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Soft Interactions

ICHEP 2000, Osaka
Peter Schleper
DESY

e Photon Structure
¢ low-x Physics
e Diffraction

e Spin Structure
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QCD is right: (previous talk)

{p: partons, scaling (violations)
ete™: gluons, a,, ...

pp: small distance QCD

— QCD is predictive for hard interactions

QCD is difficult:

Agcp Z ™My d,s, gluon self-coupling

— O, large

low scales: pertubative QCD not applicable:
hardly any predictive power for:

e confinement, hadron structure, photon

structure
e fragmentation

e total hadron-hadron cross sections,
elastic scattering
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Important theoretical progress:
e new factorisation theorems:

— unintegrated parton densities

- new QCD dynamics
e skewed parton densities
e proof of factorisation in diffraction

Experimental progress:
e high gluon density <— low-x proton

(HERA — LHC)

e hard — soft transition: photon structure
(LEP,HERA)

e hard diffraction (Tevatron, HERA)
hard scale processes for confinement

colliders dominate field of soft processes

Major field of activity in QCD:

Soft Interactions ICHEP 2000 Peter Schieper
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Example: v*p — X
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Example: Vectormesons at HERA
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Factorisation in QCD

1) Altarelli-Paresi approximation (DGLAP)
Assume: strong kr ordering:

Q? >> kr; >> krji—1.e
— factorisation of hard and soft component:

o=) 6XJfq

.::n_ ki 6-
------ x';- q ‘?;‘-“-i‘#ffj“d St
| fq(z, Q%)
2oy ki collinear sum:
x"l' Wy Z In Q2

e DGLAP basis for 'standard’ QCD (o, ...)
o DGLAP must fail when:

~ Q” too small (how small ?)

- & too small (phasespace!)
(long parton ladder—no k7 ordering)
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Factorisation in QCD

e
e.g.: forward jets: P

no clear ordering of X%
Q2 and k%w *Mi?lfd g.t‘ll

T

P @7 Protan mnnu

Better: angular ordering

Unintegrated Parton Distributions:

f(z, k%, Qz)
DGLAP BFKL CCFM
ordering | kr x angle

small x: NO kq
large x: ~ kr
pat | f(2,QY) | f(z,kE) | Flz, k2, Q)
D In Q? Inl/z | InQ%*Inl/z
valid Q? large k2 ~ Q?
x notsmall | x small @ small
kr >> Q* (only Py,)
kr << Q2

Badh labasas bl oo IMSLIE™ ARAn [ g TN S T T ———_—
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Outline of the Talk

e Proton structure at low Q* and low-z
gluon at low-x: HERA — LHC
transition Q* — 0

e Photon structure
F’5, heavy flavour from LEP
jets and gluon content from HERA

e QCD dynamics:
virtual resolved photon
jets, charm, HERA,TEVATRON
¥*~* from LEP

e Diffraction
jets, vectormesons
HERA -TEVATRON

e Spin
Transversity (short)

emphasis on QCD interpretation of the data
very little on phenomenology



Proton Structure at low-x

Motivation: 1) QCD dynamics (see above)
2) Parton densities

LHC parton kinematics

¥y = (M4 TaV) explty)
§ q - M

Me10TeV -~
. A
r /
JM-z‘ryf

|

¥

W NG b
|
y- fi E I 2 4]

L

M 1V GeY [ .
Y HERA
|
2 "/ ;

@ w0 4;.14:”.}- ;,g-.."'.n' o
requires gluon density at and below

z =102

only process: Deep inelastic scattering at
HERA: z < 10~* implies Q* <1GeV

| showcase:
{ Higgs at LHC
| Mg >108 GeV.....
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Proton Structure at low-

New data sets with upgraded detectors:
H1: silicon tr. + spaghetti calor.

Q? > 1.5GeV

ZEUS: silicon tr. + calor. close to beam

1 0.6 > Q2 > 0.045GeV

HERA data on Proton Structure

2 = y
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Proton Structure at low-x

ep — eX atlow Q%

d’o | 21 o®

dz dQ? zQ4 [Y+ - Fy — y2 FL]

withQ? = 2ys, Y4 =1+ (1 — y)?

to first approx: F3 (:B1 Qz) == qu egfq (:B, Qz)

and Fy (z, Q%) contribution is typically small.
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H1 analysis of Gluon density at low-a

¢ Very detailed NLO QCD fit (DGLAP)
e only H1 data, no corrections for fixed

target data needed
. _H1 preliminary |
F"" 8 x-_mimansh x-mbnms X = umaz | X - camsz
2’ ! — 4 _ / //
am e fl, /
~ x.. 4.9
0 L — i i -“.._
15 L Xe 0.0008 | X = 0,0008, f_ X =0,0013 ‘- X = 0.002
e E - 3 £ E
0.5 : ; 1o |-
, . XN=00032 [ X=0,008 r. X = 0.008
- T *H1 96=97
1 / ; | EIH1 QCD fit
. ' E .-"'" .
0.5 [ "M *4#-1. =P2(InQ%)
D ! saald hal b2 ] bt
1 10 1 10 1 10

@z Q?/GeV?
F, rises with Q*: g — gg, qq splitting
slope dF,/d In Q2|;1: ~ ;g +— gluon

“
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Slopes of F2

expectation: slope dF,/d In Q?|, becomes
smaller for small Q3

7 H1 prelimina
dfs | 5° ot
G = a0 Bav?
d j" e X 5 0.8 - o w10 oRV soes M| BE=B7
OF =4 GaV* =M1 Qeh M
0.8 @ =36 : ‘/ 2
IS frng,r v ] j-r'ilf (4
0.4 2
0.3
D2
o
0 — *
'l'ﬂ*‘ ID‘S 'Fﬂ-i
X

H1 preliminary

D".
a5 R
J_L Q2 . a1 40

| - L] !
':I."t | W-QWGNI

.fhu.r a/ jh"‘( W

QCD fit works down to Q? ~ 1GeVZ.

Fit result dependence on Q2 .
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H1 analysis of low-x Gluon density

H1 preliminary

Q*=5 GeV?
A j(ﬂf? Fit Gevi

== | Q 1.5
b Flt Ozmm-’ 25 Ge\r’z
| Fit H1 Ozm""= 3.5 GeV
| Fit (H1) Q.= 5.0 GeV?

exp. error

10 10 10 ° 10 . X
e 107! > z > 10~3: gluons contrained
from H1 data alone to ~ 15% precision

¢ 1073 > & > 10~*: QCD fits works, but
solution for zg(x, Q*) more uncertain

e T
Soft Interactions ICHEP 2000 Peter Schileper



Gluon density for Q? — 1GeV?

ZEUS 1995
NLO(WIS) o
— Q’m.,-.-'iﬁofe a?.,,-m.v:
40 40 QQ:NG.V:O - Q° = 20 GeV

3030 Q°=7Gevi0 Q? = 7 GeV?

0 0%

10* 10° 102 10" 10 10° 102 10" «x

e xg(x, QQ*) becomes 'valence like’
(drops much faster than quark density)

e physics or artefact of the fits ?

e NNLO estimates show very large
corrections to g (x, Q?), much less for
observable cross sections.
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Transition to Photoproduction
Q>*—0

ZEUS beam-pipe calorimeter/tracker data
ZEUS 1997 (Preliminary

4 ZEUS+H] 94.98 - Dl
s ZEUS+HIA ~ DLYS
o ZEUS BPT'1997 — ZEUSREGGEY?  ALLM97

tof . L WIS1GeViam

3 Wf-‘f* e S T
W32 GeV oy

extremely

low x: 10~

for Q*

0.045GeV?
: ﬂ'ﬂ?iﬁﬂ"w_ll_'
:_wﬂ.‘ﬁf_-}tv;]ll k
._ W=18 eV :“"”
)
a

soft: o independent of Q% as Q% — 0
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Transition to Photoproduction
Q* — 0

expectation: slope dF,/d In Q?|, becomes
smaller for small Q2

ZEUS Preliminary ¢
Fy & ™ —Q fl._wr |
o fz ?a.a - 8’;.3%5% 19 ‘
- * Q=19 CeV’ . ¢ :
a(fqd 0.8 |- ® Q'=4.8GeV \ .
® =12 CeV " bl
;‘a,? & ('=30 CeV’ -
0.6 s
0.5 ﬂ J'un-?ﬂ Y
0.4 0'3 * L] ¢ * "
: $ |
03 ¢ ? " t e
0.2 el e . =
107> 10 107

e observation of transition to
photoproduction at / below 1GeV?

e no change of x-dependence at any
fixed Q?

e Saturation of gluon density ?
Q? > 1GeV?: not observed
Q* < 1GeV?: difficult (if possible at all)
to disentangle low-x from low Q2 effects.
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Transition to Photoproduction
Q*—0
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Photon Structure

Quantum fluctuations of real -y into gg

direct + point-like  + hadron-like

WMW

e direct and point-like part predicted
e hadron-like part needs to be measured

LEP: ee — eTe v*y — eeX
~* measured via electron: Q?
hadrons (X) used to obtain .,
e Previously: large uncertainties due to

insufficient simulations
¢ Now: Major improvements: event

generators, 2-dim unfolding in ., and 2nd
variable, detector response for hadrons
close to beam, kinematic constraints —
major improvement in systematics, better

consistency between experiments
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Photon Structure from LEP

Expectations for Fy':
e rise for all ., with Q? dueto v — q§
¢ dominant point-like part at high .,
¢ exceed point-like component at small x.,
e rise at very small ., due to gluons
(hadronic component like proton)

L T v e
— s 3 L¥9 OPAI ¥ JADE * AMY — GRV1LO)
ol "2 o " LA ¢ PLUTO © TOPAZ -** ASYM
4 DELPHIL (pel) & TASSO  » TPC *++ Qa¥1D <X>

&4 ALEPH (prl)
|

ME. -2
f |j=® 000

L7

§ Lo og0

;EI'L.!!
4 =4 038

3 |=1 DNRE «

L1 Bess « =

. -
!

e LEP2: extanded kinematic coverage

e consistent results between experiments



Photon Structure from LEP

large x~
s 38 ¢ —— —— . '.Q'fv."{':'f.r.
’E' : ¢ OPAL (0.1 <x < 0.6) Y TOPAZ (0.3 <x<0.8)
228 - + AMY (03<x<08) 4 ALEPH (0.1 < x < 0.6)
- ® JADE (0.1 <x < 1.0) Y L3prl. 03 <x<0.8)
= DELPHI prl, (03 <x < 08) 4 PLUTO (0.3 <x<0.8)
(78 ¥ TPC(03<x<06) L TASSO (0.2 < x < 0.8)
-+ GRVLO (0.2<x<0.9)
1.5 F= GRVLO(03<x<08)

- = GRVLO (0.1 <x < 0.6)
125 F. SaS1D (0.1 < x < 0.6)

: HO (0.1 < x < 0.6) |
ASYM (0.1 < x < 0.6) ) | I P

2
Q  QiGev)

clear rise of F, with Q? also at high z —
point-like component
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Photon Structure from LEP

0.6

04 |

a3

n7s |

s

028 |

e
% OPAL, <Q :-mmw
v nrm,-e:o’:n-amw’
PLUTO, {o*a-u GeV?

W

T L] T T LI

O~4a

DELPHI, «Q° =120 GeV’
L3, <QF>=10.8 GeV?

Raagsa==F=p 4 3

YR

—-rnv l uo‘-u H.fv' W
-GRY Lnu =120 GeV’
SASID Q° =120 GeV?

- - WHIT1 q =120 GeV’

- QPM Q=120 GeV®

L] L I
OPAL, <Q*>=17.8 GeV?
OPAL, <Q°s=17.5 GeV*
TOPAZ, <Q*>=16.0 GeV

L3, <Q’>=123.1 GeV’
ALEPH, <Q°>=20.7 GeV*

Q%20

L] L] L) L | IJ' J| : : T
=GRV LO Q*=160 GeV® )

<+« GRV LO Q*=23.1 GeV*

SASID Q=231 GeV*
-« WHITI Q*=23.1 GeV*
- QPM Q=231 GeV?

107

A0™*
e hadronic component seen, but not yet rise

of F,) at very low .
e data consistent with e.g. GRV(LO)
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Heavy Flavour in v*~ coll. from LEP

direct handle on
gluon content for

il z., 2 0.11

direct : Resolved=1: 1

g 103

<
¥~

& on2
'@ 10 @
.g 8 L3 lept., prel
+° & !ﬁﬂ EPH lept., prel.
: E} L D*, 4 direct only

T O ALEPH D"

' » 'Jﬂ Q?
2 10 . ;Enélg Jwlept f

@ A my=4.5 GeV.

e SREY e

1o 50 100 150 200
Vs (GeV)

nice agreement for charm, bottom too high ?
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F£ha™™ jn ~4*~ coll. from LEP

- L e e e iy L e ) e T T e e Eoii
= 10 &+ ALEPH,/s=183-189 GeV (prel.)
$ I o OPAL./s=183-189 GeV
i v L3, v’f-m GeV .
= In" 1< 1.5, ee¢ —=e'eD'X
A ™10 NLO (massless, Binnewies et al.) _|
g GRV,m_=1.5GeV 1
p=Re2=Em; ] good
—— GRV ]
........ AFG
I -GS 4 agreement
fie—D") = 0.267 °
=016 1 \yith
-1
10 £ NLO (massive, Frixione et al. 7GRV (NLO)
GRS, py = 2m, fle—D") = 0.270, ¢, = 0.03 E
upper: m_= 1.2 GeV, i, = 2m(dir),m/2(res)
] lower: m, = 1.8 GeV, u, = m/2(dir),2m.(res)
Iﬂ e e = === e = | EEENESTVES . |
2 4 6 8 10 12
D=
P [GeV]
g <Q%s = 20 GeV* -+ rlwu. (h) I
bou b — GRS-LO : NLO (Laenen etal) 3
" -« NLO hadron-iike ]
first % _ — el f
Fch.arm ' 02 E
2 -

b B e LS D Py v e W e el
-3 = | ol
n ] 10
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Photon Structure from HERA

Use dijet events to probe -y structure
e low ., — low Er ; < underl. event

¢ high ., — high Ep ; < cleaner
see talk by R. Nania

Here: H1 analysis at Ep ; > 6GeV
— low  to see rise of parton density
after subtraction of underlying event:

e
-~

¢ H1 data
— PHOJET (GRV)
- PYTHIA (GRV)

e
-3

o
in

e
&

do / dl-oglxr w Inb|

e
&

=
o

-
=Y

large sensitivity to gluons at small x
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H1 low-x Photon Structure analysis

Em
<« e H1 Data
gﬁ e
effective par- o ws— <Py?> = 74 GeV2
ton density g T %
o
+ 3 "
( ) T, 4 gr
2
S . P
o1 X N
g 7 ® H1 jet data
o O M1 single particles
% . | — GRVO2
i o GRS 99
gluon density :; v
(quarks sub-
tracted)

* .9

10"
o1 X Y
Clear proton-like rise of gluon density visible.

Hadronic structure ! Limited by knowledge of
underlying event.
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Conclusion on Photon Structure

New and very decisive datasets available
NOW for a big step in the determination and
QCD interpretation of the photon structure.

e LEP
- F,) for quarks, charm + jets for gluons

e HERA
~ jets at high/low E7 and - (q+@)

Note:
zy < 0.2 | Fy q ~ GRV
HERA jets qg+9 ~ GRV
x. > 0.2 | HERA/LEP jets | q+g | > GRV
F,) q ~ GRV
F,f"“"m g ~ GRV

Is this consistent ? Calls for an
OVERALL NLO QCD fit to all data.

Soft Interactions ICHEP 2000 Peter Schleper



Jets in v — p from HERA
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ZEUS Preliminary

J#cé‘:ﬁ 17

2000 1800/
g 1800 14 < E,™ < 17 GeV 1800117 < E,™ < 25 GeV
‘i 1600 S S (a) 1400 (b)
v 1200/
g 1200)  * Data 96497 10001
1000/  NLO QCD, AFG-HO
800 - ' 3 .
800 - - v "
400 - 400/ o
200 2000 4
ur 1 | L - éi SN TN N I W T
GW:P 25 < E. ™' < 35Cev - ?ﬂ'“ 35 < E™'< 90 Gev
| T4 L [
o () o e Iy
200 50¢
40t
30
Zﬂj . ¢
"J- H—;—'L_t-’_‘-
1 % o2 04 o8 08

significant lower than standard parton

density at

largest E7 and 0.3 < ., < 0.8

Soft Interactions

ICHEP 2000

Peter Schieper



29

QCD dynamics at low-x

e Unintergrated Parton Densities
¢ BFKL, CCFM

theoretical predictions not always a story of

success:
¢ incomplete, predictions in LO failed, NLO

corrections huge, range of application
limited, signatures not as striking as
thought, difficult !

recent progress:
e BFKL: NLO corrections much reduced

(kinematic constraints)
e CCFM: full P,  splitting function, first
calculations appeared, event generators

Here: new experimental resuits:
e F2, forward jets, charm production, jets in
diffraction, v*~* from LEP

Soft Interactions ICHEP 2000 Peter Schleper
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QCD dynamics: Forward Jets

select:
® small-x

e forward jet
(7")

2~ 2
Er; e ©* Q" = E7

el

% 4ef  no kr order

e no large scale difference: DGLAP should
fail

e BFKL CCFM test case

e approximation to non k ordering:

resolved virtual ~y

assume virtual photon has structure
which is probed by largest scale E%j
2 DGLAP evolution chains.

jet:

Soft Interactions ICHEP 2000 Peter Schleper
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QCD dynamics: Forward Jets

ZELS 1995

]
ﬁ I
% 10
'LHH .
=
¥ DGLAP:
h fails for
'k e ZEUSDmm i 2 2
| =L ARIADNE 408 | Q S-f ET..jet,
L "L LEPTOGS
i, HERWIGSS
i e o
e o 2 A 10 ‘|_rn"
v 11
Er/g? "

resolved virtual

dovd(E” ;,/ U‘?{ml

~ works: )
sign for o T N
e "
F T RAPGAP 206
non-k order i
(o 4__ JetVip —r """""""
:_. ncill HIF T W — i
0 0! o o I 10°
Er/q® @
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QCD dynamics: Forward Jets with
CCFM

unlntegrated parton denslty from fit to F;

J— S— 1
g |J._| g |.i fflaﬁ 15, '
F 6 35 B ool 16 6 w Q=
2 | 4 '.-4: | |4 \ |4 1.4 i
L2 12| 1.2 SR 12 A
: h' | h'# l L@a ! o %
0.8 Wi08 08 Y08 08| N
6 e | 06 0%, a% | ‘**
1.4 o, | ™, 4’ 04 | ;
(i %3 (2 02 0.2
al " o R | & - -
K 4 | I8, o 1B | -
I | TR 1.6 11
|4 + 14 L 1A "+|.4 L
1.3 N g 12 e 1‘IJ. - '
R A 'y |- Moo= "
0k | L VI e 0k, 0. l, 3
116 ode, - 0.6%, - 06, ~ 0.6 s - b
0 Ok ™ 0 " | 0.4 0
0.2 02 | 02 | 62 = 02 | H.
M A S, A WA
e et e et et e wte” m‘x
T ay
E - oa THEUS = = i iiie
l'@ -1 ==l _;
E 10 E L |
use CCFM s0 2l
evolution to 3 ==
10 |
describe jets
-4 el
10 ¢ v
2 - 2
10 10 1 10 10
EYQ?
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QCD dynamics: Forward "

high E+ 7% in very forward direction

.d.ﬁi 1500 | * Hidata |= o R, (H1 do/dx)
; Pho>25GeV | & 0008 Py > 2.5 GeV
H“p - LEPTO MBS i%’ . LEPTOGS
o5 W - RAPGAP 2,00 0.002 - RAPGAP 2.08
—  mod. LO BFKL = migd. 2O BFKL.
500 0.001
[2.0..45] - [2.0..45 |
pra— ﬂGLA’ 0 il A T U;JIHL'F R T WA Y L
Q’ | Gev* o00e & [4.5.. 150
g [45..15.0] o
-—res ¥ 0 |~ 0.008 W
-~ BFAL 200 |- e 3 :::;’_
I 0.001 _-
0 gl LLLL oy gl ﬂ:“” bl
100 [15.0 ... 70.0 ] 0.008 (150 mul
. - @° /GeV’
[ ﬂ.ﬂﬂﬁ
ﬂ.ﬂﬂ-‘l :—
0.002 - b)
u: """ L i

=3

%‘.‘.h 10~ X x 4;:#.5 10 Xx
only hint on dynamics beyond
'resolved virtual photon’
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QCD dynamics: Charm with CCFM

~* g — cc: charm mass is 2nd hard scale

H1 preliminary
[0 L]
- ';. ‘
Eon g 4 § | et
RS 2 Y
] BS
S L | £ -
= - n
in,n} 3 i— *"; 1
, |: A A;JI'. £ o | = r.-,mul.m
u - -wom. ) ﬁ 10 - o %
ke o 150 200 20 2§ P
W wGev) T b, (GeV)

=

I

do_ (ep—D X)/dn) fnb]

do_ (ep—=D dlogix) nb)

3 -
A
o L= o
5 4 } :
logix)
>
@ | - |
2 E2
£ —
" —
s L
> =
(=~
gl @ =
g "y
2 r 10

i
Q" Q [GeVY

el
B

o
=

do_ (ep—D x¥dz,,. [nb]

TS e
k]

0

0 BT 04 08 DK |
4 p* e

CCFM slightly better than DGLAP

7

1 Tevetton
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QCD dynamics: Charm with CCFM

charm
F; c
F'2 in the CCFM scheme
A HI Preliminary CCFM
m, 1.3 - 1.5 GeV
0,40 I T | T T T T T
' Q' =15Gev' T 3.5 GeV*

= 0.20 = . d
: [ . = : )

Eﬁ ] I i L | | 1 i [ 1 |
5 (.00 : ] 1 T T i ] 1 1 ! :
& 6.5GeV> 4 12 GeV? <
z - i ] :
s 025f T i 1
: ' i I i ;

ﬁ b

0.00 —t—t ——p—
:-'U_N 25 GeV* 60GeV: |
0.40 ; 4 -
; i :
0.00 i L 1 | 1 1 1 ] | ] ;

S5 4 3 2 1 5 4 3 2 4 0
log x
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Conclusion on QCD dynamics

e need contributions beyond k- ordered
chains (DGLAP)

e resolved ~* works astonishing well

¢ BFKL: week evidence only, NLO
corrections huge (v*+")

¢ unintegrated parton densities and CCFM:
very promising first results
(also for heavy flavour prod. at Tevatron)

e needs completion of CCFM formalism to
do rigorous tests

e and event generators

e or NNLO DGLAP ..?

Soft Interactions ICHEP 2000 Peter Schieper



Diffraction

elastic scattering: large part of total o-;%t
QCD: scattering via quark/gluon exchange
— colour exchange — confinement—
proton fragments
What happens in elastic scattering ?
e soft peripheral scattering: <— difficult

e hard diffractive scattering:
— jet production with elastic scattered p
-Y'P—> AP
~* hits parton but p survives

" ¢ -
proton e qan |
ments h—

not rare: 10% of all events at HERA

«P
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Diffraction

Aim: Identify the partonic colour-singlett

system exchanged between p and hard
v

X (My)

| (or low mass
p-excitation)

it/

process. (small)

Structure functions at HERA and Tevatron:
Factorisation: proof by J.Collins also for

diffractive /epton-p scattering.
Puts hard diffraction onto solid theoreti-

cal ground in QCD.

D(4 2
FyY(8,Q% x,, t)
x , momentum fraction of colour singlett in p

B = x/x, momentum fraction of parton in
colour singlett, 2= = (p - 1."»"")2
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Diffractive parton density

integrated in ¢: Ff(a)(ﬂ, Q% zx,,)

- ?1“,-0.“‘}5
- 1
o« H1199%4 B =0.01
8 0.05  » HI1 Preliminary 1995
3) . § "
X P f; 0 | TR
0.05
[ " [
ﬂ B B =().1
0.05 | .
i B=02
0.05 3 i
| y b oy ’
0 B - 0.4
.05 - & } i . o
e T E= 048
“‘“-5: i..l
I . .
o T T Y
0.05
P PSS! RSSO /LR 5 dn
1 10 10’

Fy’® increases with Q2:

positive scaling violations:
gluons dominate (see proton at small @)



Diffractive parton density

40

QCD analysis
e approx. Reggee factorisation:
FD(3) 2 _
2 (69 Q7 Lpy ) —
f(z,) x f(B8,Q%
e gluon density flat in 3, with large
uncertainties

’j CoR
HI1 1994 /
;-3 (4) Q'=4.5 GeV’ e Giluon, fit 4 B
p‘ ﬂf@? LAt ki, 011 3 : )
e ,uu-& |
e ket TP PR T N e e |
(b) Q=12 GeV*
14
| o
f _—
B -.-q._.F ............................. —'-——-q._l
fe) Q=75 GeV’
O
|
N
Yo T S Y T T ST S f—

i

Needs independent cross check in another
process
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Jet production in Diffraction

New dataset

directly sensitive to gluons

(1-2)

P P
Diffractive Dijets
1.5
‘G;:.L: g p,2=02+p$=42 GeV®
':% ________________________
n 05 |
- o il i btk .|.:.|_I L _| e — -
= * H1 Prelimina
= 600 - — res. IP (H1 fit
E 7= -~ res. IP (H1fit 3
s [ LI res. IP (dir *)
2 400
S
200

PP (TR SRR (M

0O 02 04 06 08 1
(ets) A
zlP __/Q



A
A2
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Jet production in Diffraction

Diffractive Dijets
_E 200 | @ GP+p? > 60 GeV? 2 600 -0 log,xe=-15..-1.3
: * H1 Prelimi > k * H1 Preliminary
I‘m , . L - res. P
s | -~ Sat. mod. (*2.4)
= 100
@ -
190 ._ - 10g,gXp =-1.75...-1.5
100 | '
80 | @200 e 00 TVl
150
100
50 |
200
180
100
50
o ! . ' LTS S A RN T
0 02 04 06 08 1 0 02 04 06 08 1
(Jets) (Jets)
< e 2 %

fully consistent picture from Ff ®) and jets

in either Q%, x, or z



43

Jet production in Diffraction

Comparison with QCD calculation for 2-gluon
exchange o ~ |g(z,Q?)|?

Diffractive Dijets - X< 0.01

» © + H1Preliminary (@)
% 102, Mumﬂnpm?dd
g - BJLW (qq only *5)
& o0 .- BJLW[p:;-LOGlVa]
g .- BJLW (p° > 0.5 GeV?)
- 1kl T
8 o M
10 & .
e HII (A— [ 1
10 B 4.‘.-.‘5‘....
20 40 60 80
Q’ (GeV?]
2 (e 3
f‘ 10° H1 %
‘EI —AJ_T -
s w0 | a7 N

(Jers) (IF)
z % Pt o

Py pe Proom

Note: reasonable agreement, considerable
energy not contributing to hard process:
remnant of colour singlet at low Pr



a4
Diffraction at Tevatron

use: (tagged proton or rapidity gap) + jets
SD jf';f‘ jﬁt -

F-DI

Ratios:

SD
e single diff. / non-diff. = R/,

e double diff. / single diff. = RDD

structure function:
D _ pSD -

~ x(g +4/9(q + q])
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Diffraction at Tevatron

compare with HERA predictions

CDF Preliminary
=
o3 e H1 fit-2 -+~ CDF data
TS H1 fit-3 E;"'? 27 Gev
1002- ( Q%= 75 GeV? ) 0.035 <E<0.095
' It1<1.0 GeV?
10 k
1 k
0.1¢

difference factor 20, no agreement in shape !
—» Breakdown of factorisation
Note: factorisation proof does not hold for

PP, only for ep.
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Diffraction at Tevatron

compare RDD with RYP),

factorisation test within Tevatron

° Rop 7<E"? <10 GeV
10 F « Y 0.035 < & < 0.095
i 0.01 -::!;pe:ﬂﬂS
[ - |tp|=:1OGeV2
iy :
= 1 F :
5 | i R.rn
= _._......
=
éﬂ} 3 ++
2[ Jén : + VD e
" E = 05F
F T |
'S SR
3 2 1
10 10 10
X —>
Breakdown of factorisation
RPD = 0.80 + 0.26

R3P, = 0.15 £ 0.02
5imi Loy iﬁ:‘/ﬂ! i"" W, b

'?f'h-'luu‘l/ ~pﬂ-1'p-:- :uﬁm??,; ,-,.,5(

factor 5
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Vectormeson production at HERA

*Y —4qq
¢ gq(g) interacts with colour singlett
e formation of meson

Hard scales: Q% My ort

—

=
&’Eﬂ 0% e W1 ZEUS
2 | e, :
T 10’ ‘4 m
- o . 5
o Ny I .
e 107 1,"' Y .
4
W £ | TR,
E 8 . %
| 1uee | ”
|i-. -] | - I-. | t -
| 4B LI o
o , N
ﬂ.ﬁ| |
21 |
10 3 | in
(Q M) [GeV?) W =175 GeV
| 10 0

2 2 2, a2 2
G "'/le (Q°+M7) [Ge V"]
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Vectormeson production at HERA

Elastic VM Production at HERA
.c—{-?: Fa' -~ L
dt i 'ﬂ"‘!l;-. - - 2 A
tﬂ% W I oty X
SFand'=i Bt el g’ arsilteg i
o 3 ;
im' - * |
i Rl
i oo (i
e F
Tw i Vo f
glﬂ ’ | i— h‘i
ot e’ Fanda e mint B o 00 300
B A A
= B "'q
: £}
FLT O - | -

Elastie VM Production sl HERA
L

o
| { soft process:
{f A = 0.08

0.4 ‘ { { +
* 4 4brru'n'wu'| Gt"'Mt
clear transition between soft and hard

nice confirmation of pQCD scale



Deeply Virtual Compton Scattering

Interference yields access to skewed Parton
Distributions f(x1, 2, Q%)

49
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Deeply Virtual Compton Scattering

10°
= e H1 Preliminary
| BH+ DVCS (FFS)

—_—

g —

= 1 0 b 30< W< 120 GeV
w

% .

[t]< 1 GeV*

r,r‘f B J:’;éf/
ﬁf?ﬁ%f" ’ﬁ%ﬂ{

i
L
10 156 20

Q° [ GeV?]

e M1 Preliminary
| BH +DVCS (FFS)

R Q?Hm : ' fﬂ' 4.-;. -+ D ve s
| 4 < < 20 GeV
It] <1 GeV’

—i
=X

do/dW [ pb/GeV ]

S
o

.
rﬁg% lr...-'" J.r' i
frﬁfﬁ?,;,;ﬂf/;?

7
) /

i --';r %%’f

40 60 80 100 120

W [GeV ]
pQCD: predictd cross section nicely

confirmed.
Needs major step in luminosity !

7

Ca"lnfflh




Transversity from HERMES

01




02

Conclusion

e Proton structure at low Q2 and low-x
significant step in precision, but gluon not yet
well constrained at low-x (~ 10~%). Nedds
NNLO, and independant check: F, Fharm

e Photon structure
much improved data: inflation of QCD fits ?!

e QCD dynamics:
very promising progress in numerical predic-
tions, theory still incomplete,
unintegrated parton densities universal clue to
many problems would be a major step !

e Diffraction
pQCD successfully applied, statistics !
factorisation theorem: HERA - TEVATRON ?

e Spin
new observables: new clues for spin

QA Intarantinne IrFHED 210N Datar Carhlanar



