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Spin (incl. DVCS)

Diffraction

Isclated Leptons Update
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Structure Functions

e Final 1996/97 Fy(x, Q%) at medium Q* [ZEUS,H1]
e NLO QCD fits to determine ex, and g(x) [H1,ZEUS]
e New high Ey Tevatron jet cross sections [DO0]
e New Fa(x, Q7) data at very low Q° via ISR [H1]
e Longit. structure function Fr at low and high Q* [H1]
e New F) data at low «, Q* |CCFR]

® Photon Structure:
New LEP data [Opal]
— High Er dijets in phatoproduction [H1]
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Inclusive DIS at HERA
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ZEUS/H1 final 1996/7 Fy(z, Q%) data

ZEUS+H1
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ZEUS/H1 final 1996/7 F:(x,Q?) data
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H1 and ZEUS NLO QCD fits

H1 [published]

- use l|epton-proton target
data only; H1, H1BCDMS

— parameterize axg, V(x),
A(x) (effective valence and
sed )

—~ 5/4 parameter xg(x)
(H14+BCDMS / H1 alone)

- QF = 4 GeV?
-y, = 0.115
— FFN(3) massive heavy

quark scheme (PGF)

— Careful treatment of point-
to-point  correlated
errors (Pascaud-Zomer)

syst.

s Systematic offsels

determined by fit

- Scale dependence
computed =£=0.005

ZEUS [preliminary]

— use ZEUS, BCDMS(P—FdL
E665, NMC (ptd), CCFR
(xF3)

— parameterize g u., d.,
xS, #(d — u)

— 3 parameter xg(x)

— Qg = T GL".UE
-, = 0.1172

— VFN (Thorne/Roberts)
heavy quark scheme

~ Careful treatment of point-
to-point  correlated  syst,
errors (Pascaud-Zomer)

— Systematic offsets NOT
modified by fit

— No scale dep. evaluated 351‘
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ZEUS xg(x) (Preliminary)

ZEUS
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Comparison: ZEUS and H1 zg(x)

H1+ZEUS
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En_ﬂ-‘-ﬁ*ﬂffn)rj

o, from NLO QCD fits (H1/ZEUS)

A = 0480 T 0.0 Clos oL eublass
[M“ ) o P31 § Batha q‘?]

ZEUS H1
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errors: | & 0.0008(stat)
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+0.0009
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High Er jets in pp (D0)
d*c /dEypdn (fb/GeV)
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New F.(x, Q?) data at very low Q* (H1)
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Lonf tuctynal Spructure Tanction

L:Fr. ~ SR

@Kg(xj

New #r measurements at low/high Q% (H1)
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New data F¥(x,Q?) at low z,Q” (CCFR)

[th‘EﬁIOQﬁJOﬂé/J

CCFR F,(x,Q%)
2 [ i e 1T T ......l 2 P 7 v - T
i L x= (045 , o
1.5 . 15 L i [
l E = 'I = :f H=|.-H-|r.‘r -
D.S bk G i g bpagel 0 ---n.ﬁ_ | P SEPLITN S S & i bl
10 100 l 10 100
i ™
o % 3
1.5 | ry 1.5 tII
wa L |
by "
1 & : i f x= 025
g it i o o i P -
| I lvnn:}2 1w 100
& =015 Ii
15 | 1.5 }II .
i Ir 1 x=A135 -
0, RETTD i sl LS el 0 a i .
: | 10 100 1 10 100
Q" (GeV' Q' (GeV')
) - J
VEW ME

¢ ey measuremént al [ces X andt CQE

e NMow rﬁ&ff’émem* e ?{" [vne, fees ]
for X 20,0425

DIS 2001 Highlights, F-P Schilling, DESY Seminar, D8/05,/2001 1448



Photon structure at LEP and HERA
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Photon Structure: New LEP data
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High Er Dijets in vp (H1)

Measurement of rff’
T
Difference between data and theory:
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ag and g(x) from Jets

e New result:
— 3-Jet cross sections in DIS [H1]

& New result:

~ e, from subjet multiplicities [ZEUS]
e Gluon density from jets [H1]
® ¢, measurements summary [ZEUS H1]
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3-Jet Production in DIS (H1)

Ratio of 3-Jet and 2-Jet Cross Section: R .

e
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a, from subjet multiplicities (ZEUS)
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g(z) from jets in DIS (H1)

Determination of »qg(x)

% 2 Fyoocom u-zoogev?| @ Jet cross seclions directly sen-
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v, summary (ZEUS,H1)

Ll I 1 L] ] I ! ] L] i i
—bt—+— Experimental errors
"""" Theoretical error
e 7EUS (prel. ) 96-97 Incl, jets
—®™ | ZEUS NLO-QCD fit (prel.) 2001
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—Het | ZEUS dijets
(hep=ex/0102042)
_[7®*_ Hllncl jets
{(hep—ex/0010054)
i L H1 NLO-QCD fit
A0 —1* (hep—ex,/0012053)
. PDG 2000
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0.12 0.14 .16
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Heavy Quarks

e D* cross sections and Fy measurements [ZEUS,H1]

e b cross section at LEP [L3,OPAL]

® b cross section in photoproduction and DIS [H1,ZEUS]
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Roson- Gluon
"zl- = :FH-SJ'DH
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New measurement using semileptanic decays:
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£y (H1) 1,7 not an ohservable)
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6 cross section at LEP
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Production of Open Beauty at HERA

QCD calculations available in NLO
e e e &= 1y — 'massive’ approach
(b produced dynamically in hard subprocess)

Lk e ® ~p: 'FMNR’ (Frixione et al.)
g b
@ DIS: 'HVQDIS® (Harris, Smith)
P X

@® necessary ingredient to
understand proton structure NLO corrections

large in both cases

® b mass provides hard scale, ie.
good testing ground for pQCD

1 Hrossberg Op=n Beauty Production at HCRA 132001 1
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Open Beauty at HERA(I) : Photoproduction Cross Sections

new data and new methods — ~p results confirmed and improved

ZEUS: electron pi°' analysis H1: muon lifetime — pi** analysis
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cp—etThX —
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Beauty production in DIS (H1)

Open Beauty at HERA (1)

® first measurement in DIS:
105

« Daim L
H1 * oo {pral)
— baauty
mm charm + ke

Muons / 0.2 GaV

] 1 - ] 4 & 1 0B 0 008 01 015
poal [ GeV ) Impact paramaeter & | em |

ep — bbeX — X' cross section in visible range:

Tyig — [ﬂg + 8 (.St'ﬂ't*] + 10 {Isyst-.} ] pb ‘

NLO QCD: & = (11 = 2) pb

® all measured cross sections above NLO QCD I
—+ discrepancy theory <+ data further estahlished

—+ now seen in ep, ~p, ¥~ and pp interactions u

J. Kioseberg Open Beanty Praductan at HERA DIszogr 17
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Spin

® Status of g4
- HERMES low @ data [HERMES]

[valence / sea deccmpnsitinn]

® T[ransversity [HERMES]

e DVCS [H1,ZEUS HERMES]

1/2

~30% =0-10%

7% 7%
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Spin: Introduction

Quark number density: q(x) /\/\;{\/\
(@

Fixi=laz Ei (a(x)+q(x))

Quark helicity: Aqg(x) ’\/J\/‘} @ - @

g0=12% eft{aqt;xjﬁ-ﬂq"{xn .
Aq(x)=(g (x)-q (x))

Quark transversity: aq(x)
hy(x) = 112%, ei(aqmma(xn A T@ = ®T

Transversity:
~ dq: distr. of transverse quark spin in transversely polarized

nuclean
- &g # Aq due to relativistic and spin orbit effects
— hy never measured so far, chiral-odd !
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i

: New HERMES low 1 data

25 —

e o8 T xm(.0778
2 -—-r"‘aﬁ'” }F x=(,122
amnt P
B ___-..chr""'._l.
i G’ ][, x=0,173
15 | o Sl S SR
: x=0,245
- -— = q-';""""%'--“r---
1 x=0.348
~ i et R LR L -l =
E155 prel
O y=(},. 440
E143 o i [ —
05 | v
| @ HERMES p—
e L i .
[ (0 HERAMES low-x prel.
u L i Lol 1 1 i 1 I | 3l

———
X4 x=0.0063 ]
Q 3 ===--  phen. fit
¥ L
g 1+ Yr EMC
4 - s x=0.0141
H 3-5 e ]-:E P . * EME
nﬁ B ‘!" i '-“-J
o [+ 1.

i x=0,0245

-1

[ | x=0.0348

~) fcnﬂﬁnj

1 10 ) 1n:
viclation ¢ Q° (GeV")

DIS 2001 Highlights

. F.-P Schilling, DESY Seminar, 08/05 /2001

32/48



iy L*'-‘m:'f:r_)

Transversity: First results

Single spin asymmetry with long. polarized

target also sensitive to 6q(x) H;

$pin depenolence oo
of aeimuthal 0o

odiSHr. Of leaotiy
pion <

Q.02

a

={.02

=il

(.06

—mn

0.08
C.0< -

0.0z

-0l
-0.04

=008

: - t + S =
+ A=+ Fyain g,
P, = 0.003 &£ 0.004
Py = =000 £ 0.C05
|
—-m o]
@

J.l[].),q

EllF£ |5 Sr~ 15%

n’

-

..-—"”+/I M‘H‘h

A=P, & P e,
P, = <0007 £ 0.003
Fy = 0.020 + 0.004

ST e
| +

|
4]
¢ L

m

(z) Calling Function

f .|]'m_r_|ju~ ]‘Jl}L

{rﬂj. func )

of 7l arounsl ¥ * odirection )

e non-zero asymmetry for 71, 7°; difference to

7 predicted by Collins (u-quark dominance in
valence region)

=) Major physics Yopic in HERNES run [

y
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4Ii..mﬂ.m.__w. - e ‘ epp ﬂ ~ Clean process
. W -
X4 — _.&.._. i - &1 “u. &Eh_u =D ealc.

= : g —
— e auailobie  [A . treund)
X X DVCS (ZEUS and H1)
ZEUS - first observation of DVCS H1 Cross section measurement (Coot.)
D Accass +o o sclectinn eritesia: B > 160°, 5 > 10 GeY HW 10? . imidiiki
L . s 1R, By >3 0V
ﬂ_m__._m_.h._n.;n& ﬂ.._uld.“_ .J._w. — W m BH + DWCS (FFS)
LR 1 - BH
S [— L B
PD¥'s ; oA & B e wﬂ Lo
MC:t slope  450eV M 1
ﬁﬂﬁm ﬂE__ﬁE ZEUS 19T Proliminary
3._ Dhﬂ_—_hu m_.l... ...:..E-.E-i* S [ ycandasies +_ E._
H_Hw (&) _t.n _Im {3 + _

: £
i S ity
- E Tan

2

."utm.[.r[tm rlm_nﬁmwm

£ 5
i
E
deidW [ pbiGeV |
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G ~ |Ducs)t+ IBH)"+ [RH*DVCS)
=y Gp. aceess o amplituote Lia ¥ asymmetry !
DVCS (Hermes) (M. Uincter,

L 2-(N*(¢)=N(9))
Aru() = (B - (NT(o)+ N (@)

N* are the normalized yield of events with
positive and negative lepton beam helicity states.

ep ek (DA< M, < 1.4 GaV¥)

0.6 FIT BY: P1 + P2 sinfu)
P1= 007 =0.03
P? = -0.20 | 0.05

0.4 7nett = 1.49

Enu aS&mmﬂi-rJ

02 'Jf—i—:(b“ ohsetveol i f
+ | \—in\%ii [/_'I_ My # p]

0.4
l: HERMES PRELIMINARY

Single Spin Asymmetry

uncorreclad far :nr"i.‘:"i"'g and :::ﬂpr.ﬂ al-1.]
| BT PO Y PO IR MNP A [N VU MW LY Y Y T W T Y (N SO NP W [N TN N O T |

-3 -2 -1 0 1 2 3

¢[rad]

= Hot Yopic for HERNIES ran ]l :’
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Diffraction

o Odderon [H1]

@ Factorization breaking?
a) p-diss. p meson production [H1]
b) Leading baryon production [ZEUS, H1]

® Hard Diffraction in DIS:

— Event shapes [ZEUS]
— Dijet production [H1]
— 3-Jet production |[ZEUS]
e Diffraction at the Tevatron [CDF,DO]

= eﬁ"?'/
% 'a'*
: ,p//.l’*a
f
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-|—AJ-—-Tru|

u}g Y
—— 5 Searching the Odderon (H1)

THE SIGNATURE

< = Eeductivn
ep —»> e "N - No Bethe Haitler
“ : = Ma Tracks
N —=nX T Y = Energy-Momentum
Conseryiaion
SpaCal
. LY |
ENC Lﬂ v | i}
B B 00, A
[ ] B m
H ElAG
| Simple Sketch of H1j
SRS _i A 4
Mootal: NSV (Stochastic vacuum)
[ Dosch , Va chtmanh | Berjer 7
E .|”IEH_."“ < 44 nb {H1 preliminary)
E L 4N0 ks [MEY predictlan)
3 1 Jﬂ ® 2 Fluals o 108 Slocarse Wadius
L L T LG ML, AR risnreted 1 the veakle ¥ ranga: 0,00 Gl s 2 0 G
: 13 < 0.7 and F < 000 e
; { . Wy, = 200 Gt
D; o1 04 M reutron tagped sad extraptiatad via Clabsch Gerdan farmalem
M [eit")

= This O rulesd ol !
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Factorization breaking in Diffraction?
(H1,ZEUS)

Leading Baryon Production:

ZEUS LPS:
Fiaction H1 FPS: ZEUS
i PRLL. §IBE o wm e *
aln[m Laadirg Protan Baba = é I|1.: :
a8 £ i i TR I' pai), AR E '.:7 O {
: I ~ ggs
mis § 1 ;g; ) - il e L
nn:-il’-‘ﬂ { f € ’ ! u‘:;lu'l 'Q
:rlill.ll + L !.:III T I .
£ | ZEUS FNC:
K13 " =0 829 " 1=[.578 IEUS
o g‘ ‘ E gh ! i g, « TELS {prad) 4587 q
os I ) I w | i n A j
fad 51 PR Tt T 9 - 0,64 <x, <0.82
I: ¥ 1 F: 2 d
Dok e Ql T R R

R @

Proton dissociative p production (HL1):

“*p = Y

Ratin p-Diss. / Elastlc

21 e m.oh a0

i”gtﬁfi:‘;:# o Breaking of ﬂqf,m:

f : 1 factorization I?

e o

: ﬂf ; [———
S Aot pbsparveot

H1 palbsmgal e ol slas ke deia
Torms presenl analysls

Sipy rise for ° 5

Q* rﬁa;in QT'

O GeV®

Sach profl guntlod ledore
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Event shapes in Diffraction (ZEUS)

Event shapes In diffractive DIS
Protan is tagged using Leading Protan Spectrometar (LPS)

4 < 2 2160 GeVv?, TD < W < 250 GeV
0.0003 <« ap < 0.03, 4 < M+ <« 356 GeV
13.8 pb~t, CMS of hadronic system .X)

[Mean thrust value (< T =) as a function of My

i
4
I; -l  TEWE M, 14X
- ER T T
el — Jemar ik
a ———
|- g =
i .

e L]

L=

= Tﬁ' i |- *""-F-‘I
ry =R | e

prf
(7 : max T(A)) e

P TR T T T G WV T T Y W W S
1 " = ] a u

M, e

1
" TR 0p = iKn |
£ WS op e T

—— R rosalieid [P

e er .‘"'HF"“G'

---- SATRAP

-~ RIM -3 _____:I_J*__a.-

it 1 i Li il ik
]

il [
a < T > now agrees with H1
<= Definition of HFS changed such that short life time
particles such as D+ are decayed.
< T > becomes larger as My increases
< T > in diffraction is smaller than in e+e-
Resolved pomeron model (RAPGAP) describes data

g part only is too narrow ~ g+e-
= Importance of 4y contribution in diffraction
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Dijets in Diffractive DIS (H1)

F.-P.Schilling, DESY Driffractive Jut Productson in DIS - Testing QUL Factorzaton

Diffractive Gluon Distribution

Dijets directly constrain shape and normalization of g*

H1 Bifh'a:ti“ Dijets

},5- 1
M
= 1
5 [ - H1 Data
it r T
£ 600 [ F o HA i3
N g . - ACTW D
g 400

200 F "L

0 02 04 06 08 1

[res. 4*, IR and quark contributions small]

e H1 fit 2; very good agreement with data
@ H1 fit 3: overshoots at high zp
e ACTW-D: too high

= Strong support for fully factorizable diffr. PDF's in DIS
which are gluon-dominated with momentum distr. flat in =

Proton rest frame picture, ggg 3> qq states

DIS 2001, Bolagna, 047001 4718
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| T.Yama Shita )

3-Jets in Diffractive DIS (ZEUS)

Jet shape in diffractive DIS 3jet evenls |

s Tl W
E .; : EEUE fpiel) B0—03 1 E_JET! :=6|'E ij:l
B 1] & o bavka e i el P(F) == <3; EJ | )

m T = YT SO e
=E W
o & 3 ~ Same k). distribution
1o £ most farward / backward jet
N - - &
PR e e
o (GeV)
FELIS

ZEUE (prel.) 98—00
B ool hookward jet

Y 7 gl Lormrpret s

i—aﬁ RAPTIAP - CIM

i sxs pumnl Backword jek
133 F
] === rrogt forwarr je|

E > 9 GaV

| =]
E3
m
LARA L LR | LLAN RS
i

¢ {radiana}

s Most forward jet is broader than most backward jet

» Data are described by the model where g is emitted
to the IF side and one of ¢ Is emitted to the ~ side.
= Supports the picture
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Diffraction at the Tevatron

Diffractive dijet production;

" =3 N
- D__? é'—" n:El = H1 iR t CDF data
% "-l-“m “= H1 fit-3 EfE . 7 Ge
‘E E (0'=T50eVE ) 0.038 <£ 20085
” 5 |t] < 1.0 Goeve
2
_ 10 ¢
e { i il
o1}

Tevatron Summary:

.:nrra:rtn-:l with hard glucn W0

i:fr ) 'Ffl' [fj

unﬁmn:w i
2:-- I 01890 Gev L[
nén-= I}{I.'I'FPF‘- UL U A
S M R I
2 Pt |
1.5 FonrHY * it ,ﬂu...;Ll_!..:..I..g. :
LT 3141
1 T = o s
B L L] | COF
L G i
E— iﬂTﬂ-ﬂDiltlHER.ﬁ.,r'ili',l [
gk waidil i ] P |

A
= {}‘F HERA

E.a{‘frnpnr{ﬂnﬂﬂh »

HERA <> TEVATRON: Factorization badly broken!
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Isolated Leptons Update

Standard Model ¢ + P events

& W mostly photo-produced — low(ish) Pr
P is measured from hadrons — Iy

e Standard Model (QCD LO)} vlep —+ eW=X) = L2ph™!

e HERA experiments accumulated 120 ph=* fexp.
-~ 30 events already produced in each detector
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Isolated Leptons Update (H1)

Ew'- H-:':‘I.Iﬂllitlﬁ ['# “Hip-nnnn:l Cf}m L ;n :d

10 e +ﬁ

w0 1*—-— -

I T B S
P Go

_a——————————————
Mew Dintn since Osalm: extra 20 ph™1 o%p 00 B — U200 GaV

4 new W candidates in e-channel (le* @ F7 20 GuY)

H1 84-00 Electrons Munna e+ combined
faep SBLER 3 |
Pi>0GeV | 10/78 =19 ﬂjz.ﬁ:u:'? '15,.-“111_5:2..';
Bitaain fouly W 8.2)
Pr=liGeV | 5/268+0T |8/268=0T 13/51+13
4ca0ea {only W 4.2)
Pf>2GeV [ 4/024+03 |68/1.5 04 20 /28207 &= Ahﬂ“"i
Sirnsis (ouly W 2.3) | fvenT &¥ F;- 2
FrodGeV | 2/04401 |[4/06+02( 6/1.0+04
B 2 ngia ~ (only W 0.83)

6 high PY » 25 GeV ; 10/2,8240.73
04-87 data 36.5 pb™' B events 35u (21,2717
89-00 data 65.1 pb!' B events 4 e and 1

H1 98-99 &=p [ 13.8 pb~'} Data: 0 Shd: 1.78
L (el 46 = 0.30 032 4 0.0%)
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Isolated Leptons Update (ZEUS)

ZEUS prel. Electrons Muons
19494-00 &:I:;p Observed / Expected (W) Observed {Expected (W)
130 pb !

Pj}% ~ 25 GeV | 1/ 1.4+ 0.06 (1.10) | 1/ 1.20 + 0.16 (0.95)
Pp > 40 GeV 0/ 0.46 £ 0.03 (0.46) | 0 / V.50 & 0.08 (0.41)

=> » A4 SHIL gees excess
v 26u$ olces et

=) bpwoiol 07 o nuworsl
Hmciuaz‘fﬂun 2

= HEpA Jl
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DISclaimer / Acknowledgements

@ |t was impossible to cover everything!
e Mot covered today:

~ Vector mesons

— High Q* NC/CC cross sections

— RP-5USY, Leptoquarks, excited fermions,
extra dimensions, ...

e Sorry to all whose results were not shown
® Thanks to all who helped by providing plots / transparencies
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— Rosario Nania
— Peter Schleper
— Manuella Vincter
— Jim Whitmore

— and the organizers of DIS 2001 !
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