =5 GeV l"l-,_'
1< <25
10% L Mam, Majet > 25 GeV e
E 4
10° . -
10° 10*
Q* (GeV?)

Highest bin needs electroweak corrections

from Z exchange. Not used

20

DIS 2005

R,, Ratio of Tri- to Dijet Cross Section

0.35

0.3

0.25

0.2

0.15

o  H1 Preliminary 99-00

= NLO (145,

{y-exchanga only)
025 <p? /OF < 4.0

- Hadronisation Lincertainty

Stephen Maxfield Liverpool

10°

CIJ(GEVEj

April 2005



*Measure cross section ratio R,

*Reduced experimental and theory
uncertainties (e.g. p, dependence

reduced to ~5%)

a(m,)=0.1175+0.001720.005 5 5568 (stat.+syst.+theo.)

21

— 0.18
— 0.17
0.16
0.5
0.14
0.13
012
o

0.1

0.09
0.08

0.18

0.16

0.14

0.12

0.1

Lo oo
=

H1 Preliminary 99-00
ag(My)

Theoretical Uncertainty
Averaged ay(M;)

World Average (PDG)
ag(M;) = 0.1187 £ 0.0020

o

1.':’g Pl;iev?]

H1 Preliminary 99-00
(@)
Averaged o (M)

World Average (FDG).
o (M) = 0.1187 £ 0.0020

A

DIS 2005 Stephen Maxfield Liverpool
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» Using the Breit Frame

New measurement with 1999/2000
ZEUS data

*Data points consistent with NLO
prediction within the uncertainties.

*This measurement is directly
sensitive to value of a(M,) and
the scale dependence of a..

eConsistent with NLO predicted ~10%
Increase in cross-section

Inclusive Jet Cross-Sections in Neutral Current DIS Events

Jeff Standage

ZEUS

e
1
E
= 3
= 10
—
L]
% 10
B
= i ® 7EUS (prel.) 99p — 00
F B ZEUS 96— 97
-4 NLO QCD DISENT MRST99 (u, = EP)
10 & __F =920 GeV ' =
- - - E,=B20 GeV
10 . L Jet Energy Scale Uncertainty =
E. | L 4 |
I.i.ﬁ' LT T T T
14 Ratio to DISENT MRST99 (u, = EO) =
12 =
] AR '-‘-.'l. '\x"\\_“-.xx."..\ -.\'-. '1.\..\'-1"- WY
0.8 Theoretical uncertainty
0.6 | P
2 3 4
10 10 10
Q'(GeV?)
April 2005
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Colour dynamics in photoproduction of jets (ZEUS)

. Juan Terron

Photoproduction of Three-Jet Events I

e Direct processes provide a clean way to study the effects of the different

INCOMING
POSITRON

color configurations

q _
_‘____d___. q_.
g T Ty
1 q
. e~ — 1
g Use angular
Cr-Ca Cp-TF Tp-Ca variables to
distinguish
e The predicted cross section at O (ac?) can be written as the different
Tep—ijets = Coda + CpCa-op + CrTr-oc + TrCa-op processes
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(1/g) da/deos(oy,)

Colour dynamics in photoproduction of jets (ZEUS)

Juan Terron

™
'

___ZEUS Different shapes.
b zevs gray s ] e.0. a,3 CpC,very different.
[ oeierder@eD But only 10%contribution predicted in SU(3)

Og

= N =
1 C /,I--x\x—_

[T ™ ﬁ —LEUS
A |
Z |5 L« ZEUS (prel) 95-00 il
. T L —sue 1
g [—wW Z
= | —— SU(N), large N E
1 -

| ——Cp=0

coz(i3)

=
in

Fixed order calculations (Klasen, Kleinwort, Kramer)
based on various symmetry groups. (O (aa?))
Consistent with SU(3)

\

§ 0.5 3
=1 -
. o Z0
New variables needed (esp. for senstivity to 3-g vertex) 2.5 L E
1 N B S B
-1 -0.5 0 0.5 1
luon induced processes cos(oty3)
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Event shapes from ZEUS Adam Everett

*Choose IR- and collinear-safe event shape variables.

sCompare with NLO + power corrections (Dokshitzer, Webber)
(+ resummation for differential distributions)

1/n dn/dE Momentum out of plane Higher order process
oss———— S K,.= ZJP;— Calculations LO for this
R TEEA
o5k ] ZEUS No fits performed up to
B TT B ‘.‘.‘ 1 4_I TT T 1T T TT TTT T 1T T 1T TTT TTT T 1T T II_
[ Mz . ] %10 2 | Y -+I ZEU|S (prel_l)QB-U'[l] E fioiy
5 Q:!Q i - > C — LEPTO 7
048 % B u . —LOO@@FNLLPC . _
i - 10 wmeoiemen: 3 First comparison with
oal N _ - 500 < Q? < 800 Gev? 1 LO+NLL+PC is shown
. E ol ) o (My) = 0.118
By ... C . E E -
0.35|- % - - 3 * 0,=0.52
i I | i 10 e = . .
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Neutral and Charged Kaon Bose-Einstein Correlations in DIS

Anna Galas
P R(Q12) = a(l + Ae™ 12" )(1 + 6Q12)
e . r = source size
1, T - bosons
— -~ r  +  r .~ 1 1 r T 1 r T T ] ZEUS DIS EVEHt Samp|e
Euﬂ:— A ZEUSSE-00 . , ,
o + B ZEUS(prel)96-00 | 2 < (Q* < 15000 GeV'?
osl ® LEP Expenments ]
L1 ]
i L] Expeciafions based on: ]
o7k 1 Uncertainty principle
\ﬁ THI ——  QCD approach ]
06f ; r(mx) > r(mi) > r(ma)
S i
05t \H ] ] Conclusions
0al “ ] » Still not clear situation.
Mf_ _ » \We need more precise r measurements
I | for the source size to better explore r{m)
o2} . behavior.
o1k . J ] # We need more mesurements for heavier
fm, .om . m . m, ] particles (proton, A = DIS - ZEUS).
D2 0.4 0.6 0.8 1 12

Hadron mass (GeV)
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Azimuthal Asymmetries in DIS (ZEUS) Artur Ukleja

. do_epaehx
T:A+Bcos(qb)+Ccos(2¢)+Dsin(¢)+Esin(2¢)
y p HCM frame
e .y _ ZEUS
\\_\\_\\\{/_./ EA 0.1 : . EI-:E-E.?SQE;:'?.Z ;rr- I 1
y g oL MRONE L
!
M S I I A -
0.1 - 7
¢) -; i 1 1 1 1
New method: use Energy Flow Objects o
(weight particle directions by their energy) ¥ _
S _
(better pQCD behaviour) 8 |
v O¢ .
_0.1---.|I|||||-.||I|||-I||||
-5 -4 -3 -2 -1 ]
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Measurement of Forward Jet Production at low x in DIS (H1)
Albert Knutsson

a
d”a

tf;?'g;t!’p? dr)2

e 10<Q%<20 20<Q%<85

14 1
L =r==3.5 L 0.6<r<3.5

| 4-H1 prelim. 8

| BAE scale uncert
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70,50, o 2y
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Xpi small

evolution
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X
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b
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=
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Inclusive Forward Jet production in DIS (ZEUS)

Nicolai Vlasov

N"‘" 0102 I L I ] E I
% EE[:[?I?E‘T% W-W: Er'ﬁ'gﬂﬂ _ 1 Jet energy scale 1
goow b @ sere, (£ i
NE' nnn;r‘:nlnr}' E * Average hadronisation
g 001 | . ] correction obtained with LEPTO
S | ] and ARIADNE
0.005 F .
o | ey | o | . B * Proton PDF CTEQSD
20 40 60 80 100 0.0025 0.005
Q@ (GeV?) Xy, * NLO predictions lower than data
but within theoretical uncertainties
E ) ' ' ] (except very low xg; )
9 -
o 10 =
= : ge uncertainty
_% i L -
2 0l * No disagreement with NLO
: i y DGLAP has been observed for
i forward jets
-1ﬂ = | |

Different way of estimating scale
uncertainty?
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Prompt Photon Cross section in Photoproduction (H1)

1996-2000 data: 105 pb-1

Use combination of shower shape variables to discriminate against n%n

>
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=
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Pr:rrnpt phntnn + jet

Ell q‘ﬂ I I 1
o - partun I-E:vel -
— A5 = H1 - LOFGH -
au: - === HLOFGH -

m e —
E L with he. + mi. -
b o5 - = HLO FGH
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20

Josef Ferencei

SIGNAL| QCD Reaction

NLO does reasonably well (better with jet)
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Charged multiplicity distributions (ZEUS) Michele Rosin

Breit Frame analysis of multiplicities

Careful look at: current region in B.F. = one e*e- hemisphere
(N<N

Targes Region Current Region expected
3
i i L L ! | 7
No migrations: E. = Vo~ With migrations: o 10,
Breit ) VE g <T
Visible Part
= .L‘_
Exﬂ:\: fPhOIon R jon = T T T T T T ZIEUIS T T T T 1T T
F[Hew Frar Y All Hadrons M . T =
} @ ZEUS (prel) 96-37 Current Region Breit Frame (x2) (2*E_,ramt) 1
e E [ ® ZEUS (prel) 96-97 Photon Region P c.m.s. (x2) (W)
i roton Regior e [ W ZEUS 94-37 Current Region Breit Frame {x2) (@) ]
=T ‘T AELE B Arladne Current Reglon Brelt Frame [x2) (2°E_ | i
I// ’ = Lepto Current Reglon Brelt Frams (x2) (2°E_,,..) -
I Arladne Photon Reglon +F c.m_s. (X2) (W) j{ 1

20 [remen  Lopto Photon Reglon P c.mos. (€2} (W)

Photon region in HCM
mostly target region in BF

w1
Nias

. 15 —
eMeasurement in current -
region of the Breit frame shpws b iR ]
similar dependence to e*e" if - LEP 1(45,..)
. LEP Il [48___)
2"E_ et 1S Used as the scale [ e TAZ20 o]
. ’F '8 PLUTO (Vs T]
*The same dependence is - e JADE (és,.) |
observed for the photon region N S S et
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Fragmentation Process in HERMES Bino Maiheu

*Flavour separated multiplicity distributions — RICH
*Test factorisation and validity of e*e- FFs down to low Q? (2.5GeV?)

*Must cope with low HERMES acceptance

= = F
o + 2
3, | K A K
5 S [
E E
-1
10
- I
10| L
! -
0 |
HERHEB Preliminary I HERMES Preliminary
| @ excl. VM substracted praton target - ® excl VM substracted proten targat
40 ex-:l ‘u’MlncIuded =25 GaVlic? 4 O excl VM included =25 GeWlie?
|||||||||||||||||||||||||||| Lol aalanns pov e by b b by v bor s by vua b s bynns i
U 0 01 02 03 04 05 06 07 0.8 09 1 L 0 01 02 03 04 05 06 07 08 09 1

Systematics from RICH
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Polarization and Asymmetries in Neutral Strange Particle
Production (ZEUS) Andrew Cottrell

Investigate A, A and A

)

0.z T T T T T I].E|||||||||||||||||||||||

i}
5

o1 —

«Strange quark polarisation (origin of s)  0a| .

eBaryon/meson ratio

L 02
ol -

*Baryon number (how transferred?)

[a(A) - a(A) ) [a(A) + o(A)]
[6(A) + o(A)] 1 o (K

L J

L

L

L

gelal ] | | ] pleloi s b by by el

Conclusions:

0.2 T T T T T

|

[6(A) - o(R)]/ [6(A) + o(R)]

*Transverse A pol consistent with O LT ¥

sLongitudinal also — sensitivity for HERAII

[a{A) + oA oK
f'—z -

*No A—Abar asymmetry — starts to limit

a1 —

_ I _ o
baryon number transport models T B T
-Baryon/Meson ratio between e*e- and * "x ° °
Heavy lon - strong decrease with x c.f. Ariadne

33 DIS 2005 Stephen Maxfield Liverpool April 2005



PHENIX

Au-Au with p+p
Nuclear modification factor

) Yield guae/ Nainary ) v

AA .
Ylelclpp

C W h'+h 0-10%/N+#N 1 7°0-10% /N+N

T T T
Au+Au 200GeV

Strong Suppression!-

0.8

0.8

0.4;— @@Dr;

I

-E]-Eﬂl&!—ala_é*iz

1 2 3 4 5 ] 7 8
b, [GeVic]

34

DIS 2005 Stephen Maxfield Liverpool

n%, n and direct y production in Au+Au and p+p collisions

Terry Awes

Partons from hard scattering exit through
dense strongly interacting medium = “jet
guenching”

7% and charged hadrons exhibit:

Strong suppression = high gluon densities and
energy densities

Suppression increasing with overlap (so with
increasing density and pathlength

But must distinguish initial state effects —
modifications to PDFs (shadowing, saturation etc)

From final state effects of QGP (+etc)

So look at direct y production — once produced
escape unscathed

April 2005



1%

R,.(p; > 6.0 GeV/c)
[+)]

® 200 GeV Au+Au Direct Photon
O 200 GeV Au+Aun°

NoO suppression seen! 1 £T 1 U TS, SOOI |
05
@) o o
o
U S | U T O | o T | O | B S | B | BN e
0 50 100 150 200 250 300 350
PHENIX nucl-ex/0503003 Nmﬂ

Strong confirmation hadron suppression due to QGP rather than PDF
modification
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PHENIX

Look at Jet shape, vield,
underlying event.

e.g. Jet yield

...showing pp, dAu agree within

errors.
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Near side jet
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Far side jet

Jet properties from di-hadron correlations in pp and dAu
Jiangyong Jia

*Access properties of dijet system through 2-particle correlation in A¢

. 2
Yieldp, —2257-

F

Relatively insensitive to multiplicity and limited PHENIX acceptance
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Conclusion

» Experimental studies of the hadronic final state alive and active
* Developments in “traditional” jet cross-section and QCD studies.
 New and exciting results from JLAB and RHIC

o Still huge amount to learn before (and after) LHC turns on

Many thanks to all the HFS speakers!
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