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Structure Functions & Low x
Jianwei Qiu
Un-Ki Yang
Jo Cole

Diffraction & Vector Mesons:

Valery Khoze
Xavier Janssen
Marta Ruspa

Electroweak & Beyond the
Standard Model:

C.-P. Yuan
Beate Heinemann
Alex Tapper

Hadronic Final States:
- Pavel Nadolsky

- Steve Maxfield

- Claudia Glasman
Heavy Flavors:

« Gennaro Corcella
« Andy Mehta

- Massimo Corradi
Spin Physics:

« Krishna Kumar

- Pasquale Di Nezza
« Marco Stratmann
Future of DIS:

- Uta Stoesslein

- Dave Soper

and especially to conference summary from Allen Caldwell
and the 271 participants who gave 240 talks
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(E. Lobodzinska/A. PeTrukhin)

(R1)

Precision low Q? F,
measurements

Number of different
methods

Extension into the
higher x region -
overlap with fixed
target data

Close to completing
HERA-I| structure
function programme
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@ Discussion of impact
on LHC physics: W & 7
Cross sections; also jet
Cross sections

@ General move
towards NNLO PDFs -
expect this to
become the standard

@ But note the
Impact on certain
distributions:

Fl.l x.,'(,)"l

@ Recent Progress on PDFs
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@ ( PDFs from ZEUS data..
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Addition of NC DIS jet data
and direct-enriched dijet
photoproduction data to
ZEUS PDF fit

Improves gluon density
uncertainties at moderate x

Also allows precise o
determination from ZEUS data
alone:

=0.1183 = 0.0058

Comparison to Bethke 2004:
=0.1182 = 0.0027
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@ Polarized NC/CC Cross Sectlonsat
HERA___ =
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> ZEUS(NC/CC) by A. Tapper, H1(CC) by A. Nikiforov
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5 e
2 Well described by the SM
2. NC Test with more data
0" : at very high Q2
0 & ] ]
o i =>» precise PDFs at high x
10" 3 y

10 Q2 (,Ge\'z)
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Consistent with standard model

CC cross sections
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W Mixing angle from parity violating

WISCONSIN

sinBy (Q)

Moller scattering (SLAC 15

sin?0,, = 0.2397 * 0.0010 + 0.0008
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10° 10° 10

(95% confidence Ievel)
* Limiton A, ~ 7 or 16 TeV
* Limit on SO(10) Z' ~ 1.0 TeV

PDG2004

sin?0 2Q(MZ)“

QwW(Cs)  |—e—] 0.2292 +0.0019
NuTeV F——| 02361 +0.0017
E158 fe] 0.2330 +0.0014
PDG2004 i 0.2312 +0.0002
1111 I 1111 I | | I I | I 1111 I 1111

022 0225 023 0235 024 0245 025

sin Bl M z)

hep-ex/0504049

* Limit on lepton flavor violating coupling ~ 0.016;
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= data = model = moded
w2 2 2
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1.05
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0.7

<GGCFR/ONuTev™

e e e,

NuTeV SFs -

———e T w

» Final NuTeV diff. cross sections (Ev 20-360 GeV, x=0.01-0.7)

» F,, xF5 are finalized too.

_<CCFF}/NuTeVl> v

0 0.1 0.2 0.3 0.4 0.5 0.6

Improved calibration of B-field,
calorimeter, MC model: explain
11%

Higher F,: < 5% nuclear effect at x
= 0.65? need to be understood
before NuTeV high-x data can be
used in the global PDFs analysis

CHORUS(lead) data can resolve,

nucl. corr at x=0.65:0.85

and future MINOS/Minerva

M. Tzanov
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expected.
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Dedicated efforts to measure d/u__

WISCONSIN - at hlgh X from_g.”_ab = iyl
Measure SF of nearly on-shell
neutron by detecting slow SU) o8
spectator proton in semi-inclusive . o “2\‘ 0.7
ed -> ep X reaction : JLab CLAS++, ¥*V
- ° 0.6
BONUS exp. (almost scattering off % &
free nucleon) —S. Kuhn ‘.. 05 ¢
» T L
: t -0.4
Helicity .
o1 [03
e @ =4-9GeV’ / 0.2
- X Scalar diquark
e Q> =9-15 GeV? dominance du=0 [O-1
T T 0
0.2 0.4 0.6 0.8 1
X

Parity violation in DIS on 1H: very sensitive to d/u — P.A. Souder

- 60 [a(0)+ F(IBE)] gy = A+ 1)
27 u(x)+0.25d(x)
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@ Polarized Structure Functlons.igf},g:
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Extended x-range with higher accuracy.
COMPASS systematically > SMC at low-x.
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W Gluon Polarization
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Direct measurement of AG/G

¢ via open charm production has

still too few events.

Measurement of AG/G via high
P+ hadrons more powerful but

model dependent

A= Rpgf<3pgf>A—GG + (background asymmetry)
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Preliminary Run-4

< - n0 A, from pp at\s=200 (ﬁev
0. 1__ ¢ Run4

- ¢ Run 3 [

0.05- ¢ Combined

| ? -------- H‘ ----------------------
./29/2005 ABHAY DESHPANDOE ‘ ) : ‘ P::O(Ge\llz) 10 -0'05 :_ )

'0-1:_ Scalmg error of ~65% === Now at 15%

: |s not mcluded | | | [

.
‘Uncertainty still large (Pz\/z; : 0 1 273 4 5 6
-Dramatic improvement by lumi and Py (GeVic)
beam polarization (~70%)

New silicon VTX will increase the x range coverage for AG
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0O Strange Pentaquark H1 and ZE:U§
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Observatlon of ©F zeus

o
3

K$ P(P)

Q%>20 GeV?

Physics Letters B 591 ("004) 7-2

e Kinematics range
ZEUS »» Q% >20GeV?
P.(©7)>0.5GeV.InO") k1.5
e A signal with ~4.6 o statistical -
significance was observed at
M =1521.5 £ 1.5(stan’S(sys)MeV

»
g

Combinations /0.005 GeV
@
S

200}

..but is there really a
contradiction?

e

o Gaussian width 6.1=1.5 MeV AT RNV Tl |
(experimental resolution ~2 MeV) M (GeV)

5 < Q’ <10 GeV?

200 ;
> > > 250 «&
[} [ "
s 180 g g [ } +
n 160 J 0 0 200 +
H1o» 2 : 2
120 150
100
80
80 F 100
60 -« H1 data 603 - H1 data ~H1 data
% bgr fit 40; — bgr fit 50 —bgr fit
20 H1 preliminary zo£ H1 |:1reliminary H1 preliminary
0145 1.5 155 1.6 1.65 1.7 175 18 0745 1.5 155 16 165 17 175 18 0345 7.5 155 1.6 1.65 1.7 175 18
0~ 0~
M(Ksp(p))[GeV] M(Ksp(p))[GeV] M(K3p(p))[GeV]

no significant signal in the ipteresing mass range 1.52 to 1.54 GeV
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Both ZEUS & H1 have takena _

WISCONSIN :
MADISON o _ﬁ
ZEUS ZEUS
> 220 S, =
8 200 _Ks (p +p)! 'fl""b>° + |
§ 180 | Q2520 GeV? H + + o Published already
o 160 ++ g o Non-observation of Z-in =-1-
@ 140 o + o Observation of ©* — KO.P
36
-% 1(2)2 3 . ++ o ZEUS (prel.) 96-00 E o o(ep — 0+ X):125= 27(vtat)+ g (syst) pb
£ E : — Fit =
£ 22 E ... Background E
(o] = z =
© a0 poake 1517.4 - 1.8 MoV Goal of new ZEUS studies
width= 7.7 + 1.5 MeV
20 L events=195 = 42 a) - .
T e e T e Look at various
- ' I = kinematics regions
140 rxg (p +P), nb<0 + E o Understand the
. 5 + : production mechanism?
120 F 2>20 GeV + + -] ..
- e check statistical
100 3 . sensitivity to established
80 I : states
60 3 _ _
40! RO | ©*May favor proton-remnant fragmentation origin
n L —
peak=_1-:21 V (fixed) ® Production rate is higher at forward region than rear region
20 |- width= 6.1 MeV (fixed) 3 g g g
LA events=22 + 23 b) - ® Production rate is higher for particle than for anti-particle
ol

closer look...

1.45 1.5

1.55

16  1.65

K
M (GeV)
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) ~H1: extraction of upper limit for 0

WisCONSIN cross section. . 0
AAAAAA M-—é T
Comparison with ZEUS: Christiane Risler
low-momentum dE/dx selection  z1ef . mi window =+ 10 MeV
20<Q2<100 Gev2 |§ 1402_ ---------- in Y‘lmdow——w MeV H1 prel.
o 120 0 A
0.1 <y<0.6 3%100:— ; '
é 80f-
M=1.52 GeV oy | ~ 100 pb * F af ,
20F- 95% C.L. 20<Q°<100 GeV?
T e RN ¥ R v T a—

M(Kgp(p))[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
oyl =89.6 (116.3) pb
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W "~ Charm Pentaquark at HERAM

WISCONSIN

Rarm Daum Wehuaa Ei sengurg

DIS: 1 GeV? « Q2 < 100 GeV? Photopr'oduc'non Q2% < 1 GeV?

3 ' % a0l
= H s
T : * Dp+Dp é
Seen by H1... g it g |
wwww“ 5
°>';' 25 N s \e2 34 .3-.6
M(D"P)[GeV] M(D"p) [ GeV ]
Back round fluctuation probability Confirmed by independent
0-8 (Poisson) = 5.4 o (Gauss) photoproduction sample
. _ *\ _ oy +0.33 o
H1 Preliminary: | R,,(D*p(3100)/D*) = 1.59+0.33% ;45 %

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

...and ZEUS same process
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@ Precision Measurements of oigp+

WISCONSIN
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Claudia Glasman

‘Review of Olg determinations from H1 and ZEUS experiments.

Evaluation of HERA averages of OLS(MZ) and scale dependence of Olg

| Process | Coll. | Value | Stat. | Experim. | Theory | Total | ., —
- +0.0024 | +0.0057 || +0.0065 WL SREeapes )
.002: .0028 0.0040 3 .
Inc. Jet NC DIS ZEUS | 0.1212 | 0.0017 i0.0031 *_’0_0027 to.oo.u | ﬁfdtnssgist\cg;oslitl::g:0<0’007)
Inc. Jet NC DIS H1 |0.1186| — T [ oo | Toboze| N EETE Rl goos“%
—U. —U. ) —U. ) ——— et multplicity 1
F0.0028 [ F0.0064 || +0.0071 L‘sa:ur InsJoanSl (2003) 149)
3/2 Jet NC DIS ZEUS | 0.1179 | 0.0013 ;8'79848 ;0.0043 18'8868 n ;;"L’g'(";;‘"i‘“‘“ﬁ;%{,’(}?, n
005 0.005 - ' " , (Phys Lett B 538 (2
3/2 Jet NC DIS H1 | 0.1175 | 0.0017 | ", 0050 | ~0.0068 —o.ooéﬁ g ?I.%OEQC?h;t;C’l -
= = : (Eur Phys J C 21 (2001) 33)
Subjet NCDIS | ZEUS [ 0.1187 | 0.0017 | F0:0024 T +0.0093 T +0-0097 1 o NOQCDE st
- 5-050 - hep-ex/050327-
Jet Shape NC DIS | ZEUS | 0.1176 | 0.0009 | o000 | T6-0025 || 00077 e MOQCDE
Subjet CCDIS | ZEUS | 0.1202 | 0.0052 | T0-0060 |0.0065 [70.0103 | el el
—0.0019 | —0.0053 | —0.0077 HI (Eur Bhys JC 19 (2001) 289)
NLO QCD Fit ZEUS | 01183 | — e M gfc{u;nbgder e
’ —0.00: —0.005 —0.0058 vs Lett 2
- 0017 —+0.0051 [[ +0.0054 HeH ijet cross sections in NC DIS
NLO QCD Fit H1 [0.1150 | — T0.0017 : ) i :
—0.0017 | —0.0050 | —0.0053 zZ LS(PthertB~07( 001) 70)
N +0.0022 | +0.0054 || +0.0058 | B Norld averag 3
- experimental uncertainties: ~ 3% I 0.12 0.14
- theoretical uncertainties: ~ 4% (jet cross sections and NLO QCD fits)
~ 8% (internal structure of jets) o,(Mp)

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

— ag(Mgz) = 0.1186 + 0.0011 (exp.) & 0.0050 (th.)

experimental uncertainty: ~ 0.9%

theoretical uncertainty: ~ 4% Combined running o.f qs using correlation
HERA average: 0.1186 + 0.0011 (exp.) + 0.0050 (th.) method for data at similar E;
3 0-14 o -4 d‘ 0.25 T T T T | T T T T T T T T I
%8 : * ZEUS data " HI data E B s HEM
0.3 HERA average ] - .
| 02 | i .
\ | i a ]
"T i ----+--§;--§+ -y--i----f--- N _
| omf b3 Yer ’ ii 1
i | th. uncert. Iexp. uncert. 1 - Ty — ]
; i 1 I QCD
0.1 Zl !' Zl Zl é Z‘l Zl E’:l Z:l El 01| o, (M) = 0.118 + 0.003 i
AAAaAgAAg 8 e — e
>z Z2C 22727277z 10 100
2 % ffz g £ z Ef (GeV)
) (th.) £ 3 s £ :
£ SR ..Next steps will need NNLO
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W Inclusive jet and dijets from D0z =

WISCONSIN 3
MADISON 8 = 0o R o -
Blos? un II preliminary
Brian Davies Byt o iy| s bl
,2103;_ © 0.4 < |y| < 0.8
‘Run Il has ~0.7 fb-! (~half being analysed here) T i0
K 10E & a PRI
*Increased beam energy = extended p; | D
reach promising sensitivity to gluon at high x Lot o
F — NL D
*‘New cone algorithm IR safe 07 CcTEQ6.1M
107% Me e = P
*Dominant experimental systematic from jet s P
. . 50 100 200 400
energy scale (~5%) — still understanding new ¢
detector components 5+ Do Run 11 preliminN
. ] . ] 5 E NLO QCD lyl < 0.4 °
*Also looking at flavour tagging of jets with us 5 .= crsos.1m +
(vertex tagging to come) and ¢ decorrelations QR
CE o sz DA ¥ 408
E — m oA, - P
’Ef - Mg = = 2p
ii steeessessateces 00000 ® o 8 + ........
200 300 400 500 Etpv; faats
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Rick Field

*Now using k;
algorithm

-
=3

ML Ui sl el sa Ll et it il ALl

T F 5
g f b 8
= 1k Syatematic erron = 1
5 .~ —»— NLO: JETRAD CTEQS! 5
Rl n coected o hadron level | =10
¥ aF o} w =y, =max P2 yp?
% 10 4 l.':q' === NLO uncertainins % 10
al 4 a9
% 10 3 "1;” %10
—~ ,4F . - 4
107 ey 10
3 = ] o
o 5 3 ﬂ-‘:\ o ]
107 = —— 10

* ; - 10
1 * CDF Run [I Preliminary -

o ‘ o
107 o9 Tev Leasspb’ — — 10
10° 0 10°

0 100 200 300 400 500 €00 TOD
P [GaVic)
1 25
g K, D=0 01<[Y)<0.7 %
g o[ b £
- Systemabc errars - 2
g 2 = == RLO unceriantos g
CDF Run [F Preliminary 15

L R B B B B B

Correction factors

300 400
applied to NLO theory! P [Gevic)

P
T00

K, D=05 81<|V]<07
CDF Run IT Preliminary

0100 200

DIS2005
April 28, 2005

300 400 500 600 TOO

7T [GeVic)

05500 700 306 405 500 600 700
Pi*" [GeVic)
o1
; K, D=07 01<[Y]<07
121 CDF Rua 11 Prefiminary

K, D=07 91<|¥]<07

% e O
.- Syatemanc eron
-~ —%— NLO: JETRAD CTEOQS1
L] corrected 1o hadroo leved
'.-.. pp = =maxe 2

- == NLO uncertamnting

Lo |
CDF Run [I Prefiminary
o196 TeV Le3ssph’

100 200 300 409 S00 600 Te0

PIET [Gevic]

TTTT T T T T T

K, D=07 01<[Yj<07
—a— Dala

Systemabc erors
= = = RLO uncerianbes

CDF Run [1 Prodiminary y

TR YT

090366300 306 409 500 600 790
Py [GeVic]

Rick Field - Florida/CDF

a% 1 dY dPJET [nbi(d

NLO parton level theory

corrected to the “hadron level™!

K, D=10 01<V]j<d?

—e— Data
Syatamatic eron

—%— NLO: JETRAD CTEQS1
corrected 1o hadroo level
we =, = max P iz

= == RLO uncartanting

o

CDF Run [ Prediminary >
Nol.96 TeV 1385 pb’

109 200 300 400 509

600 700

PIET [Gevic]
> 2_5_
8 L K, D=10 d1<Yj<0?
f . —a—Lala
- 2_— Systemate erors
§ F === KLO uncertaintios
1.5~ CDF Run [l Prefiminary ~ *
F i
1 : .-.}.-...-4-.- -
0.5.
o 18c
F14E « K, Ds1.0 0.1¢|Y|<0.7
135 u CDF Run 11 Preliminary
128 %
145
) -SRI it 7o o7, 7 = e ey N
09-= -y s rad)
1 100 200 300 400 500 600 70O
P.,"E [GeVic]
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Thomas Kluge

O " Jet Production at High G2 (H1)zga

—-—éf-_

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

« Use to make Olg determination

—

o H1 Preliminary 99-00
3 o - e Dijets
S10' L S 4 Trijets
a - e ----NLO(1
N (y-exchange only)
- 10? AL T 1 025<p2/QP<40
el
Breit
10'3 = et > 5 GeV L,\
3 . Lab
: 1< Mot < 2.5
10 Mzm, M3jet > 25 GeV e
3 3
10’5 ' L 1 1 raaal 1 L i 1 ol
10° , 10°
Q* (GeV?)

Highest bin needs electroweak corrections
from Z exchange. Not used

10.55

0.5

m;a’“d

nN 0.45
0.4
0.35
0.3
0.25
0.2

0.15

R,, Ratio of Tri- to Dijet Cross Section

®  H1 Preliminary 99-00

...... NLO (1+8,,)

(y-exchange only)
025<u?/Q°<4.0

- B Hadronisation Uncertainty
- )
C 1 1 L 1 1 l 1 1 1 1 1 ) - l
4
10° 0
Q" (GeV )
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0 Extract ogfrom 3 jet/ 2 jet (H1)=—=
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) — 0.18
WIMSACOl}lSIN = 017F H1 Preliminary 99-00
3 F o 0(My)
0.16 - . Theoretical Uncertainty
0.15E- ¢ Averaged a,(M,)
E World Average (PDG)
0.14- (M) = 0.1187 + 0.0020
0.13F- I:
012+, ; :
W oo
*Measure cross section ratio R, o = |
*Reduced experimental and theory 0.09}-
uncertainties (e.g. u; dependence 008 = —t———i——eeg — “Q;,éé P
reduced to ~5%) p v =
B H1 Preliminary 99-00
0.2:— o a Q)
N ¢  Averaged ug(M,)
018~ World Average (PDG):
: =0.1187 0.
a,(m,)=0.1175+0.00170.005 ) 00ag (Stat.+syst +theo.) osef-} I (M) =0.1187=0.0020
0.14[— '
0.12[- t 4
0.1_ 1 5 PR W T T T | i edoa g aal
10° 10°

Q* (GeV?)
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m Inclusive Jet Cross-Sections in Neutral

‘
visoway Current DIS Events Using the Breit Fram‘? |
AAAAAAAA M’ﬁﬂ' *‘*s-
Jeff Standage ZEUS
e 1 S L T e .
New measurement with E
1999/2000 ZEUS data 210"
Data points consistent with NLO | R
prediction within the uncertainties. | §
_ _ ] e -3 ® 7EUS (prel.) 99p — 00
*This measurement is directly e B ZEUS 96 — 97
sensitive to value of o (M,) and - NLO QCD DISENT MRSTS (ks = E7
= — k= eV
the scale dependence of o.. b T E=520Gev
eConsistent with NLO predicted ~10% 10 |- Bl Jet Energy Scole Uncertainty
increase in cross-section 16 —
1.4 Ratio to DISENT MRSTO9 (ug = EF)
12 | }
0.8 Theoretical uncertainty
0.6 _‘""i’ = o ——m: """"‘3" I R R ST ;‘_
10 10 10
Q’(GeV?)
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@ Event shapes from ZEUS—=
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-Choose IR- and colllnear-safe event shape varlables

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

Adam Everett
1/n dn/dF Momentum out of plane Higher order process
Y S A K= ZJP;- Calculations LO for this
5 f NN i
o5l N ZEUS No fits performed up to
I~ TT :. ‘.‘, = 4_|| T 1T 1T TTT 1T LI TTT TTT 1T T II_
I NP TN i o A ZEUIS (preI.I) 98-0(|J 3 now
- . %QQ 5 B . :>; - — LEPTO .
e A 7 .t —LOO(@PNLLPC . _
! ] 10°F weoiemen: 3 First comparison with
oal ] - 500 < G <800 GeV? 1 LO+NLL+PC is shown
e f oL ) o (M,) = 0.118
[ . - 3 * 0,=0.52
0.35— % ] i 0
N | ...... | ] 10 £ - 3 '
0.3.11 I 0.115 0.12 l 0.125 l 0.13 E L | E Waltlng or! generallzed
— o, (M ) i ] resummation program
World Average 1 -
ﬂ q  ZEUS98-00(822pb")
¢ ~ _ v b b Lol Dol e Ll 1 =
ag~0.45-0.5 0 02 04 06 08 1 12 14 16 1. s 2 Q2> 100 GeV?

OUT
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Measurement of Forward Jet _

MADISON

Albert Knutsson

Xpi small

evolution
from large
to small x

“forw ard jet

Large xp;, Q? and p? =
NLO describes data

< V2 and n2 -
Smaller rp;, Q“ and p; =
NLO insufficient

12.25<p,2<35

35<p,2<95

95<p,2<400

3
dc/ dxg

dQ%dpz2 (nb GeV™)

113(7

dx g jdpsdQ?

14

N
(Y=

—
—

e
-l
o

0.07

0

" <r>=3.5
1 prelim.

| SXE scale uncert
—NLO di-jet 1+§

-D° Sl b, 2u.r
PDF uncert.

llllllll

EEEEEEE.
1 1 1 1

iown  Production at low x.in_DIS (H1

10<Q%<20

! | 0.6<r<3.5 0.05
=1.8

0.025

—Il-l-.-ll -qu.-

0
. 0.4<r<4.8

C bl T II'$.T..

0 0
0.028 0.0025

" 4.8<r<40 1.1<r<20

<r>=4.9

0.014 0.0012

}....-..-5 '
[ Pusum

0 O 1 1 1 1

0.0001 0.001 0.0001 0.002 0.001 Xg 0.004

Bj

]
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@ ~ Inclusive Forward Jet production

Wisconsin in DIS (ZEUS) ~— _ “if0

o 002 LANLE I B LA I Ry [ T
> o ZEUS (prel) 98.00 | € '
8 —  DISENT ] br;T 1 D Jet energy scale
20015 | osoug20 47200 :
- &% Hadronisation |2 . .
o uncertainty {2 * Average hadronisation
g 001 . ) correction obtained with LEPTO
= ] i and ARIADNE

0.005 . ]

L R * Proton PDF CTEQ5D

| 6.0025 6.,005
X * NLO predictions lower than data

: but within theoretical uncertainties
(except very low Xg; )

®* Theory has too large uncertainty

doldE" (nb/GeV)

®* No disagreement with NLO
DGLAP has been observed for
forward jets

N M l. 0-....1..,.1....<
6§ 8 10 12 14 2 25 3 35

E" (Gev) ! Different way of estimating scale
uncertainty?
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Careful look at;

Current Region

current region in B.F.

Photon region in HCM
mostly target region in BF

0
5

eMeasurement in current
region of the Breit frame shows
similar dependence to e*e" if
2"E_ rent 1S USed as the scale

eThe same dependence is
observed for the photon region
of the HCM frame vs. W.

No migrations: Eg e =
Breit
Visible Part
o o
guo Photon Ré¢gion
= I
Em [HCM Frar . All Hadrons

A
50

'

\_ 30

25

20

15

10

_NY With migrations: O
5 E

- Charged multiplicity distributions

 (zEUS)__

Breit Frame analysis of multiplicities

Bl

Mig:hele Rosin

= one e*e” hemisphere
(N<N

expected

ZEUS
+ ® ZEUS (prel) 98}97 Current Region Breit Frame (:(2) (2°Eyrrent) T
: ® ZEUS (prel.) 96-97 Photon Region y*P c.m.s. (x2) (W) :
- ¥ ZEUS 94-97 Current Region Breit Frame (x2) (Q) 1
= Arladne Current Reglon Brelt Frame (x2) (2°E,, ,.) A
e Lepto Current Reglon Brelt Frame (x2) (2°E_, ) ’r b
[ Arladne Photon Reglon v*P c.m.s. (x2) (W) }~¥ :
:'---- Lepto Photon Reglon v*P c.m.g. (x2) (W) 4 '-
[ 4 ]
[ B ppISR(V(Y),,,) ]
] A LEPI(Vs,,,)
[ * LEPN(¥s__)
L e'e’ TASSO (V8 M
B O 'e’PLUTO (Vs,, ]
: # e'e"JADE (s, ) o
A o'e’MARKI(Vs,,,]]
aal a ——— o] a

2

10
Energy Scale (GeV)
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ZEUS D* Jet photoproduct Onfﬁ‘
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e e

"
|
i&w

Events with a D* and > 1 jet (Ep > 6GeV)
D*-jet and “other”-jet distribution T. Kohno
Consistent with NLO massive (FMNR) and Massless calculations

ZEUS

E D" jet EFS6 GeV ] " Other _]et EF>6Gev | E56 GeV
3f ® ZEUS (prel.) 98-00 1 2: -=== NLO QCD (FMNR) _E NLO QCD (massless) E
r Jet energy scale ] F = F = NLO QCD (massless) ® had. ]
) L uncertainty ] 155 “ NLO QCD ® had. I~ NLO QCD (massless) resolved

do/dn“(ep— D" +jet+X) (nb)

jet
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ZEUS D* dijets
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Dijet correlations, directly sensitive to NLO corrections

ZEUS

—~ (SN e L e o, (0] e S e e S e
= =} E E
E - = SR NLO QCD (massiv
- ®  ZEUS{prel ) 98- W = f SED (mami)
- 7 = i ZZZZZ= womzs NLO QCD (massive) 2 hael,
% 4k Jetenargy scale uncertamty fj// Vi } I e [Scauty *
] = |
{1 "~ 10'fE L
; iy 3
- D . TS
::: Il)-_ - ] ookl
I 3 F////// T
i)
i e I
0 g~ “)-3 = L al |
1] | p!) 3
Ad¥ (rad.)

o & als I T T
Z AT
— ¥ | - s
o 10
£ k= %
= 102 Zoul // -
% N
‘2 07? o //7/7 %

2 2 I Bz :
T 0% 1 0.0sF ’Z//% -
(=) D X d

i , = A & i

=0 =

- = 1 % gl
_C, l”t‘ OB ST P W] [ W T N S LY~ LY S L | .~ | [ P ——— I ———)
= 1 100) 200 0 300 20 30 40 30

IR ii ,
(pp) (GeVT) MY (GeV)
~he v —— .w

FMNR too low at large p%}j and low A¢

Need higher orders or matching with PS
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G. Fluke

H1 Charm + jet photoproducﬁm

D* and “other”-jet Pr > 3GeV (tagged PhP)

D* + other jet

3‘ 3: -8 H199/00 (prel.)
= r — FMNR @ Had
; 235 - FMNR
@ i S35 ZMVFNS ® Had
g 2 calenlations with
R : s ——— N CTEQSM
g ' N
N \\ N
: AN
oo ¥
0.5F
- H1(prel)
PR T T (ot T e W P 07 VU (EePHer S M 7 Y 1 P
-(1".5 -1 0.5 0 0.5 1 1
n(et)
D+ wther jet
[ [~e=H1ge/00 prel)
'g 0,1; = Casvade 1.2 ;'
—_— -~ Fyhia 6.1
- «+ Fyliia €.1 dir.)
."é"0.0B
£ 0.065
el
=
0.04+
§ - H1(prel.)
©0.02f
YPAR TN G by ||l|||||

20 40 60 80 100 120 140 160 180
A ¢(D* jet) [

D* + orher jer

S —8 H1 99/00 (prel)
& 1 W —— FMNR @ Had
= aalos - FMNR
R 38 ZMVFNS @ Had
- calculations with
%‘ iga CTEQSM
= 3
Q -
©
S

. rel.

l i l 21 L l P -
10 2003 6
piet) [Gev]
D* y other jet
-~ 1 88/00 prel.)

0.1 — FMNR @ Had &: g\\
- FMNR AR

2R ZMVFNS & Had
calevIatinns with a3

CTEQSM

oD jed) [nbr
8 8

da
e
g

H1(prel.)

!

4

(e
e
=
S

| BT 0 YY)

& 20 40 60 80 i00120140160180
A o(D*, jet) [7]

Ay not well reproduce by massive and massless NLO
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CDF b-jets

» Jet algorithm: JetClu with R .= 0.7

» Kinematical range

— 2 b-jets within [n| < 1.2

cone

— B lstbdet > 30 GeV, Ep20dbiet > 20 GeV

* Data sample: 65 pb-!

— Jet 20 only (prescaled trigger)
» Comparison to MC@NLO @ JIMMY
— Default IMMY - Small MC sample

CDF Run Il Preliminary

s 107
©
E B —e— Data
£ —+— MC@NLO + JIMMY
o5 —— Data Sys. Error
O =~
©
101
/_
A —
PR —‘1;____,_|_.-—-—
#/
——
1=
I | | | I I | | I | | | I | |
0 0.5 1 1.5 2.5 3
Ao (rad)

e ————

B ¥

CDF Run Il Preliminary

—e— Data
—a— MC@NLO + JIMMY
—— Data Sys. Error

i e T
e, SN
\\
10% = —‘— fn 0,
10.3  — ] 1 1 I | 1 1 I L L Iy 1 ‘ Il Il 1 1 | 1 1 1 1 1
30 20 50 60 70 80 000

Lead Jet E (GeV)

CDF Run Il Preliminary

107

10°

—s— Data
—&— MC@NLO + JIMMY
—— Data Sys. Error

-
i e

| 1 1 1 1 1 L 1 1 | 1 g 1 1 1 | 1 1 ‘ 1 1 1 ‘ L | 1
40 60 80 100 120 140 160 180 200

bb Invariant Mass(GeV)
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F§° vs

H1 PRELIMINARY

F; from H1, ZEUS vs. NLO =#

F2bb vs ()? T

H1 PRELIMINARY

. Klimkovich

'8_ 107 T = '8 10° — ————r ——
- - 1 59 i .
- : : x=0.0002 (x &) ]
I x=0.0002 (x 4°) ] i 1
I ) y | 102 ~ x=0.0005 (x 8% J
10 2__ o i’{g—:{}-' x=0.0005 (X 4 ) - E ,E’/,» E
i i % x=0.002 (x 4%) | 1o L i x=0.002 (x &) J
10 | iff:i# _
g ya 3 i i i x=0.005 (x &) 1
I i ¥ x=0005®4H | L i |
- x=0.013 (x 8" 1
1 = e HI Preliminary % = i __f-_- i
: PR ; - P ]
L v HI Data (Hi R 1 1 i
L Heny BV i . 10 - =
. = H1D* x=0.013 (x4 g e H1 Preliminary 1
A ZEUS D* £ 1 I v HI Data (High Q9 x=0.032 x 8%
-1 L i
10 | - MRST04 B f . i R I
Lo CTEQ6HQ 1 ] 10 3 - CTEQ6HQ E
i x=0.032 (x 4% | C 1
10 -2 1 | 1 1 111111 | 1 1 111111 | 2 1 1 111111 | 3 1 1 10 73 Lo ‘ 1 Il 1 Lo | 1 Il Il Ll ‘ L | I
1 10 10 10° ) 10 102 10°
Q" /GeV Q* IGeV?
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W H1, ZEUS F‘J'°|
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F2c:c VS (22

H1 PRELIMINARY

|8 103_|| T T |I||||| T T |I||I|| T T T IIIIII T T L
o~ C 4
o - ]
i x=0.0002 (x 4%) |
102 x=0.0005 (x 4% 4
I x=0.002 (x 4°) |
10 =
i x=0.005 (x 4%) |
1= ® HI Preliminary i ) 3
L v HiData (High Q) .= ]
| = Hl D x=0.013 (x 4% |
" a ZEUSD* E I
<l
10" --- MRSTO4 R 5
- — MRST NNLO ]
i x=0.032 (x 4% |
4
10 il L Lol L Lol I Lol ! L
1 10 10 10° )
Q" /GeV

Wesley Smith, U. Wisconsin, May 23, 2005

vs. NNLO (Mﬁsjig

be ve Qz T ‘Kllmkowch

H1 PRELIMINARY

'8 103 o e
O s ]
x=0.0002 (x 8°) ]
1021 x=0.0005 (x 8*) ]
0 L x=0.002 (x 8°) i
x=0.005 (x 8%) ]
1 E E
x=0.013 (x 8") |
1

10+ E
@ HI Preliminary ]
v Hl Data (High Q%) x=0.032 (x 8% ]
S| - MRsTO4 ’f“ |
10 -
: — MRST NNLO E

10 -3 1111 | 1 1 1 11111 | 1 1 1 ) N | | 1 1 1 1

10 10° 10° ) ,
Q /IGeV
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NuTeV s/s sea

—~——

WISCONSIN R eecthnc iy = 9 '[ﬂ L% ”,
MABISON SN PRGN |

G000 Evertc 134248 Tgate: I Oate: Thu MMay & 14:23:21 180 g1 TR
53,

ers: RN ENERC 1E B T RoafEns]

\ h\lhhnkm Il t\

yoview

Ll

x=view

VN — pe(— ph)X

D. Mason

Signed selected beam, look at s(z) and 5(x) independer

Complete data sample (20 times previous results)

LO analysis, extract S— =

« 0.008
ol

0.006

0.004

0.002

-0.002

[ dx x(s

(x) — 5(z))

LO praliminary - old analysis in black

g old new

- < >

= + ! | | |
BGPARold CTEQSL CTEQSL GRYVA3 MRST92  BGPA

Strange asymmetry compatible with zero

g

— 0.0068 required to explain sin?fy anomaly
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W Z + (b-jet) from DO

WISCONSIN

: H N. Parua
g ~vow—e— (Q e Q
! £
B G . .
q O q Q pp — Z + b production sensitive to b-pdf
o »
= i DO 180 pb~! of Run-II data ~ 5000 Z(— [T17)+jet
8 20k « Daila
= | ' — Expectation . .
€ | @ Charm require a secondary vertex significance > 7
W 15- [ Bkgd+Mistag i
: e — 0.021 4 0.004(stat.) 003 (syst.)
10
[ Theory: 0.018 +0.004 (NLO+CTEQ6)
5¢
| |
-50 0 50 100
LXY/GXY
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L
3 |
Z
:140 —

) Q%<1 GeV?

'B 02<y<08

g o] p>2.5 GeV
p‘, 12, 76) Gev
I'r] <25

ep > ebbX > ejjux ®  H1
A ZEUS

NLO QCD ® Had |

Good agreement

H1l vs ZEUS

1)
X [pb/GeV]

do/dp
o)

, a-.ﬁmi“ ’m
T T l T T T | T T T l T T

$ -0.55 <" < 1.1

® H1  -055<7‘<1.1]
B ZEUS -1.6<n"<23 |

NLO QCD &® Had:

f $ -1.6<n* <238

Q%<1GevV’;, 02<y<08

o> 78) Gev; M<25

f

L L I 1 L 1 1 | L 1 L L l 1 L

5 7.5 10
p: [GeV]

ZEUS: No excess

at low p}’
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H1 vs ZEUS b: U + jet in DI

af
WISCONSIN »
MADISON - = =
= L L L a =—=
3 H1 | S 20} H1 -
a ® Data S ® Data
o, 10 i a {4 3
:LE N § — NLO QCD®Had] T — NLO OQCD® Had
% L. e NLO QCD ] [ e NLO QCD
g <] = ]

1F =
o o by by by gy PR N T T TN [N T TN T S NN SN R S N
4 6 8 10 12 0.5 0 0.5 1
pilGeV] n"
—— [ T T T T T T T T T T T T 1 S 30 _| T T T T T T T T T T T ]
5 @ ® ZEUS 99-00 g8 [® -
[ T S’
0] I B NLOQCD ® HadCorr. | = r 7
g8 = 25
[} --- NLO QCD (HvQDIS) ke L ]
S’ B L i
ey 10 le=s | T 20 .
RS = E L ]
@] rT ] i ]
© S 1 15 F .
005<y<07 L ]
09<n* <13, ph>2GeV r ]
16<nt<-09 p*>2Gev R 10 n N
ET?:" >6Gev, '2<”ibt< 25 - ]
'l . I S— 1 = | Good agreement
L I ! | ! L I |‘$| I L I L | __ T B R R R SR B
5 10 15 1 0 1
n
pt (GeV) ] n
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@ Summary of HERA b- phyS|c

WISCONSIN
= rel
8 B H1 w: o,(inX) p, @Impact Parameter
Q ® Hi DIS: o, (ejuX) pf@ Impact Parameter
ad 7 2
oZ ¥ Hi1 FE® (high @°)  Impact Parameter
E A HiPrel. F2 (low Q% Impact Parameter
8 6 ¢  H1 Prel. vp: dijet Impact Parameter
& * H1 L D*u Correlations
5 1 O zeus|wp: o, (iiuX) p
O ZEUS|DIS: o, (ejuX) p;
a * Yr ZEUS|Prel. D*u Correlations
T vr W ZEUS Prel. mu-mucorr.
33+ |
2 " $ I 4 % %
" WUy F g
Fl' |
w (@~ 0) 10 100

Q° [GeV]
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W Diffractive DIS at HERA

WISCONSIN fii B

AAAAAA

HERA: 10% of low-x DIS events are diffractive
Q? = virtuality of photon =
= (4-momentum exchanged at e vertex)? Diffractive DIS

t = (4-momentum exchanged at p vertex)?
typically: [t]<1 GeV?

W = invariant mass of y-p system

=
X
"

invariant mass of y-IP system

fraction of proton's momentum
taken by IP
Probe structure of color singlet
B = Bjorken's variable for the IP exchange — F,P
= fraction of IP momentum
carried by struck quark
= X/ Xp

M.Kapishin, Inclusive diffraction at HERA
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AAAAAAA HERj\Blﬁ;actlve Structure Function M S
+ H1(LRG. pral.) « ZEUS (Mx)
= H1 (FPS, prel) 2
= + ZEUS (LPS) [c()s v
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io'oj o wie] S| S 1 # 3 e
>
o'oi_ @] ol | v WA A o
o'oj_ o AN aa] k| | M F |
ToM el iy Lu: Wy | B, | B |0 Precise data
0.05— 85
% b | % | & : : .
of 1wl el e Wide kinematic coverage
or B ol ol n B ||
0.0s|- f .l L] WA & 5 |1 . .
o J . * M,: higher B region
T 8 o By | hE| &
) * LPS: higher x;» region
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i
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W Scaling violation of F,® =g

masison . = o

H1 preliminary ZEUS
* X,;=0.0003 * X,,;=0.001 *x;=0.003 - X ,=0.01

<m
A

’B_ 0.1 r / J ~ x=0.003 x=0021
= AT\ A |
0005
T “ ¥ .’ el
™ 01 0 ZEUS9687
o [ p=0.067 p=0.080 p=0107 p=0.120 p=0.167 05 H154/97
© 005 [ / “/ ' _~ k> - ¢ Fnlr_?éf:?;n
o ‘os. o.'. i..’." 0’-.. | rg{g;
i 0
o1 [ p=0.200 p=0.267 p=0220 p=0.432 pB=0.500 ESRAS
005 | B 5 ) | 1t s
PR Py -.J'""ii et i
0.1
o | o o sl
_ + H1 97 (prel.) y<0.6 T egyme L0005 kY
B—O-67 ""'“} BT T o H1 97 (prel.) y<0.6; M, <2 GeV ' *3%
{ H1 2002 6 0 NLO QCB Fit (F, 0=0)
1 10° 10 10° o L x=0d =065
Q* [GeV?] / ol N
Inclusive data 0
e Positive scaling violations to highest /3 °C SO OV b
1 o 10° 10 w01 w0 i0° 10’ 10‘,
— lot of gluons 0" (GeV')
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0 NLO DGLAP fits 5@

WISCONSIN. , = SR
NLO QCD fits to H1 and ZEUS data Observations:
— - Singlet — : Giton %2 ) o Singlc-et sill}ilal' at low QZ )
Ci[ - % 2t [GeV?] evolving differenly to higher QQ~
02 L . 6.6 e Gluon factor ~ 2

smaller than H1 gluon

Reminder that data comparisons
15 revealed differences

Illll'llll LI}
2/

02 .

e atlow My (high 3)
Most of those points are not
included in the fit

%0 e inthe Q2 dependences
Different Q? evolution means
different gluon
== NLOfit to ZEUS Mx (exp. error) — Observed differences in the
—— H1 2002 NLO fit (prel.) _ _ _
_____ (exp. error) data explain the differences in the
----- (exp.+theor. error) extracted pdfs

Regge factorization assumed by P. Newmann, F.-P. Schilling, P Laycock

Wesley Smith, U. Wisconsin, May 23, 2005 Deep Inelastic Scattering — 46



W lefractlon at the TEVATRONm

Now both CDF and DO
have roman pots and
are actively pursuing
broad diffractive

S E— physics program

E_— e 0 0 [ & =
D2 D1 D A S A‘ Q, Q Q, Dﬂ
— o : -
59 57 33 23 0
H"‘*—-_._,_._.--'-""""_Fﬂ_'-

+ Dipole Spectrometer Quadrupole Spectrometers

> FPD being calibrated and working as planned.
> Level 1 FPD triggers being commissioned (new data samples).

» Comparing measurements with FPD tag vs. Gap tag yields
new insight into processes
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w Gap survival probability =&
WISCONSIN I teecet I
MADION - =" .
K. Goulianos
i ¢ CDF: one-gap/no-gap o 9
A » CDF: two-gap/one-gap " / n
5 1 | Regge prediction R S — . / ,
.5 — Renorm-gap predictiorll______;___.'._-J-:_’,':.'.'-'r"‘"' ] . .
E e
g Sl-ew-gw (1800 GeV) =~ 0.23
< 1 2—gap/1—gap c M

10

10° 10
sub-energy vs (GeV)

_—

S, er0er (630 GeV) = 0.29

2—gap/1—-gap

Results similar to predictions by:

Gotsman-Levin-Maor
Kaidalov-Khoze-Martin-Ryskin
Soft color interactions

Wesley Smith, U. Wisconsin, May 23, 2005
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TEVATRON to Ll LHC | Tagmpns

Vacuum quantum numbers !

H Attractive Higgs
studies at LHC

Exclusive DPE dijet production Exclusive low-mass states

Jhyy = )
Much larger cross section ( is soft)

(same quantum numbers as Higgs boson)
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e+ p

Regge Theory

---'-F'-F-

=

e SOft /’omeron exchange

® (T (%}4(9‘?(“_1}

o ap(t) =108 —0.25|f
e Works for light VM

@ Vector Meson Production -#»

e+ VM (=p,w o, J/,..) (ory) +p

PQCD Models

e Exchange of = 2 gluons

o 0 x (0G(x, K?))?
o Steep rise of +G(x, K?)

» Requires hard scale: )°, i, 1

Wesley Smith, U. Wisconsin, May 23, 2005
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50 F — Fit
AA -------- FMS (CTEQ4L, A=4) H1
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50 100 150 200 250 300
C. Kleslmg W,, [GeV]

?5’1 , <02> 0.05 GeV? H 1 ?5’1 A @5=89GeV" H1 1

1 P photoproduction | ! |

1.2 1 1.2 o

1.1 4 14 -

[ 2 HLpeim. * ] Jf 2 HLpstm |

! -_. 2D-Fit ! -_ 2D- Fit elecfroproducﬁon-_

i 1 " 1 " " L " I "

0'90 0.5 1 1.5 0'90 0.5 1.5

it [GeV?) |t| [GeV?]

® H1 prelim.
A ZEUS

a(t) = ag + a't

o/ = (0.164 = 0.028 £ 0.030) GeV?

= (0.019 +0.139 £ 0.076) GeV?
— Similar trajectories
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w R C. Gwilliam  D. Szuba

... p?and JAy at high il

WISCONSIN —

AAAAAA

q

Sums perturbative series in o

Higher

—- Effective gluon ladder (*QCD Pomeron”) Poludinowski et al.
Order | . . . [hep-ph/03056232]
f f Can be described by BFKL evolution at low x [hep-ph/0211017]

exchange : :
g M __ZEUS
q . ! ! L] ZEUS (pl El } 96 l)[l

Tl
o = F — BFKLLL fixed «
H1 Preliminary (y p—=p Y) = - - BF_[CLLL+nou(L (ﬁxed‘}ag
nl.l; 1 :_IIIIIIIIIIIIIIIIII|IIII|IIII|IIIIIIIIIIIII4 ; \'..:._. [B)Eg;iznoﬂ(runningas}
(ﬂ:.; E e H1 Preliminary % 10 = Q2 ~ O Gevz
E —— Poludniowski et al. QZ < 001 Gevz E’
T10" | — Fitwith " L ) 1<|t| <20 Gev?
g rsmeoorre 1D <[t <10 Gev?  E
e ; 50 < W < 150 GeV
~10° | 75 < W <95 GeV ol
My < 30 GeV
B} My < 5 GeV
107 F a?<0.01Gev? \\ al 1
n s 10 N T T T T I I O T T T T T A Y
[ 72 < W <100 GeV '“% 0 2 4 6 8 10 12 14 16 18 20
M, <5 GeV 2
10.-4 Illllll'f;ll|IIII|IIII|IIII|IIII|IIII|IIII|IIII |t| (Ge‘ }

1 2 3 4 5 6 7 8 9 10
reer’ BFKL based model describes t dependence
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W DVCS cross sectlon at HER7-\

WISCONSIN 5 (Rl
(—|-p_>(_|_p_|_r\, SGIazov
e , 7 - e Generalised PDF: @
St T Hag (xEN) a(x).9(x)
p_._f;_,_p 1}=’;'JL////:"'= g Hag (x5.1) Aq(x).A9(x)

+ E and E: no PDF equivalent

Fix model normalisation

— — 12 : _
2 2 - e HI Q= 8 GeV*
- — 10 A ZEU Fl< 1 GeV?
S ) E LD Cob Freand e al % +
= 8 - MEST 200 .
& 1 - TE %
T 2 5 [ ._ =
o s | é
= © 4L é éi% $ T
b - -
° 2 :_ ;:111:5--- HJ
0 : 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 I 1 1 1 | 1 1 1
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W [GeV]
Sensitivity to GPD parametrisation ?
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w Future of DIS - T o

WISCONSIN = = = 1L

Key measurements:

- Hadron structure — JLAB, MINERVA, COMPASS+ fixed
target at CERN. Require large statistics — need subtle
correlations, differences of cross sections, multiply

differential cross sections — wavefunctions !

- Small-x physics — LHC, eRHIC (eLIC), ILC, eLHC.
Luminosity requirement modest. However, need
optimized (forward) detectors, high energies.

- Spin — eRHIC (eLIC). Requires large luminosity, high
energy to reach small-x glue.
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W Future DIS at JLab. . =5

12 GeV CEBAF

(and beam line)
Upgrade magnets

and power
‘ / supplies

20 cryomodules

Add 5
cryomodules

Enhance equipment
U in existing halls

il

WISCONSIN ) = :
MADISON —wﬁ—é T
‘ add Hall D

i
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m CEBAF Status & Plans il

AAAAAAAA
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CEBAF operation @ 6 GeV has provided results with

unprecedented precision on structure functions and form factors
(including strangeness)

Upcoming years will highlight precision hypernuclear studies,
standard model tests and . ..

The Upgrade to 12 GeV is essential to provide access

to new kinematic regions and will:

* determine with extreme precision the spin and flavour structure
of the nucleon in the valence region

* provide a totally new and complete view of the nucleon structure

access to quark angular momentum

* finally (after > 30 years) determine the origin of the EMC effect

* tfest our understanding of quark confinement

* and much much more. . . .
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W eRHIC vs. Other DIS Facilitiem

AAAAAA

New kinematic region fér polarized DIS
E. =10 GeV (~5-12 GeV variable)

. Q° (GeV?) o E, = 250 GeV (~50-250 GeV variable)
N I E,= 100 GeV/nucleon
- EHERA il Sqrt[S,,] = 30-100 GeV
‘. — Fixed target u-DIS il inemati
0 : get u : I Kinematic reach of eRHIC:
Fixed target e'D'S i q“_.agf; - X=10% —> 0.7 (Q2> 1 GeV?)
103? N\ eRHIC : ‘/!_:551 Q2=0 —> 10% GeV?2
10{_ Polarization of e,p and He beams at least
~ 70% or better
wE p Heavy ions of ALL species at RHIC
DS
1 [renmme { “st‘ft Luminosity Goal:
i nﬂ”mm L L(ep) ~10%3-34 cm2 sec™'
10°  10° 10

Key step: NSAC review 2005/2006.
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@ % eRHIC T

WISCONSIN 3 SR

X 10" fomt/sec - Variable beam energy
e L B B A + P-Uion beams
o 1o ' . . . . .
B Bf»:_( ;Ebﬁ b1 2GeY Light ion polarization
E10" . B W SLACSO - Huge luminosity
3 g - ELFE
10 SE .......... B BORm e Positron Hemisphere
10 14 : IC-Jlab EM calorimeter end-wall at -360cn:
: Electron lon Collider
10" ©  m Bates(int) —
10 12
" COMPASS EM barrel calorimeter
10 HER:'IES u B SMC HEl.'_\’A ] : covering z=+70cm
10 10 EM catcher calorimeter § ¥ #%
: TESLA-N at z=-110cm
109 I
L 1 Illlgl 1 1 1 Ll IIII 1 1 1 1 Illll 1 L 1 1
1 10 10 2 EM catcher calorimeter
CM Energy (Ge\/) at z=+110cm
Optimized detector design will make a
big difference in the phySiCS WhiCh Can Proton Hemisphere
. EM and hadron calorimeter
be accessed. Towards Bjorken’s FAD. end-wall at +360cm
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THE UNIVERSITY

WISCONSIN

MADISON

ILC & eLHC

. el ;. 5 |

ILC: high energy, so in principle e*e- gives access to small-x.
However, low rates, need forward detectors. Betteris e v, but

likely staged.

eLHC:

extends HERA
physics by 1 order
of magnitude in x.
Time scale and
cost acceptable ?

CERN AB 2004 079
CLIC Note 608

QCD EXPLORER BASED ON LHC AND CLIC-1

D. Schulte, I'. Zimmermann
CERN, Greneva. Switzen land

1 praton superbunch,
7 pertunch,

mnnmmnnnn . 208 proton bunches, __________ > # 19mlong
spaced by 38 ng
= o +« « = o N
108 SRe g {oeeio mug o gop
184 eleotran bunches 184 edectrem bunehes
- 4 e
apaced hy 0. 64 nz e spaced by Obh ns 4

Figure 1: Bunch filling patterns in LHC and CLIC for the
nominal LHC (left) and with an LHC superbunch (right).

Table 1. Beain Parainelers

Upg raded LHC and CLIC parameter sym:bnl clectrons protons
beam energy En 75 GeV 7 TeV
¥, _— bunch population Np 4% 10° 6.5 x 1018
‘jr s rms buneh length 0 2% 35 pm 1.’.. 4 m
s i }:6(*‘{)‘5;?":‘ - "“J&. s "  Dume ' (G aussm'u) (umigun_)
s Q"’/ S vJ*J bunch spacing Lrvaps 0.6? ns N/A
o ¥ mumber of bunches b |54 |
/N ) 8 effective line A 2.0 215
( y density 10“°m-* 102 m—*
h P 1P beta function B3y 0.25m 0.25m
L A - AL spot size at IP Cx,y 11 pm 11 um
ALICE" . S J ds” ” full interaction length IR 2Zm
)’\ cj{u?‘. uou‘u.. s emitlances Yex,y 73 pan 3.75 pm
o T s ia LHC-B colhvslon- frequency Seoll li'OqO1 Hz -
- ATLAS  icion luminosity L 1.1 % 10" em™"s™

Tty v
T Hantiog v b it s Ackinge

o hecam=heam tune shift Loy N/A 0.004

1.1 1031 em-2 gl

L perhaps higher with TESLA cavities

MKlein, 30. 04. 2005 DIS05 Madison

(L. Gladilinet al, hep-ph/0504008)
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W Conclusmns | Tegpr e

Structure Functions:
- HERA-I program = new precision PDFs, HERA-Il data & NNLO will improve
- Additional data from NuTeV, SLAC 158, TeVatron
Spin Physics
+ Polarized SF now from JLab, RHIC, COMPASS (Gluon Polarization)
- Many fascinating other results not covered here
Hadronic Final States:
- Pentaquarks seen by some and not by others...
- Jet measurements precisely determine og & check NLO
Heavy Flavors
- Improved understanding of jets and heavy quarks
- NLO (NNLO) explains F, for ¢ (b) quarks
Diffraction:
- Moving towards consistent picture of inclusive diffractive DIS
- VM & DVCS constrain the generalized parton distributions
Future of DIS:
- Many opportunities: 12 GeV CEBAF, eRHIC, LHC, ILC, eLHC....
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