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Non-diffractive:

Color-exchange

Incident hadrons
acquire color
and break apart

T

p-p Interactions

Diffractive:

Colorless exchange with
vacuum quantum hAumbers

rapidity gap

CONFINEMENT

V]

(VaVaV AV

f

/ @ Incident hadrons retain

their quantum numbers
remaining colorless

}

pseudo-
DECONFINEMENT

Goal: understand the QCD nature of the diffractive exchange
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Diffractive pp Processes

Elastic scattering O1=Im f, (t=0)  Total cross section
’ :::]'EEEE
>
¢ ¢
OPTICAL
< GAP THEOREM
n n

SD DD DPE SDD=SD+DD
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CDF Run 1-0 (1988-89)

Elastic, diffractive, and total cross section
@ 546 and 1800 GeV

Roman Pot Spectrometers

e L o i CDF-I
&am axis p o= ‘ ! » u 1 II” \ i
Roman Pot Detectors | g / \ Ly —]
> Scintillation trigger counters
> Wire chamber Roman Pots with Trackers
> Double-sided silicon strip detector up to |nl =7
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CDF-I

Run-IA,B

ﬁwﬁAyﬁM

CES
CPR

Forward
(Not-To-Scale)

n=24

BBC I

b 4 INTERACTION POINT Z n= 4.2

DIPOLE MAGNETS —\

X ROMAN POTS

at 57 m
%<0.97 [Scintillator fiber xy-trackelj Forward Detectors
270 u pitch, 2 m lever arm BBC 32<n<59
x=1 [Acceptance: 0<I|t| <1, 0.03<§ < 0.1] FCAL 24<‘|’]<42
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ELASTIC AND TOTAL CROSS SECTIONS

@ Tevatron: CDF and E710/811

=> use luminosity independent method €

optical theorem

167 (dN,| 1
1+ p*\ dt |_,/N,+N

inel

Alert:
» background N, ., yields small o+
» undetected N, ., yields large o+
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80

Total Cross Sections: Regge fit

T T

(a)

O — CDF
# — E710
X — UAS
+ — UA4 & UA4/2

CDF

150

O — AKENO
% — FLY'S EYE

T T /
Bor'n_*/v- i
level |,

CMG fit:

Covolan, Montagna, Goulianos

PLB 389 (1995) 176

Simultaneous Regge fit to
DL pp, np, and Kp x-sections

1 using the eikonal approach
to ensure unitarity

o> s°

| € = 1.104 +/- 0.002

>0,.=115mb
@14 TeV

Vs (GeV) Vs
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G+ other approaches

140 | — . . S
1 el
130 ] E 120 - /
- pp 3 — best fit with stat. error band ]
120 . pbar p 1 o . . - .
. o incl. both TEVATRON points
mmog T PP Iog_}(\-.-m) b total error band of best fit
—————  pbar p, log*(v/m) 100 tal ert : f
10k em———- pp. log(vim) total error band from all models
L . -
£ ool pbar p, log(v/m) i considered
£ 80 |-
© E Cosmic Rays
B z.
—_— ] 60 -
g < :
3 ' -~ -
E a0 0 T
FEra i " PR | i i PR - 2 - - 3 4
100 1000 10000 10 10 ’% v
VS, in GeV Js[GeV]

COMPETE Collaboration fits all available hadronic data and predicts:

eg, M. Block, arXiv:hep-ph/0601210 (2006)

LHC: G, =111.5+12 "+

]

I =

1
1 mb

[PRL 89 201801 (2002)]

=» fit data using analyticity constraints
M. Block and F. Halzen, Phys. Rev. D 72, 036006

o (LHC) = 107.3 +1.2 mb Recall CMG Regge fit: 115 mb

HERA&LHC, 12-16 March 2007 Diffraction from CDF to LHC K. Goulianos 11




oy and p-values from PDG

b | P = ratio of real/imaginary parts
o} I of elastic scattering amplitude at t=0
80 | * pbar p data oCDF |
o : 1E710
e "E811
50 - & O-T
PRI L CDF & UAd ' :
O] Cempgrt . B 1 optical theorem
. , o~ Im f,,(t=0)
| ;e ' Q I dispersion relations
RN _
00 $ ‘!‘ : * E81_1.; Re fel(t:O)
; E. ¥ = pp data
a 01 ﬁ;#. e pbarp data
i | . .
0 | N. Khuri and A. Martin:
oaf | -_ measuring P at the LHC tests
i ' discreteness of space-time
o4 '1|o TS I Hlfoloo
E__ inGeV

CCCCC
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SOFT DIFFRACTION

scaling
QCD
multi-gap




2
d'og,

dtd¢

Factorization =

“* Regge theory
Gsp exceeds oy at

\/gz 2 TeV.

% Renormalization
Pomeron flux integral
(re)normalized to unity

KG, PLB 358 (1995) 379

0.1 O
[ ] f,(t.5) dedt=1
Emin t=—0

Renormalization

’-ompmi)
Pomeron flux |

100
< 0.05

Albrow et al.
Armitage et al.
LA

COF

E¥10

Cool et al.,,-”

¥ @+ OM0ux

-
=

Total Single Diffraction Cross Section (mb)

-~
-~
PN
Pl

- Standard flux

Henormalized flux
f 1

10 100

1000 10000

Vs (GeV)
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A Scaling Law in Diffraction

KG&JM, PRD 59 (1999) 114017

renormaliza’rion:ﬁ

\V4
do 5% 1

dM 2 x (M 2)1+5

=> Independent of S over 6
orders of magnitude in M?!

/\ ,IO E T T T TTTTT T T T TTTTT T \\\HH‘ T T T TTTTT T \\\HH‘ T T T 11717
i N 1
% std. and renorm. @ 14 GeV (0.01 <£<0.03) -
o L [ (20 GeV (001 <£<003) |
‘é A 546 GeV (0.005<£<0.03) -
~ i O 1800 GeV (0.003 <& <0.03) |
1
3 10 E RN 1 |
? | A N 2 1+A
I =& (M)
5 -2l A=005
= 10 = N\ =
S g - — N\.. . ¢—— 546GeV std. |
% r A=015 flux prediction
o 4oL 2N w1800 GeV std. |
& E . flux prediction 1
©O C RN ]
4 renorm. flux W\
10 = prediction BN E
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The QCD Connection

Total cross section:
power law increase versus S

EmEEEEEgEEEER
-------------

The exponential rise of G(Ay') is due
to the increase of wee partons with Ay’
(E. Levin, An Introduction to Pomerons Preprint DESY 98-120)

< = —>
:Ii: ¢ Ay =Ins Elastic cross section:

\ forward scattering amplitude
Im f,(s,t) oc &Y
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Single Diffraction in QCD

(KG, hep-ph/0205141) 1

t ‘ | g Ay Ay’ @

= 2\1+¢
regoe (M)
. : . color
2 independent variables: t, Ay
2
d'o

dt dAy

do
dM*

—Coe sz(t)t {e(5+a't)Ay}2 ore {O_O egAy’}

\ / - /)
Gap probability

Ay=Ins 28Ay~ 2(9
P\ [ ~ S

Renormalization removes the s-dependence = SCALING
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Multi-gap Renormalization

(KG, hep-ph/0205141)

“

_CxF 2(t1)H {e(g+a’ti )Ay; |2 % Kz {(7 eg(Ay{+Ay'2)}

H dVi i i=1-2 i

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

ay=lns 2EAY  2gl|| Same suppression
_[ S as for single gap!
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Central and Double Gaps @ CDF

— . mﬁ . 0O Double Diffraction Dissociation
P <In M2> iln M2 |
M, " s 2 » One central gap
) S a Double Pomeron Exchange
N IS > Two forward gaps

T e 2 SDD: Single+Double Diffraction
P\ I_‘J
Pt <In M2—> ~—In |V|2—>
p v <1 —ins » One forward + one central gap
2 ns
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Central & Double-Gap CDF Results

Differential shapes agree with Regge predictions
CDF Preliminary ~ M% (Gev?)
108 \s=1800 GeV 110 10° 10° 10" 10° 10°
2 s=1800 GeV 2 e DATA ST I R M s
S « DATA o —SDD + SD MC i DA
10 — DD +non-DD MC G 5'°F - DPEMC
T non-DD MC 104 M f -~ sbMC
104k é’m“; DPE+SD-M I.
5 f Freoveees,
LL,‘ 3 o L
103 N 10 ‘§ 103? _ﬁf
E il
o g2
102} 0% : h: 5
=}
DD : 1 DPE
10 -
10 F ‘ ‘
Il Il Il Il Il Il F ‘ ‘
0 1 2 3 4 5O 6 7 0 1 2 3 4 o 5 6 7 10°% 10° 10* 10% 107 10" 1
An Nmax Mmin Anexp=nmax-nmin &p
> One-gap cross sections are suppressed
\ » Two-gap/one-gap ratios are ~x =0.17
p « CDF po o CDF: one-gap/no-gap 8 f
A 102} o UA5 (adjusted) A * CDF: two-gap/one-gap S, 0.5 e CDF Data: DPE/SD ratio (Preliminary)
4: E_ Regge 4: 1 7 Regge prediCtiOn """"""""" B wf [ - Regge + Factorization
5 [ ----- Renormalized gap S [— Renorm-gap prediction .-/ ] < P %
= L = r § 04 Gap Probability Renorm.
g 8 2 - eron Flux Renom.
810 F g g
& 2} 4 o3
o
------------- S
""""""
[T
-1
1t 10 ¢
0.1
2 3 2 3 o ‘
10 0 10
10 0 s 1(geV) sub-energy Vs’ (GeV) ¥s ©ev)
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Gap Survival Probability

fi o CDF: one-gap/no-gap ® ®
A e CDF: two-gap/one-gap — 1 / 1
5 1 |- Reggepredicton .- . S —
.S — Renorm-gap prediction ————————— ] ' ) / ’ 0
© ]
g | Shewlime (1800 GeV) = 0.23
/;/ 2—gap/1-gap )
1-
\ T L gleo-ew (630 GeV) ~ 0.29
10 . 2—gap/1—gap
* Results similar to predictions by:
: | 1 Gotsman-Levin-Maor
102 10° Kaidalov-Khoze-Martin-Ryskin
sub-energy Vs’ (GeV) Soft color interactions
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HARD DIFFRACTION

» Diffractive fractions

= Diffractive structure function
= factorization breakdown
= Restoring factorization

JJ,W,b,J/vy

n —
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Diffractive Fractions @ CDF

Pp — (¥ + X)+gap

Fraction:
SD/ND ratio
at 1800 GeV

Fraction(%)

< |08

1.15 (0.55)

JJ

0.75 (0.10)

0.62 (0.25)

All ratios ~ 1%

=~ uniform suppression
~ FACTORIZATION !

J/y

1.45 (0.25)
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Diffractive Structure Function:
Breakdown of QCD Factorization

=
g e H1 fit-2 ~+- CDF data
LI__' _ .
= H1 fit-3 EF'#=7 Gev
100 -
= (Q°=75GeV?) 0.035< & < 0.095
1t]<1.0 GeV?
10 |
1 L
Using preliminary pdf's from ==
04l — H120025,0QCD Fit (prel.) ~—
AL .
| NI

B = momentum fraction
of parton in Pomeron

The diffractive structure function at
the Tevatron is suppressed by a
factor of ~10 relative to expectation

T from pdf's measured by H1 at HERA

Similar suppression factor
as in soft diffraction
relative to Regge expectations!

01
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Restoring QCD Factorization

A =

—
—

> R(SD/ND)

— R(DPE/SD)

— DSF from two/one gap:
factorization restored!

= —~ -
o= + fron DPE/SD, 0.05E<0.03 = Wi 4 COE s D%: i
100L -4~ flom SD/ND, 0.QB5 <£<0.095 L e HA fit3 E%—EH:EZ 7 GeV F -+ CDF data, based on DPE/SD
1ok (Q°=75GeV?) 0.035 <& < 0.095 1oE
i |t]<1.0 GeV? i
10F 10 _ 10 _
41,_+_—+—
1 +-
1L 1L
— H12002c,P QCD Fit (prel.)
01k ! _
) ) R 0.1 L — H12002c,D QCD Fit (prel.) ""::_’{_ 0.1 .
0.1 1 I 1 P . | N
B 0.1 1 0.1 1

The diffractive structure function measured on the proton side in events with
a leading antiproton is NOT suppressed relative to predictions based on DDIS
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Diffractive Structure Function:

Q? dependence
CDF Run II Prallmmary

a V¢ - [@Q 100GV
; - E-lJet 100 GeV I  |mQ’s 400 GeV?
wr - ; . : : : ; 4+ Q' 1,600 GeV
—_ 1 s .............. .............. .............. .............. ........... B anacancaannag ...... £ _le 3,000 GEV1 :
0 ; : : : : : : : +Q1== ﬁ,ﬂﬂﬂGeVJ
2 ¢ Q% 10,00 GV’ |
:g 107 - T e . .............
© = ; ;
= F il
B ' ' 5 : 5 5 ' ¥
107 L e ﬁEAL‘O it — T i B
- --«:E'T::'2 «:ET::--[EM"d-E'Tm]ﬂ
B werall ayat unnertalnty + 20% [nnrm],+ﬁ% [slupe] | +
10-3'-3 S SR S S SR SR SR S B
10 10? X, 10

Small Q? dependence in region 100 < Q2 < 10,000 GeV?
= Pomeron evolves as the proton!
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Diffractive Structure Function:

t- dependence

CDF Run Il Preliminary
statistical uncertainties only | —— RPSinclusive
N 5 5 5 —=a— RPS+Jel5 (Q'~225GeV?)
—— RPS+Jei20 (Q*~900GeV?)
—=— RPS+Jet50 (Q°~4,500GeV°)

10° o e

do/dt [arbitrary units]

RPS

0. 05< ‘é— <0 08 :
10 _Qz ‘E ,2 <ET’_(E:"+¢!2H2 .............. ..........................

Ilil\ll‘ll LIIIIL
o 01 02 03 04 05 06 0.7 ua 09 1

It] (GeVic)®

Fit do/dt to a double exponential:
F=0.9- €401
> No diffraction dips

> No Q2 dependence in slope
from inclusive to Q2~10% GeV?

CDF Run Il Preliminary

—_ 2
4 RPS
= 1_3— 0. 05<§_ <0.08
S
1.6
s F
E14F
2 [~
31.2:—
Qo 1__ ________________ P
r $ )
=o0.8 RPS inclusive
e B
L norm. to unity and
0.6 2 2
e | = set at Q=1 GeV
B0.4—
0.2F-
o: |\|||\| L |||||\|| L ||\|H|| L |||\|||| 1 |||H||| 1 |||||||‘
10”° 10" 1 10 10 10° 10"
2
Q% (GeV?)

» Same slope over entire region of
0<Q?<4,500 GeV?
across soft and hard diffraction!
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Hard Diffraction in QCD

P

Derive diffractive =% tiorot
from inclusive PDFs - antiproton
and color factors |
'
—_——— proton
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EXCLUSIVE PRODUCTION

Measure exclusive jj & vy = > > Calibrate predictions for
H production rates @ LHC

Bialas, Landshoff,
Phys.Lett. B 256,540 (1991)
Khoze, Martin, Ryskin,

Eur. Phys. J. C23, 311 (2002);
C25,391 (2002);C26,229 (2002)
C. Royon, hep-ph/0308283

B. Cox, A. Pilkington,

PRD 72, 094024 (2005)

OTHER. ..., KMR: o,,(LHC) ~ 3 fb
Clean discovery channel S/B~1if AM ~1 GeV

Search for exclusive dijets: | Search for exclusive Yy
Measure dijet mass fraction > @

L J

n

v 3 candidate events found

R = M, i v 1 (+2/-1) predicted
I M, (all calorimeters) P P from ExHuME MC*
: y v background under study
Look for signal as M, 1 g ¥
P — p  * See talk by V. Khoze
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Exclusive Dijet Signal

Dijet fraction - all jets b-tagged dijet fraction
D CDF Run Il Preliminary CDF Run Il Preliminary
-z-1u-1 B CDF®H1 ? 1.5 DPE data (SVT)
z 3 i . .
I 5 i ;l:: i |:| Systematic Uncertainty
10° | I O T T A
J . I.\l.f 1|__+——+—_‘+_
10° LA e Tl s | |
: ngafwgféaémﬁf W 0.5~ EFf(RAW)> 10 GeV
- = = - Background | In J<1.5
4 — POMWIG + Background _.‘.‘j\e.u.\....l..Hlu.‘\....l..‘.\uHl....l.‘..
105752 04 06 0B 1 0 0102 03 04 05 06 07 0.8 09 1
| R =M /M, R =M /M,
I I . . i ii
Excess over MC predicﬂons Exclusive b-JeTS are suppressed
S at large dijet mass fraction by J,= O selection rule
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R,;(excl): Data vs MC

CDF Run Il Preliminary CDF Run Il Preliminary

-g C F =15.0+1.2% + DPE data (stat. only) ‘2 C =15.8+1.3% »  DPE data (stat. only)
Q 600:— exe (stat_ on|y) """ POMWIG: CDF®H1 [4}] 600:— exe (stat. only) """ POMWIG: CDF®H1
T - [ ExHuME i - [ Exclusive DPE (DPEMC)
500 Best Fit to Data 500— Best Fit to Data
- 3.6 <n,, | <5.9 - 3.6 < [n,,.| <5.9
a0t EF2 > 10 GeV 400 EF2 > 10 GeV
3001 + Ef®<5GeV 300F- + EF<5Gev
2001 2000
100 100[
0: A | — L :.---.--. 0: . L e IS N T T S N ol MO, .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
R; = M; / My R, =M,/ My
ExHUME (KMR): gg—gg process Exclusive DPE (DPEMC)
= uses LO pQCD => non-pQCD based on Regge theory

Shape of excess of events at high R;
Is well described by both models
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L.

jlexci: EXclusive Dijet Signal

COMPARISON
Inclusive data vs MC @ b/c-jet data vs inclusive

CDF Run Il Preliminary

1.5

0.5

L
|

F1=Fogina / <Fbc!incI(Rjj<0'4))
F,=MC, ,/Data

incl incl

incl

| normalized to Data

- Fz : stat. error only

I:l F, Systematic Uncertainty

POMWIG + Background
(CDF&H1it2)

at Rjj<0.4

incl

+

0 01 02 03 0.

Ll 1 1 | Ll 1 1 | Ll 1 1 | Ll 1 | Ll 1 1 | Ll 1 1
05 06 07 08 09 1
R =M /M,
1 1l

L

n
—

CDF Run Il Preliminary

0.8

0.6

0.4

0.2

0

-0.20'

B o 1- |:1 =1- [Fbcﬁncl / <Fbcﬁnc|(Rjj<0-4»]
N O 1-F,=1-(MC_,/Data,__)
:_|:| 1-F, Systematic Uncertainty .}
B MC, ., = POMWIG + Background
(CDF&H1it2) —+—
normalized to Data, , at R;<0.4 ®

F2 : stat. error only ‘

B =

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
01 02 03 04 05 06 0.7 08 09 1
R =M/M,
1l 1l
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NN

Comparison with hadron level predictions

. X-section vs E-(min)

excl

CDF Run Il Preliminary

—
-E_ N ", Data corrected to the hadron level
= 10°E <F
T S , ..-...
R “ “reen, Exclusive DPE (DPEMC)
D | fro, . l.-..-..-
102 + Mur”h,.r“ i--.-.....'

—

-

-

-

L -
-
-
-
-
—
-

Elett 2 5 gimin T rrrrrrrrrrrrrrrrrrrr
1 ll_[]-ﬂ-ﬂlzl {25 %
3.6 <ng,, <359 -
0.03<Z-<0.08  &rror $$I aror Yst
-1 T e
Jet ET" (GeV)
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NN

ExHuME Hadron-Level Differential Exclusive Dijet Cross Section vs Dijet Mass
(dotted/red): Default ExXHUME prediction

(points): Derived from CDF Run II Preliminary excl. dijet cross sections

. Cross section predictions

excl

“L 102 B ExHuME (Hadron Level)
-g ‘:; S ".:*. ----- Default
o - ta ®  Derived from CDF Run I
_ 190 10 = e Preliminary o< (E7"")
?EF E:=: ) i . - [ ] systematic Uncertainty
si®  F —4=.,
10" —
E "2 < 2.5 Yral
10°L 3.6<ny,,<59
= 0.03<¢-<0.08
10-3_|||I|||I|||I|||I|||I|||I|||I
20 40 60 80 100 120 140 160

M, (GeV/c))

Statistical and systematic errors are propagated from measured cross section
uncertainties using ExXHUME M;; distribution shapes.
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Summary

TEVATRON - what we have learnt

» M?-scaling

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

= Pomeron: composite object made up from underlying
pdf's subject to color constraints

LHC - what to do

> Elastic and total cross sections & p-value

» High mass (@4 TeV) and multi-gap diffraction

» Exclusive production (FP420 project)
=> Reduced bgnd for std Higgs to study properties
=> Discovery channel for certain Higgs scenarios
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