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Diffractive signatures

» Leading hadron(s)
> Rapidity gap(s)

b B —:E P P
F:H FAH »
IF IF P ﬁ P
I
P P p p p

b 0 0 ¢ ®
l 4l l n M
Els=iic Single-Diffractive PDouble-Diffraclive Double Pomeron  SinglesDouble
{SD) oo Exchange (DPE) Diffractive (SDD)

Brazil 31 Mar —2 Apr 2004 Diffraction: from HERA & Tevatron to LHC K. Goulianos 2



Leading hadrons
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Rapidity gaps

» Minimum bias < Diffraction dissociation

¢
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From Poisson statistics: .
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dn X | RAPIDITY 5

P(AY) = pay p=—— DIFFRACTIVE i GAP l
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Ve ~ VE > j_c oc constant
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Gaps exponentially suppressed
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QCD aspects of diffraction

» Quark/gluon exchange across a rapidity gap: :g
POMERON } M

» No particles radiated in the gap:

N

the exchange is COLOR-SINGLET with vacuum guantum numbers

» Rapidity gap formation:
NON-PERTURBATIVE

> Diffraction probes the large disrt)ance aspects of QCD:

POMERON = CONFINEMENT

d PARTONIC STRUCTURE
d FACTORIZATION PROPERTIES
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History of Diffraction

1960
1960's

- ¥+

1970's
1983

1992
1993-2003

-+ = F

40 years of diffraction

Good and Walker
BNL: first observation

Fermilab fixed target, ISR, SPS
KG, Phys. Rep. 101, 169 (1983)

UAS8: diffractive dijets = hard diff
Golden decade: HERA, Tevatron, RHIC
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Soft and Hard Diffraction

0 SOFT DIFFRACTION 0 HARD DIFFRACTION
j;} "
dN/dn dN/dn
T An=-Ing ‘
) t g In M, 2 J e
E=AP, /P, Additional variables: (X, Q?)
T ofseatered (oo Xeg = DL B /43
Variables: (&, t) or (An, t) X= ,8 5, Q2 — (E-get)z

Brazil 31 Mar —2 Apr 2004 Diffraction: from HERA & Tevatron to LHC K. Goulianos 7



Breakdown of QCD factorization
HERA » TEVATRON

g |
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Diffractive vs inclusive structure fn's

CDF Run Il Preliminary
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Diffraction@CDF in Run 1|16 papers

d Elastic scattering  PRD 50 (1994) 5518

J Total cross section PRD 50 (1994) 5550

J Diffraction _ _ _ _
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dtdé

» Unitarity problem:
With factorization
and std pomeron flux
Gsp eXceeds oy at

Js =2 TeV.

% Renormalization:
normalize the pomeron
flux to unity

KG, PLB 358 (1995) 379
0.1 0

[ ] fept.e)dede=1

amin t=—0

Total Single Diffraction Cross Section (mb)
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A Scaling Law in Diffraction

KG&JM, PRD 59 (1999) 114017
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Central and Double Gaps

dN : : : L.
g . Lo Q Double Diffraction Dissociation
§ S Y
P <In M2~ <In M2~
M, L s 2 » One central gap
] S Q Double Pomeron Exchange
Y N
K S T » Two forward gaps
e Ly T 0 SDD: Single+Double Diffraction
IP\p
Pt <In MZ-> ~—In M22—>n
p “In1/E; —Ins »Forward + central gaps
2 ns
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Elastic & total &

Total and Elastic Cross Sections
Covolhg, Montanha and Goulunes, Flys. Letl 15 350 (1006) 176
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Generalized renormalization
(KG, hep-ph/0205141)

tH g Ay

2 independent variables: 1, Ay

K = gIP—IP—IP (t) ~ 017

ﬂlP—p—p(O)
d 20_ 2 (e+a't)Ay 2 gAYy’
:C-Fp(tl)-{e } OK‘O{GOG }
dtdAy D . y
Gap probability

N eZEAy —

Renormalization removes the s-dependence = SCALING
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The factors K and €

K= Gie-tpip =0.17+0.02 <« KG&IM, PRD 59 (114017) 1999
IP-p |

I +fq>< I
N

c

Experimentally:

Color factor: i =1 x Q* -0 >z0.75><%+0.25x§20.18

9 N? -1

Intercept: &=4,-w +4,-w,=0.12

S
— Q%=1 GeV?
x — gluon
10 & — — valence quarks
i g\O, 2 — seaquarks .
| 0 f.=gluon fraction
X -f(X) =— 9 .
X f,=quark fraction
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Two-Gap Diffraction

(KG, hep-ph/0205141)

“

_CxF 2(t1)H {e(5+a’ti )Ay; |2 % Kz {Go eg(Ay{+Ay'2)}

H dV, " 1=1-2

i=1-5 N _ - _
Gap probability Sub-energy cross section
626‘ Ay (for regions with particles)

as for single gap!

J‘Ayzlns 26 Ay 2| Same suppression
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Central & Double-Gap Results

Differential shapes agree with Regge predictions
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Soft Double Pomeron Exchange

» Roman Pot triggered events .
CDF Preliminary

> 0.035 < &-pbar < 0.095 o]
ﬁ g - Data :
t-pbar| < 1 GeV 2 T D R F?P.E.....MQ ...................
» E-proton measured using - EEQZD .
N T s s

[ /s =1800 GeV

\/7 Z EI @’

all particles 10 65_ 0.035 < § " <0 095 ....................
- | pbar | < 1 GCV2 | E E
» Data compared to MC based A :

Iy
o

(1/&) x Number of Events per Alog§

on Pomeron exchange with

=» Pomeron intercept €=0.1 _ - £
p

» Good agreement over 4 orders of magnitude!
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Soft gap survival probability

gap fraction An > 3.0

o CDF: one-gap/no-gap ® 9
* CDF: two-gap/one-gap . n / 1
1 | Regge predicton .- o S —

i e ] ¢ 0

[— Renorm-gap prediction .2 ] /

[ 1 n n

1 1-gap/0—gap ~

L S (1800 GeV) ~ 0.23
L glswo-sw 630 GeV) ~ 0.29
— 2—gap/1-gap ~ M

— 3
10 10 _
sub-energy Vs’ (GeV)
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Hard Diffraction & QCD

p+p—>p+Jdet+Jet+ X

The diffractive structure
function measured using SD
dijets at the Tevatron is
suppressed by about an order
of magnitude relative to
predictions based on
diffractive DIS at HERA

Factorization Breakdown

The discrepancy is
generally attributed to
additional color exchanges
which spoil the diffractive
rapidity gap.

10

0.1

Diffractive structure function
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T
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Double-Gap Hard Diffraction @ TEV vs HERA
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Diffractive structure function

from inclusive pdf's (KG)

8 2 2 1 8 2 2
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Xmax — 01 1 b !
| B <0.05¢
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Pomeron Intercept from H1

H1 Diffractive Effective 0,,(0) ap(t)=1+e+a't
© 1994 e 1997 (prel) a4 1999 (prel)

@) _
~ ~ ___.Inclusive

1.2 [~

1.1 —
( QZ: %) soft IP
=QE
1 . L | | |
-1 2
10 1 10 10
Q% [GeV?]
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Pomeron intercept from ZEUS

= 14
= [ ZELUS 98-99 (prel.)
Q“"I [ ® =00
B tifr oy
* 7
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1.2 | P litermimt ol ]':Llll.l|.l]|'|-:.l.l.:- Clonferenes on Higlhh Encegy Pluveles
[ 7

Juily 17 - 233, 2008, Anchen, Germmsaiy

Ahetrect: GHH

|.15;— +,’+

Besslon: HIPF
Deep inelastic diffractive scattering
measured with the ZEUS Forward Plug
Calorimeter

soft Pomeron

(g =1y, Mo

I- L TR | L Lol

1 1 10’
Q' (GeVY)
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CSE fraction
o
(@]
o

0.02

Gap between jets

p+p— Jet+Gap+ Jet

-

r

r m CDF

E ® D@ (norm to CDF mean)
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'_.3 E : :z»;dEET %DQ (norm to CDF mean) : jet :
E 0.02 [V high E . ) Ay >
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0 %030 a0 0 0 70 g
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Exclusive Dijets in DPE

Interest in diffractive Higgs production  Calibrate on exclusive dijets

Exclusive Inclusive
Khoze, Matrtin, P .
Ryskin
Eur. Phys. J.
C23, 311 (2001), = .
C26, 229 (2002) P
ggPP—>H n
CDF Run Il Preliminary
oo 5 Ty} Sh= (Prescale Z80)
DIJCT mass fraction = E —em 2 DPE = SD; + GAPy(5 5 g<7.5) (Prescale 5
MCOIle % 10 Eﬂ' _&__ﬂ_ - DPE = SDﬁ + GJ'-PP(B.Em@ﬂ.E] (Prescale &
- = e
RJJ — JJ g 1[;;|5 g- . _O_i_&__a‘__&__&_ Energy Scaletlic;;a:;t};
sl 1 —— —r =
M a 10 - _ —ron P
X v 103 = _ :g::rﬂ:*-ﬁ-—f:#:i__%_
jet excl jj [ E
Er O ppE (Rjj >0.8) £ LF ) _ %
g 10 Dijet Mass Fraction
10GeV | 970+£65+272 pb ﬁ 0 SD.:0.03< £;<0.1
25GeV | 34+5+10pb o Ehocev (0 e
To 0.2 0.4 0.6 .
Upper limit for excl DPE-jj R;=M;M,

consistent-with-theory
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Exclusive y,. Production in DPE

P+p>p+x (2> y+y)+D
* Evenfs are friggered on by a di-muon frigger
« Muons have Pf:w 1.5GeV, Inl <06

» Reject cosmic rays with time of flight info.
» Select events in J/y mass window.

EEE‘:F“-"”"“W"“’? DF Fun 2 Praliminary ——

'-1% ED; : 4F ' ' ' —— FakeEvi

@ o ]

5 sl JF+X Jel ]

N e events § Y a3 10 events:
of a5t
10 3 2 Exclusive
Bf : 15E ,
5t | | |X (=JfF+y)
o } | 1 osl candidates
ity ey 40 b Il S
o 10 2D 3 40 B0 &0 TO 28 3 32 34 386 38 d

M Hits Di-muon + photon Irmvariant mass (SaV)

Cross section upper limit comparable to KMR prediction
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Summary

SOFT DIFFRACTION
» M? - scaling

» Non-suppressed double-gap to single-gap ratios

HARD DIFFRACTION
» Flavor-independence SD/ND ratio

> Get diffractive from non-diffractive pdf's

Universality of gap prob. across soft and hard diffraction
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