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Introduction to Diffraction and low-x Dynamics

Diffraction at HERA Hard DLffraction
- total cross section - factorization, F,P (=)

- vector mesons

. - partontic description
- test of Regge Factorization

virtual photons (0<@*<1 gev™) - dipole / resolved Pomeron
, olescnptww
- e)qacotatwws
- let
- approach to photoproductww Jc, s )
Limit, Regge Lwterpretatww - diffractive charm
- Tevatron
Deepl% virtual photons, pRCD
- strueture functions Outlook
- x-dependence Concluston

- the rise of 7,
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Some Characteristics of Diffraction
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Optical analogy

target participates as a whole probe /
doyot ~e®

t-distribution Ls an tndicator
of size
effective size:

=2 — R 2
v eff — v proIoe tr target tay@et

A
I
I
I
\

soft energy dependence:

thewsitg

w-dependence arises when exciting higher angular momentum

states; e.g.

A07dt ~ ((W/w,)2) 20D bt g (optical theorem.)

o~ (W2)a?
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Total Cross Section

Total cross sectlon

* wnitial Fall off with
w (Reggeon
exchange)

* gentle rise with W
for Large W

c,-’~’ (\/\/;Z)tD.C)S?

* at HERA
W? ~&@%(1/x-1)
(trivial relation
diffraction-low x)

— 220 I I I I T T ‘ I T T
0
3 ® |ow energy data /|
Q§ i O H194 (Z.Phys.69(1995)27) |
B ® ZEUS1996 preliminary
180 =
140 |~ -
100 — —
L 150 E [T ! T R R ! E _
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Soft Diffraction at HERA

Some more constderations on stze at HERA:
r~1/R B
e Lab system
’ ’ ’ Y
a disc (Lorentz contracted) s hit bg Qa probe P

Stize of probe:
o ’, ’, 2_
b photoproduction (&°=0)

* ¥~ 1/1000 v, (at the largest values of @)

Size of target:
- elastic processes: size of proton
- Lnelastic processes; proton break-up; frac-

tion of the size of a proton r~1/Q .—> O

P

-
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Elastic Vector Meson Production

Photown turns Linto Vector Mesown

E Iﬁ L T ¥ ;
- t-dependence reveals size of - [ & oo
DbJ’eOt = 2 ] ¥ ot ;
, I C - # ]
* W-dependence shows devia- WL fﬁ““ o
tions from soft pleture S | i E
- | T, | |
ownce a “hard” scale, sueh as m=, sel S Iy AT S W=
s requested the soft energy e, -
dependence Ls Lost. z| d ]|
eP 1C ; *ﬂ:&_;*d. ;
ot i
Z }.- Bl N W
il NE __:
@ HI publ. T(1S) ]
E + H1 pral. '
Leus puksl. ! 3
[ & fixed torget | 1
.l.:' 1 | ] I b b B EPE X T T = L]
1 10 10

W [Gev]
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Dissociative Diffractive Scattering
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Proton brea lR-up

- probe tnteracts with a part of the
proton - a different size object

t—de‘Pewdewce
e at small t

exponential fall-off

~e% with b~=

* at large t

power Law behaviowr (-t)"* with

nw—33

(nb/GeV )
o

10

o/dt

d
o

[GeV ?)
o

(nb

dofdt
[N o

=
o

0.17 (syst.)

@-production

2 4 6
t -t (GeV ?)

ZEUS
% 7p —> oY .
E — (=
Q n=-3.31+ 0.02 (stat.) £ 0.12 (syst.)
E ’
p-production
0 2 4 6 s 10 1
t -t (GeV ?)
2 Py
2| ? n e ZEUS(prel.) 96-97
F — (Y © ZEUS1995
L % 0.07 (stat.)
n=-277%
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Test of Regge Factorization

10 -

elastic/dissoclative

\ VM:P:@)/‘/J e V=p° ZEUSyp -

\ 4 _
dLSS. o V=¢ ZEUS yp

h * V=J/¢ ZEUSyp |

1 Y ppvs=23.4 GeV—

elastie P :

‘P A ppVvs=38.3 Ge\/:

Ratio elastie/dissocLative

do/dt(yp —> Vp)/do/dt(yp — VN)

- elastic % 1§
daydt ~ F,24F,2* | A2 TL
* dissociative ’ ™
dg/dt ~ F7,2* | A|* |
* universal t-dependence for ;

1 o I | I | I | I | I l I | I |

0 0.25 0.5 0.75 1 1.25 15 1.75 | 2
aLL VM —t (Ge\/z)
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DIS - Virtual Photons

Structure functions F, (x, &) and F_(x, ) _—

I ep—eX
.« 20/dxd@72 ~1/x@** P
.
((+ (1-3)2)*7:;2 ()<,622)-52*FL()<,Q2)) ~_
DIS region
partontic description
Total Y*p cross section
+ 0 ~ 4T%/@° * F, Y eX
~
For small @2 <

e stnece O ~ cownst.
conservation of electromagnetic current



E.Elsen

9/30

F, in the low Q? region
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Approach to Photoproduction Limit ~

L' | @ HlRadidive(prelimnay) |
5 5 e H1 |
* explored for @°~0.1 qev o| O Hisvxes ]
, ] 107+ e ZEUSBPT : L
» data well compatible with the ’ et
expected vanishing behaviour of R
F 07| >y T
2 e b
* smooth approach to the photopro- [ W=210Gev BT =S M
’ ’ ’ " bo @ ]
duction Limeit o | EEse & T T oasmeaans
B X 128 Oﬁ
, , d 2 W(215)5GeV o ‘
X 64 o $
Regge inspired fits at Low & e oot x
1 | x 32 .o B
° QVDM model« W&%%SGeV ¢ ey,
ap(o) ~1.12 wegs e 1 :
-1 W(ji;SGeV + |
10 F  \esscev — ReggeFit (ZEUS)
NG — NLOQCDFit(H1) |
W;Zl;SGeV Qui= 35 GeV? ]
10° 10 1 10

Q° [Gev?]



F., scaling violations:

10 ;
Q°/GeV

F, function of x and &>
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2
F, for large Q
LY b x=0.00005x=0.00008 ® L196-97 LY @ H196-97 O H194-97 high Q@
% C’j 27><=o_.02%o13> ) , *_ -/ NMC x=0.015
O i ',f". . 200002 H194-97highQ O LI BCDMS L 5. x=002
T / =18 A NMC o253
L R x=0.00032 e, ¢ S 5sl x=0.032
i ‘./ " 10 Ho= aes
L x=0.0005 T
cs=8 - Y )
»° B
0" o

Lo x=0.0013
- cg=3.8
e / x=0.002

. Co=2.5
L / x=0.0032 1

cio=1.8
e x=0.005

) & cy=1.3
1 Y s x=0.008
- ’ , -~ QCD Fit (H1)
e QCD Fit (H1) g QCD Fit (H1+BCDMS) .
L e QCD Fit (H1 +B.CDMS) 10 extrapolated Fits N
S extrapolated Fits B
T\Q Ll Lol | Lol | Lol i Lol Lol Lol Lol T L
2 2 3 4

1 10 10 1 10 10 10

10
Q?/GeV?
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Experimental x-Q? Correlation

E.Elsen
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’

t

Kinema

small x

Ys LS

largely

2,
restricte

adb accept-
ttations, L.e

’

ance L

d,
tat

Ll

beam pipe

al effort to
measure at largest x

for given &>
« ZEUS and H1 have

t

* EXPErLMEN

’

built specific detectors
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PQCD Expectations
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Rualttative Pleture

* pRCD valid for R*>1 Gev>,

stnee LVWPLLOLtLa x Ls la roe: 10000 -
Scaling Violation

" atvery small x expect to enter
the hug)h density re@ww where
the scaling behaviour will
change due to massive gluon
self tnteraction

s Hewnce Linterest Ls Lin

dlnF,/dlnx at ﬁxeol @2, L.e. con-
stant resolution

1/x

1000 -

100 [~

non perturbative region

r
high density @

region 7
7~

~

@/ -  GLR

&
o

Q DGLAP - Q

BFKL -
@

Are the contours as suggestea?

1 10 100 1000 10000

Q2 [GeV?]
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Search for Deviations
of the pQCD Behaviour of F,(x,Q?)

Probiwg the @> olepewolevwe 0.7
N |- AY
2 o i -
C i | . - 40.GeV
Df F:Z ()(,Q ) > 0.6 - \\\ \\\ 10\Ge\/2\\ eosr H1 96—-97/
, ’ ’, , \ : N \ ) \ — CD ft |=H
* nthe Rinematic region & L 5CeVE AeD fit (H1)
Q 05 \

of pRCD the rising behav-
Lour of F, Ls unchanged

* the rise of F, becomes 7
shallower when &2 —0. 0.3

0.2 S

I ©

I 3

0.1 - :=)§

[ —

I

0 ‘_4 ‘—3 -2



---- QCD fit extrap.
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Search for Deviations cont’d...
Probing the x dependence of o [aiser I ezour Pe——
2 ARG
Fs (x, ) s %f ,,,,, ey 7 ¢ gﬁ*/»-\ s i#ﬁ#*#?g,,\
Lo R VAN SRR S R I
A = -dinr/dln S0 T ) e ) Tt )
|| [ S T
’ ’ O r - -
+ for x<0.01 Alis compati- L e S
’ ’ ’ . Q*=8.5CeV? Q*=12 GeV? - Q°=15GeV’
ble with betng tndepend- O3 w * w ; W\/
ent of x! ot F * o
05 [ @'=20CeV | Q?=25GeV? | Q*=35GeV?
Hewnce the onset of | : |
’ ’ , s 0 L - B
, 05 I Q*=45 GeV? - Q°=60 GeV* - Q°=90 GeV’
behaviowr occurs ownly at > W w ; M
smaller x R P SN SR
05 | Q2=1ZOGe\/Z$ - Q=150 GeVf e H196/97
; — QCD fit (H1)
0o+ $ B

X

01

H1 Collaboration
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The Q? Dependence of the Rise

F, (x, &) ~xA —~ 0.5
* Als independent of x % - Fa=oxT, x<o.01
e A= A2 0.4 *
A vises Linearly with @ | il
0.3 -
surprisingly simple oo L
belfmviow of the sea, j /é,j/* o H196/97
driven by the gluon g [ =a IO /A %
e extrapolation %
L E

1 10 10°
Q? /GeV?
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Transition Region

R*<1 gev™ 05 ZEUS
+ BPC/BPT provided accessto
data below 1 Ggev> S | |
0.4 B F2~X')‘eff B
Observations : v
- ® ZEUSdopefit 2001 (prel.) H ' -
* clear change of slopes at 0.3] b + |
2 2 A ZEUSQCD 01 (prel.) + - +
& ~1 qev ——  ZEUSREGGE 97 +

e at small @2 A Ls constant tn 0.2 i

agreement with the expecta- * Lo
f v

tion for the total cross section : +

0.1 [ Tese

Note

o~ (W), at fixed @ 0 (GeV) )
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Diffraction in DIS

Additional variable @2
* Observation of events with a

large rapidity gap, seemingly *
independent of @
- absence of colour flow 5 | } X (Px)
et W
Ip
" \ P > } Y (Pv)
Interpretation Resolved Pomeron N

(2 la ingelman § sSchlein)

- partonic description of the colourless exchange tn terms of pof £

'(CLD (x, Q;Z,)(p,t) = ‘(Cp/p (szt) * ‘ﬁ,P (ﬁ=)(/)<u>, Q;Z)
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Regge Analysis of F,P®)

ISMD31 - Daton
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DCGOV\/UPO.Se tnto s h1 Eﬁzﬁlf%tted) . ESSSSRE

}IP+IR)

- 5™ i preliminary
* Pomeron (Regoeon) IO:DO:N N 00412/312/\5]34\5}0 y Piog
P e B@D) = felidApBR) + T N N

| feBeB@® o N N
with fpriixep) from w\,teg ration of N v\%\/\\ \J

energy dependence using . il Bt
a{PR}(t) — a{PR}(D) + G{PR} t °

SN
anol DGLAP term for polf which oos - K

results L

d(0) = 1.1#3*+0.012 (stat.) ;

0.017# (sast.) +
0.0632

0.025 (model)

« cf. soft exchange:
dp(o) = 1.082

\
\/
N
NN
.
N

———————————————————————————————————————
111111111111111111111111111111111

Q?
[GeV]

6.5
8.5
12
15
20
25
35
45
60
90

120

Xp
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Comparison Inclusive and Incl. Diffractive

From Fits Effective a,,(0)
* diffractive 'w,\,tercepts tn broad '.n_ﬂlfsp'zv_&_g?
agreement with those from the bitiractive |
tnclustve awaLgsLs o H1F.0@) 97 (prel.)
« diffractive sLQpes tcvyol to be S 14
smaller thawn tnclustve o - *
o i
1.3 — ; +* *
o "
-l " T
1.2 — . t
T +* I |
1.1 ; ....................................................
. soft IP
1 i il |
1 10 10
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Energy Dependence of Diffractive / Total
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The ratio F,P ) /8,

* H1 preliminary, x,; <0.01
© H1 preliminary, x , >0.01

. [GeV?]
- i i ; ® =004 |p=01 |B=02 |B=04 |B=0.65 |B=0.9
D3 3. 0% 2 M r ..,__n- (F.0%z,) 5" | ; o
» (. bl = = " - =
: A = ONE 0.02 é‘}ii ot | hnn | qute! . Ifiiil 85
0
’ , 0.04—
after t-integration,
0.02~ o 1L §¢¢h:‘ PRLE byt 2 "
s , drl~*p — XY) : gtoneet '
_;:”'-'" = M- ol 4 - [ olx"p—+X) 0
h ‘l-”f 0.04~
4 4 0.02/- éé ¢ o] & o 30
* yatio seen to be LargeLg tnole- : 4 Sl BT I N oy
pendent of B W and &3, except | °
at Low W and large B ;
IR B
’ byl itdy
« trend to decrease with @7, ol | | | o
10° 10° 10° 10° 10° 10°

leading twist?!

W [GeV]
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Scaling Violations of F,P®) vs F,

— B=04 H1 preliminary — B=0.9 H1 preliminary
& X;p=0.001 , x=Q,0004 S o X,,=0.001 , x=0.0009 S
oy 0.05 - . B ! o3 0.05- an " | A
] LR 1 2 o (gu 1%
o - " < 4 L L A P >3
e L X t L
& O xp=0003,x=00012  |° & O xp=0003,x=00027  |°
L0 0.05 - -l 1, L 0.05 - R -1
(a2 II..E!'.. a5 R L '§0¢§§
X X
O x,,=0.01, x=0.004 0 O x,,=0.01, x=0.009 0
- 0.05 - a1 0.05 - 1,
Fit itndicates LLL R LLLIEH
20-90% of the  ° x,=003,x=0.012 0 0 7%,,=0.03, x=0.027 0
0.05 — 0.05 —
14 -1
momentum —y R
made l/LP bg O | | \\HH‘ | | \\HH‘ O 0 | | \\HH‘ | | \\HH‘Q O
2 2
gluons rather 10 Q16 18/2] 10 QG 1{’/2]
) e e
LWD[C‘PCV\ID[CVVH’% . F. DO 2 D(3) 2
) (X,,8,Q%) H1 prel. °F, (X,,8,Q%) H1 prel.

2
0-(: o = F, (x,Q%) H1 96-97 = F, (x,Q%) H1 96-97
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Modelling the Interaction

Proton rest frame

Dipole Models

! o
S
q
T~1/ ()(VW.P)
y* TN q

Proton infinite momentum frame

rResolved Pomeron Models

Y
<> B q
X q
P p

Y
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Comparison of Models

X,p=0.003 H1 preliminary Q°

Xe=0003_ Hiprelimnary @ . Both picture Lead to fair

D D [GeV?]
0O 0.05~ , , 0O 0.05
T e °5  description of thedata o N (0F
o o =
<o : ’ ’ < O'Og A\_//’.—“N 8.5
Dupole model: N o
0.05¥_’___\
- ﬂolepewdewae not AR S
fuLLg YC‘PYOD“/LO&O[ 0.05 _ . 15
- tncluston of evolu- On
tlown does not e — P

LVWPYDVC 0-02 \,_._.\ | 25
’ ’ 0
SemL-Classieal model: oo \\ 35
5 0 -
- low &=, low ﬁ 005 \\.N 45

0
0.05 —
o _ 160
[ ]
0 ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ P
0 02 04 06 038 1 0 0. 04 06 038 1
e H1 (prel.) B e H1 (prel.) B

----- Dipole model (G-B,W) Semi-cl. model (BGH)
— Dipole model w/evol. (G-B,W) Mi<4 GeV?
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Diffractive Jets
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sewsitivitg to 'Partow'w content

the colowrless

H1 Diffractive Dijets

ool WP=P7=36 GeV’

P
\\\‘\\\‘\\\‘\\‘\-—

e H1 Data
res. IP (dir.y*)
— H1fit2
H1 fit 3
- == ACTW it D

|||||

lllll

|||||
||||||||
n

IIIIIIIII

||||||||

exchange ls  § 2 P=Qipl=a2 Gev?| T 2 i
gluon domi- o & *
nateol > 1| > 1|
O L1 1 ‘ 1 ‘ [ ‘ [ ‘ [ O

=) - e H1 Data o) -
= - res. IP (dir.+res.y*) & -
w = — H1fit2 @« -
} £ ,000 H1 fit 3 g ,000 -
3 B res.y* only N -
o 400 — | Ly o 400 -
© - © -
200 | 200 T

Zpmeasureo
in final state %60 02 04 06 08 1 9

Z(jets)
IP

02 04 06 08 1
Z(jets)
IP
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Dipole Models and Dijet Data

or < o0.01 4 - ¢ HlData ST b :
{ X > 10 2; — res. IP (dir.+res.y) & 10 ,?
, . Q - -+ Saturation model = : %
* Dipole model “with & 10 - = BILW(p7,15GeV) | = ITIEER I R
, S cut—_ " SN EETTT T
saturation” below & B BIW (prg=10GeV) - 8 L
data S 4l s b e
° 10 - o - ;
* 2-gluon exchange o © i : 1
woolel some arbi- 10 ¢ 10
Id Id N \‘\ \‘\ \‘\ L 7\\\\‘\\\\‘\\\\‘\\\\‘\\\\
trariness L nor- 20 40 60 80 4 5 6 7 8 9
malisation... Q* [GeV?] px . [GeV]
g 102 BILW (dq only)
ONE_L I o
o) F Jaaaas
B 10 = |77 veweon
k) :
S T
:\ L1 ‘ L1 1 ‘ L1 L ‘ L L
0 02 04 2 3
p ") [GeV]
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3-Jet Analysis in Diffractive Events

Gluown jets knowwn to be broader ZEUS
25
. AwaLgsLs of =- Jet topologies in dif- S2zs 2 j o mussso0 mea-an |
fractive events 2y o ot formard o
* most forward/bacleward Jets can be EE
used to tag the colour singlet s
C)(Ohal/\zge 1.25 [
1 -
ZEUS :
0.75 -
'8_ - — EQESQKEEM ® ZEUS 98-00 - — E%[FQE—CDM ® ZEUS 98-00 05 7

RIDI gluon 0.25 |

I~ = = o Bl Y TR
o - (O) - - (b) _____ ) 0 02 04 06 08 1 12 14 16
} i ¢ i E,______:' ¢ (radians)
° I o Forward jet seen to be broader

- smells Like a gluon

|- : \ ‘ | | | ‘ | | | ‘ |
-2 0 2 -2 0 2
7 jet 7 jet

Colowr singlet exchange is
gluow dominateo
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Diffractive Charm
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charm in final state

. prooluotiow mechanism sensitive to quark

content of the diffractive exchange.

()
'CE,_ — A‘CTW fi‘t D ‘ — S‘aturati‘on mod‘el ° l—‘il Data‘
= ----res. IP (H1fit3) | = BJILW (kTg:1.5 GeV) | — Semi-Cl. model
2 20000} - res. IP (H1 fit 2) - BILW (k; ,=1.0 GeV) ~----- SCI
< 9
= T [ GAL
L 1 T N SR
©
10000 T { T l
| f , I .
t T
0 L L L i s P L L L
0.01 0.02 0.03 0.01 0.02 0.03 0.01 0.02 0.03
Xip Xip Xip
(b)
'S 300F
=
Q BJLW (qq only)
o 200r- T
Q
°
S 100 l + } -------------- - I
: 1
‘ !

do / dz °° [pb]

1°;*H1

I I I F
0.25 0.5 0.75
obs

| | |
0.25 0.5 0.75 b 0.25 0.5 0.75
S

rates:

e
e
y* o
]X' X
Largest gap
p in event

Y

« smaller thawn e)q:ecteol

Moolel

cross sectlon [pb]

resolved Pomeron

~400

SCI

203

GAL

32

H1 data

R4e*r*54*5¢0
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Diffractive Jets at the Tevatron

comparison of the dif-
fractive jets

* transfer the partonic
description of the col-
ourless exchawnge to
Tevatrow data.

* very large difference
(significant despite
the wncertainties at

Large B).

* recently:
tncluston of Large
rapidity Gap (LRG)
survival probability
(Kaidalov et al.)
yrelds agreement

» CDF data
H1
Qm%_ ............. ZEUS
~
a7 |
H-

10 ¢

Bartels et al.

e eXptl. wncertalnty

ISMD31 - Datong 2001
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Outlook

Adfter the Luminosity —
HORIZONTAL

s
upgmde 0{ HERA ‘:’ 4 new VFPsS
High acceptance forwarol 2
proton tagging . |

M |t| = 0.5 GeV?
W |t =0.1 GeV?
B |t = 0.01 GeV?

[l beam envelope =12

mproved track Triggering

Single Track in CXC 1and 2 0 50 100 150 200 250

O O
I

Benefits for

« tncl. VM, D*,Jets

* recognition of p-dissociative procs
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Conclusion

Revival of Diffraction since HERA and Tevatron

* hard diffraction clearly established
* the colourless exchange persists at large virtualities
* transition soft - haro studied in several processes

* RCD interpretations are appealing; considerable progress;
wodelling s based on

- dipoLe approach
- 'Par‘cow'w olescriptiow
wot Yyet perfect

* low x

- a powerful tool to study the energy dependence, W* ~ &*/x
- available range not sufficlent to study unitarity effects

e context with Tevatron wnot trivial;
oap survival proba bilities.
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