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Topics

& Soft diffraction

Elastic and total cross sections
M ?-scaling

Soft diffraction cross sections
Multigap diffraction

Determine:
» triple-pomeron coupling
» pomeron inter cept
» diffractive cross section
using soft parton densities

oW oW W

& DiffractiveDIS at HERA

+ Derive F2D3 _
+ Explain flat ratio of F2D3/ F2 Predict from
+ Explainriseof € (or a,,) with Q2 hard plus soft

parton densities

4 Hard diffraction at the Tevatron
+ Explainratio of F;;(SD) / F;;(ND) —magnitude and shape!
+ Double-gap hard diffraction

& Diffraction at the LHC

#* Soft and hard single and multigap diffraction
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Diffraction at CDF in Run |

O Elastic scattering  PRD 50 (1994) 5518
( Total crosssection PRD 50 (1994) 5550

Q Diffraction ) i ) 5 ;
P P o P i P IP
p:é pL p:E ) 'PE % o IP

SOFT diffraction ? Control
sample n

Non-Diffractive

(ND)

HARD diffraction

PRL reference —\‘PA

50 (1994) 5535 87 (2001)141802 submitted

¢

¢

@

n n n N

Single-Diffractive Double Diffractive ~Double Pomeron Single + Double

(SD) (DD) Exchange (DPE) Diffractive (SDD)
PRD PRL PRL PRL

91(2003)011802

with roman pots [w

JJ 84 (2000) 5043

== NN

p [ detrdet i o tijGapfidty | Gap|Jiiie] Gap
n n n
3J 74(1995) 855 3 85(2000) 4217

79 (1997) 2636

JJ

80 (1998) 1156

JJ 88 (2002) 151802

b-quark 84 (2000) 232

JJ

81 (1998) 5278

J/p 87 (2001) 241802
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_oes (mb GeV™)

d*c/dtdM? |,

Two (most) Important results

Soft Diffraction

M2SCALING

KG&JM, PRD 59 (1999) 114017

10
o std. and renorm. @ 14 GeV (0.01 <£<0.03)
1 .-::::::: flux fits 020 Gev (0.01 <£<0.03) i
A 546 GeV (0.005<£<0.03) ]
i O 1800 GeV (0.003 < <0.03) |
—1
0 = e 1 E
(M2)1+A ]
—2
10 = 3
E N e 546 GeV std. ]
] flux prediction ]
10_3; S N e 1800 GeV std. |
E ", ~ flux prediction 3
—4| renorm. flux
10 ¢ prediction
-5| ! !
10 5
1 10 10

da2 g
dM
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Hard Diffraction

POWER LAW

CDF, PRL 84 (2000) 5043

m] A

<¢>= 0.04 0.05 0.06 0.07 0.08 0.09

A = 0.01

EF™? > 7 Gev
|t]<1.0 GeV?
stat. errors only

D
_ R () 7 x-04
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Soft Double Pomeron Exchange

» Roman Pot triggered events CDF Preliminary

10 %
> 0.035 < &-pbar < 0.095 s | .
lt-pbar| < 1 GeV 2 08 ...... QPEMQ ...................
......... SD MC

» &-proton measured using  — DPE+SD MC

| Js=1800Gev |
6:_ 0 035 < E < O 095 .....................

|<1GeV2

— > B ¥

S al particles

=
o

| pbar

=
o
””01

» Datacompared to MC based

(1/¢&) x Number of Events per Alog¢

on Pomeron exchange with

=> Pomeron intercept €=0.1 &

> (Good agreement over 4 orders of magnitude!
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Total Cross Section

/

% 0, exhibits universal rise with energy

¢ thefalling term at low energies has
NOTHING to do with thisrise!

< POWER LAW behavior:

0,= B, (05 =0,e™ =a

t=0 elastic scattering amplitude el

Parton model: # of wee partons grows exponentially

Im f_ (Ay,t) O e %

15 wolwduobialied PRSP BEPSPETAr A RTTTH TTTY FRTT] AT e Py
1nt 1028
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Single Diffraction Variables

d SOFT DIFFRACTION d HARD DIFFRACTION

&
'S

dN/dn dN/dn
T an=tné A
- t >
E=AP_/P, fractional momentum Additional variables: (x, Q%)
loss of scattered hadron it _—plet
Xg = EI*e” s

Variables: (&, t) or (An, t)

x=BE<E
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Soft Single Diffraction Phenomenology

Factorization & (re)normalization

y
«—Ins—— Ay=Ins-Ay

“<InMZ—

Gap probability: . Jip-ip-ip(t)

COLOR
Normalize to unity ,3|p—p(0) FACTOR
KG, PLB 358 (1995) 379
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The factors K and €

Experimentally: k=9PP-P (01724002  KG&IM, PRD 59 (114017) 1999
IP-p |
Theoretically: & = fy + f xiDﬁZE—B =0.75x}+0.25x}:O.18
' ONZ-1 %N, 8 3

S

— Q2 =1 GeV?

x — gluon

10 ] A — valence quarks

g:020 — sea quarks

XCF (x) = — £=1, v, + 1, Ov, =0.12
X
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Regge

Soft Single Diffraction Data

p(p) +p — p(p) + X

Total cross section

KG, PLB 358 (1995) 379

100
2& . o
0_ —_ S \ B Albrow et al. /,
rmitage et al. s
+ uns Standard flux
o)
£ @® CoF
5 A E710 %
e 7
2 X Cool et al. -
%) / Renormalized flux
17
<t
O 1o } g
8 852 ¢
o
o
E _
a PP
Q
(o))
=
%)
8
(e}
'_
1 . .
10 100 1000
Vs (GeV)
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a Differential shape agrees with Regge
O Normalization is suppressed by factor
O Renormalize Pomeron flux factor to unity

10000

005 (mb GeV _4)

d%c/dtdM? |,

Differential cross section

" KG&JI\/I PRD 59 (114017) 1999

[, std. and renorm. @ 14 GeV (0.01 < E<003)
1 v.-v:._::::.:::: Tflux fits (20 Gev (001 <€<003) |
'E\Ig%L A 546 GeV (0.005<§<0.03) ]
i O 1800 GeV (0.003 < £ < 0.03) ]|
1
10 ¢ /. - REGGE
i 2
’ 072; A=0.05 do s*
2 dM 2T (M
[ 42015 ———— flux predlctlon ]
-3 N e 1800 GeV std.
10 L h flux prediction 3 R E N O R M
—4 A SR
Gl e ——N / do ;1
: KE vz T (MY
10_57 Ll Wl N R ‘.‘T.‘[‘;,V,\nzu";u_‘ HWT
1 10 10> 10° 10t 100 1o°

M? (GeV?)

[

Cindependent>

|:| SZé‘
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Central and Double Gaps

dN : : ! ..
5 = o Q Double Diffraction Dissociation
P
P n
v, Mo Mg > Onecentral gap
] S Q Double Pomeron Exchange
Y
k s » Two forward gaps
—a—P oy e 0 SDD: SingletDouble Diffraction
Pt ! <In M12->0 «—In M22—>n
p w I —ins »Forward + central gaps
2 ns
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Two-Gap Diffraction (hep-ph/0205141)

5 independent variables{ t

d°c 2 (e+a't, )A
- i JAY]
- =CxF; t)[le
[ oV
I=1-5 N _/ N\ ),
Gap probability Sub-energy cross section

(for regions with particles)
Integral ~ 52‘S - ~ engy

Renormalization removes the s-dependence —» SCALING
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Central and Double-Gap CDF Results

Differential shapes agree with Regge predictions
CDF Preliminary Mi (GeVv 2 )
10°® Vs=1800 GeV 1 10 10> 10° 10* 10° 10°
2 V5=1800 GeV 2 e DATA AT M M e
% 5 [ o DATA g o ik —SDD + SD MC L 10% * Dpia
10 — DD + non-DD MC o 2} - DPEMC
,,,,,, non-DD MC 104 2. [~ sbMmC
104k § 104 DPE+SD MC 4 |
103 54 A TN
3 i c 107 ) H
103k g ;‘ff .
S I Vs =1800Gev 1';
2 2 © 10 :
10 10% £ | 003550005 —
DD s DPE
) | — —
10 F 3 :
o 1 2 3 4 A5°— 6_ 7 o 1 2 3 40 § 6 7 10° 10° 120® 10% 107 107 1
N =Nmax Nmin Anexp_nmax_nmin Zp
» One-gap cross sectionsrequire renor malization
\ » Two-gap/one-gap ratiosare =x =0.17
g e CDF 2 o CDF: one-gap/no-gap S_ [
A 102} o UAS (adjusted) A ¢ CDF: two-gap/one-gap $ 05[ o CDF Data: DPE/SD ratio (Preliminary)
§  [—Regge g 1 - Reggepredicion ——Z -] VAU - Regge + Factorization
5 [ - Renormalized gap s [— Renorm-gap prediction ..~ ] < O} %
2 [ 2 t 1 § 0.4 Gap Probability Renorm.
£ g et ] 2 “““ meron Flux Renom.
30 | g o ' Z 03
© ’_/—/ s
""""""""" 5
"""""""""" g o2f
L L
1 F [
0af
2 0 . 1‘03
0 0 0 .
L ! Vs JfGev\ sub-energy Vs’ (GeV) ’s (Gev)
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Soft Diffraction Summary

Multigap variables Parton model amplitude
Ay. — rapidity gap regions
K — color factor = 0.17 f(Ay, f) éé”fd §7AY
Ay’j — particle cluster regions

also:

L — tacrossgap
o

17, — centers of floating gap/clusters

Differential cross section
d“o sva't )yl 2 n £y
|_|dV :Cprz(tl)_ﬂ{e( t')Ay'} XK {aoe”y}
. N s oS Y, \ y

o / Normalized gap probability Sub-energy cross section

form factor for surviving nucleon color factor: one K for each gap
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AMQ?)

[from the talk of E. Tassi @ Small-x and Diffraction 2003, Fermilab]

A(Q?) versus Q?

0.5
F, = cx™, x<0.01
0.4 | * ZEUS slope fit 2001 prel. !
A H1 svtx00 prel. + ZEUS BPT
® H1 svtx00 prel. + NMC 1
® H196/97 + H1 svtx00 prel. 1
031" o H196/97 |
0.2
- it
I 1 I {*3"
LT oA
0.1 | Hf g =aln
L extrapolation
0= Ll s o Ll 5
10 1 10 10
Q* /GeV?
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« 0.5

—~

H1 Collaboration

04
0.3
0.2
0.1

0

10°10%10° 107
15

10°10%107 107

F, from Compton analysis (H1)

107" 1

L \
1 \HHH‘ 1 \HHH‘ 1 HHIH‘ 1 \HHH‘ L L LITHI

107" 1

X
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0.75
0.5
0.25
0

I\\\‘\\\\l\\\\‘\\\\‘\/?’\

Ceol il vl ol \

1

10°10%10710%10" 1

X

e HI QEDC97 prel + E665

o HI1 SV 00 prel = NMC
o H1 99 prel SLAC
ZEUS BPT — ALLM97
""" Fractal
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Diffractive DIS @ HERA

= S
N—r N—r
“— Q°=1GeV? x [ F (X) — 1 w102 Q° =75 GeV?
X - X . /]
— gluon E I — gluon
10 | — valence quarks X — valence quarks
- Ny — sea quarks

0.20— sea quarks

Power-law region
Emax =01 |
’ Xmax = 0.1 ]
B < 0.05¢ :
B T T e 2 Pt 0% 1% w0t 2

F2D3(Q2, X,f) |:|

F, (0% X) O L gl o A 5pC

1
C¢1+5 € (6) A Q%) 51+€+/] ’B)I

Rip

FRCHTI | — 2
(@) £1+£@(D "4 constant 25[[))IS_5+A(Q )
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F,23(Xp X,Q)/F,(X,Q%)

X,p = 0.03 H1 preliminary

o x=0.0003 , 3=0.01
g 0.05— % B
& =t
RS
@ 9" x=0.0012, B:o.o&
N 0.05 —
LL ] -
& am ¥ I-= !+ ==
>
0 %=0.003, B=0.1
0.05 — ™ _
mmuu® i'== :;i
0 x=0.006, p=0.2
0.05 |- . -
m .
m mEm n" .= :. ®
0 x=0.012,p=0.4
0.05 — ]
m Smu usl® 3"
0 ™x=0.0195, B=0.65
0.05 - B
iy g ; !
0 %=0.027, B=0.9
0.05 |- B
H mE g mEN
O \\\\\H‘ | \\\\\H‘i
10 102
Q% [GeV?]

e F, bE) (le,B,QZ) H1 prel.
= F, (x,Q%) H1 96-97

CEn

[
c_
>
N
~

LL

At fixed X,p:

F,P3(x,5%,02) evolves as E,(x,02)

independent of the value of x
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Pomeron Intercept in DDIS

H1 Diffractive Effective a (0)

© 1994 e 1997 (prel) 4 1999 (prel)

—~ 1.3
9 ~ ___.Inclusive
o
@)
1.2
1.1
o+ T soft IP
(U Q=0)
1 L L |
-1 2
10 1 10 10

Q% [GeV]
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Diffractive Dijets @Tevatron

Test QCD factorization

c 1l8——1—— LA BRI I I B
16F @ EX*?>7Gev ]
143_ |t]<1.0GeVv" ]
1.2 ]
1 _—+— ,,,, e T o]
0.8F ]

H2,5_:::: e E e e e e RS S e P

T .0 ®  Dijet 3

< f + Inclusive 3

S

U= 1F 3

Bo5E T

) C E
0 ........ | TR NI T R SRS S S TR S RS BN A

0.03 0.04 0.05 0.06 0.0/ 0.08 0.09 0.1

Test Regge factorization

3

o% - H1 fit-2 —+- CDF data
e H1 fit-3 ExX'?>7 Gev
10F  (Q=75Gev?)  0085<£<0.095
|t]<1.0 GeV?
10 E
L L H1-2002
0.1F
6.1 | 1
D
Fy5 (D)
suppressed at the Tevatron
relative to €xtrapol ations

Fu(&,B)=C L&

Regge factorization holds

from HERA parton densities

m=1= Pomeron exchange
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R;i(X) @Tevatron

~ 1
X [ m] A ° ] A v
oY <€>= 0.04 0.05 0.06 0.07 0.08 0.09
I Az = 0.01 E%etl'2>7GeV
oL |t]|<1.0GeV?
D F x2" stat. errors only
F (X) : B=0.5
R(X) — l) I
F I (X) '
. 10k
_3-
10 j
i
-1
X (antiproton)
-4
R _(6.1x10™7)
(X)‘o.035<5<o.095 - X0'45
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R=F;>/F"P

X f (X)

Q%=1 GeV?

gluon
valence quarks

10 —
i sea quarks

X (X) =—
&

¢ =01

—4‘ HHW‘—S‘ HHW‘—Z‘ HHM‘-l
10 10 10 10

1
gz1+ E

F¥ % x&) 0

£=0.1
=1l [ 55
E—min
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I:H:ND(QZ,X) |:|

10

1

o) L
1 =

Y

X

Power-law region . |

B<OOSE .

-1

Q% =75 GeV?

gluon
valence quarks
sea quarks

4
10

C(e)

£1+€ D

P Xova

Sl
=(e+A) !

—

(851

L 3 “““_2‘ \\\\\\\‘-1
10 10 10

APEN ORM ﬂ’
€1+E +A

C

%

1=
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= SD/ND STRUCTURE FUNCTION RATIO

R(x)

RENORM Prediction of R(X) vs data

CDF data R(X)
RENORM prediction

l EXp-Sysi-errors

[ Ratio of diffractive to non-diffractive
structure functions is predicted from PDF' s
and color factors with no free parameters.

eFj j(B,E) correctly predicted

—> Test: processes sensitive to quarks
will have more flat R(x) — diff W?

10 10
x—Bjorken

_(6.1x10™)

_(4.0x10™)

DATA
R(X)‘ 0.035<£<0.095 —

RENORM
R(X)‘ 0.035<£<0.095 — X0.55
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HERA vs Tevatron

M 2 E+ A 1
Fo(? 8,6 DR, (e+A)E”J 16

L X S

max

e g

(re)normali zeagap probability

1 C
(& [—
gzl+g +A ﬁA

J

o
Pomeron flux

FP (o2, 5,8) O A 0.76x

*G
B

RENORM PREDICTIONS

HERA Tevatron Tev/HERA

(e+A)_effective - 0.55
Normalization 0.76 0.042

RX)=FPO)F(x)  (fla)  xENeff
£_eff = [E+A@))/2 0.2 --

~ X-0.5
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Another 1ssue
OCD evolution

2
R;(Xg)) vs Q
CDF Run Il Preliminary

—#— Q'= 100 GeV* (E, < [8,12] GeV)
—m— Q’= 400 GeV? (E, « [18,25] GeV)
T |—— Q'= 1600 Ge V¥ (E; < [35.50] GeV)

Ratio { SO /AE )/ ND

2
10

1n'3 L | E4||§|||i . L el I [ T R B |
10° 10° x 10

No appr eciable E? dependence observed within 100 < E;2 < 1600 GeV?
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R(x) per unit
5 [l

[EnY
o

[EnY
o

Dijets in Double Pomeron Exchange
Test of factorization

jet et 5 =

m = o= L R(sDIND)
[_)SD jﬁ:}t jﬁt EQ : equal?
| - : > R(DPE/SD)

DPE Jet Jet

ND

I Yoy
I
Mo
(not detected)
o ROPE 7<EF"?<10Gev
. RSD 0.035 < §&; <0.095
e 001<z <0.03
_% It |<1oeev
L

'
=
T T T —TTT

L e REESSRE

I T 7 | Thesecond gap isless suppressed!!!
L — Factorization breaks down,
e but see next dlide!

Manchester 14-16 Dec 2003  Diffraction from HERA and Tevatronto LHC K. Goulianos 25



F(B)

I

DSF:. Tevatron double-gaps vs HERA

= f a |
~ from DPE/SD, 0.01<£<0.03 5= {__ [ e HA fit2 # COF data
I —+ CDF dala, based on DPE'SD — HA f19 EF'2 .7 cay
1ooL ~+ from SDIND, 0.035 <& <0.095 J00L | e T ’
5 3 E(OF =75 GeV®) 0.035<E < 0,085
[1]=1.0GeV*
10 b 10 e
b 3 T +
+
1L 1k
. — H12002c,° QCO Fit {prel.)
01 E ﬂ1 3
0.1 1 0.1 1
i i

Thediffractive structure function derived from double-gap

events approximately agreeswith expectations from HERA
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SUMMARY

Soft and hard conclusions

62 Soft Diffraction Use reduced ener gy cr oss section
_ _ = Pay acolor factor K for each gap
Hard Diffraction Get gap size from renormalized Pgap

Diffraction isan interaction between low-x partons subject to color constraints
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Inclusive Diffractive Higgs at the LHC
p+p > p-gap-(H+X)-gap-p
ln S;_HC = ln SI'evatron

oP(LHC) ~k#* oNP (Tevatron)

=> (0.17)2* 1 pb = 30 fb



