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p-p Interactions

Non-diffractive: Diffractive:

Color-exchange Colorless exchange with
vacuum quantum humbers
rapidity gap

Attt

Incident hadrons retain
their quantum numbers
remaining colorless

Incident hadrons
acquire color
and break apart

Goal: understand the QCD nature of the diffractive exchange
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Diffraction at CDF

Elastic scattering O1=Im f, (t=0)  Total cross section
>
>
¢ ¢
OPTICAL
 GAP THEOREM
N n
SD DD DPE SDD=SD+DD
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CDF Run-I@ (1988-89)

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

Roman Pot Spectrometers

oty Lot 1 CDF-T
eam axis ‘ | IIr| \
Roman Pot Detectors i Ly / \ Ly ——
> Scintillation trigger counters
> Wire chamber Roman Pots with Trackers
> Double-sided silicon strip detector up to In| =7
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GSD

ey

Factorization =

dtd¢

“* Regge theory
Ogp eXxceeds oy at

\/gz 2 TeV.

< Renormalization
Pomeron flux integral

(re)normalized to unity

KG, PLB 358 (1995) 379

’. cSIP P (M X )
Pomeron flux |

Total SD x-section

100
< 0.05

Albrow et al.
Armitage et al.
LA

COF

E710 ~
Cool et al.,,-”

¥ @+ OM0ux

-
=

Total Single Diffraction Cross Section (mb)

N
.
N

Henormalized flux
f 1

0.1 O
J ] fupeydedi=1
Emin =00 , ,
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Vs (GeV)
Blois Workshop 2007 Diffraction at CDF K. Goulianos

DESY, Hamburg, Germany May 21-25



A Scaling Law in Diffraction

KG&JM, PRD 59 (1999) 114017

S

> P, stdandrenorm. @ 14 GeV (0.01 <£<0.03) -

. . & [ e fuxiits [120 GeV (0.01 <£<0.03) |

L™ . 03)

renormalization ) o A 548 GoV. (0005 <5=003) ]
v - I O 1800 GeV (0.003 <& <0.03)

2& 810 N 1 E

d O ST»1 ;o [Bzd )" :
5 oC N L 10—2? A=0.05 -

5 N § g lux prediction

I “Ni. w1800 GeV std. |

NU 10 3 SN\ flux prediction

=> Independent of S over 6 , N :
orders of magnitude in M?| oL renorm flux S\ Q
g prediction E

Factorization breaks down so as to ensure M2-scaling!
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CDF Run-I

Run-IA,B

/ ﬁmﬁAyﬁM

CES
CPR

Forward
(Not-To-Scale)

- —
p 4 INTERACTION POINT

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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Central and Multigap Diffraction

_ M,

Q_|Q-
S1Z2

p L Q Double Diffraction Dissociation
Y SN
P <In M2> ‘M2 |
M2 ns

» One central gap

a Double Pomeron Exchange

LA - > Two forward gaps

—a—P Ty T 0 SDD: Single+Double Diffraction
Py, | AN A

M, —ns » One forward gap+ one central gap

Rate for second diffractive gap is not suppressed!
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Diffractive Fractions

PP — (¥ + X) +gap

_ *} Fraction(%)
ggj;ﬁf'[;m: " W | 115 (0.55) All ratios ~ 1%
ratio =~ uniform suppression
at 1800 Gev | J9 | 975 (0.10) ~ FACTORIZATION |
b | 0.62 (0.25)
T/v | 1.45 (0.25)
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Diffractive ""/Factorization

B=momentum fraction
of parton in Pomeron

P=xg;/&

—

> R(SD/ND)

—
—

— R(DPE/SD)

— DSF from two/one gap:
factorization restored!

(B)

= f [N
Q= 4 frgn DPE/SD, 0.0//<£<0.03 ao [ - Hifit2 —+ CDF data D:: :
100+ flom SDND, 0.9B5<2<0.095 W b Hefits3 ER125 7 GeV . % CDF data, based on DPE/SD
1ok (Q°=75GeV?) 0.035 <& < 0.095 1oE
f [t]<1.0GeV? i
10 —— I
—— 10 10 g
e F At _*_
; - —+-
1L L
[ — H120020,0 QCD Fit (prel.)
01k i ; R I
. 04| ~ H12002°QCDFit (prel,) y 01l
0.1 1 oo i P .. 5 P ooy e ey
B 0.1 1 0.1 1
§ P

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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Run IT results

> CDF-II detectors
> Diffractive structure function
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CD-ITI Detectors

\
'#'.I 2m
Roman .=
Pot
B i | simeocor ROMAN POT DETECTORS
coceptance g
D.02<E<0] | W_—y
De<jt]<2 GeV
Dipoles - < BEAM SHOWER COUNTERS:

- BSC

| 5.5<N<T.5
5op | ——MiniPlug

I ll: 3.5<|n<5.1
— CLC
= J.7<|n|<4.7
DF |l — central
“— Plug
P B
— MiniPlug
.y
= -3BSC
-
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DIFFRACTIVE STRUCTURE FUNCTION

n
Non-Diffractive  Single-Diffractive FND (X , )
(ND) (SD) B)

Systematic uncertainties due o energy scale and resolution
cancel out in the ratio
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Diffractive Dijet Signal

- Bulk of data taken with RPS trigger but no RPS tracking

- Extract & from calorimeter information

- Calibrate calorimetric & using limited sample of RPS tracking data
- Subtract overlap background using a rescaled dijet event sample
- Verify diffractive & range by comparing ERPS with ECAL

¢ CDF Run Il Preliminary

10
@ F[—— RPS+1Jet5 : ;
S 10° L —— RPS (w/track)+Jet5 - rescaled N\
> L Jdets (E}">5 GeV) - rescaled |
104 ;_ : : : : : )
= Z E;e™
3 CAL all towers
T b g —
A Vs
10° -
10
1
10" L
10
Overlap events: mainly ND dijets plus SD low & RPS trigger
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Alignment of RPS using Data

/ - ,CDF Run Il Preliminary
I | /@ > é-o.a ]
| ' RN
maximize the |t|-slope : AN
=~ determine X and Y offsets * .

I R T R R N R
Y offset [cm]

10
] —— X oot AL NOMINAl

| —— X eert0.2 €M

CDF Run Il Preliminary

NN -
: <

do/dt [arbitrary units]

0 [arbitrary units]
T

o
o

slope at |t|
S \
(=]

-1 B 1
0I L1 Io‘.1l 1| Io.lz\ 11 I0-|3I 1| I0.|4\ 11 Io-lsl L1 Io.lsl 11 \0-|7I L1 Io.lal 11 \o.lgl L1 I1 _1'27 | | | -0.4 | | | -0.2 | | | (I) | | | 0.2 | | | 0.4 |
It| [GeVZ] X offset [cm]
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ECAL Calibration

CDF Run I Prellmlnary

CDF Run Il Preliminary

3 12 ) 0'15 21 ndf 4.40278 |
31 Slgnal reglOn Over|ap events 0091 :;ob B e e e
TS 0.08] |_p1 0.9684 + 0.03714
0_073_ .....................................................................
o_osf_ OIS RSSO INUINNY DU N N (N W S———
005; e eccccccenocmfpraeeseeccoceolpecnoommmooeeecoreccoccogmseeeees
0_043_ .........................................................................................................................................
0_03; .........................................................................................................................................
002%_ ..............
0_01; ........................................................................................................................................
SN P TR SUREE NN SRS SETTE P SENTE N

Constant 25.56 + 2.447

= “.{:DF Run Il Preliminary — . Cal . . .
£ Ay 16 | | |
geal distribution

Mean 00586 + 0.001143

s=—emame) £or slice of ERPS

0 0.01 002 003 0.04 0.05 006 0.07 0.08 009 01

RPS

E_,—

S G / mean ~ 30% gCAL =(0.97£0.04) gRPS

= § T L L L
L] 002 004 006 008 01 042 0.4 0.18‘:“0.18

5
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Dijet Properties

10000

DF Run Il Prellmlnary

l!l.I.I.H 0

T

~SD
—~ND

9000
8000

Events

ND norm .to SD

5000 _
4000 ..
3000

1000

RRRRRRLAN RARENRARRNRLALN RARRN LRRRDLERRANY.

14 16 18
MPB multiplicity

CDF Run Il Prellmmary | 1400 CDF Run Il Preliminary

" [— SD . SD boosted 2 ) | |

1000:_”_._ ND ..... ....... '.} Oppos|tet0pbar _____ 1200 lND "lf

: T :
H H H f" 5 H
s00l ND norm. to SD -i’“’ ...... 1"/ ............... 1000 NDnormtoSD |

1200

Events

Event

5 5 5 . 5 5 5 800
600— ... — S L S R O R S
B B B u B B 8 600

: ; ; ; o ;
400 — ... ............... .............. ............... !i‘; ...............
5 5 5 5 F O 5 400
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: z . z
200 : gl e — “‘; ............... 200

3T b0 15 2 25 3

n = (e + )2 Ag = """ - ¢*?| (radians)
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E-- distributions

10° CDF Run Il Preliminary | | 10t C CDF Run || Prellmmary

. |=~8D
A |=nD

- SD
= ND

Events

Events

2 10 E_! ......................................................................................
10 E_ .......... - .......... .............. .............. .............. .............. ............. ND norm to SD E. ND norm to SD
E =  JetEp>5GeV -
Sl 0 Jet ET>7 Gev
[ : § § § § : § § ? ................................................................................................................................
10 R B B S I E.
E 10 oo R

0 20 40 60 80 100 120 140 160 130 200
+« CDF Run Il Preliminary

10

=D
= ND

END nbrm fo SD
;Jet E >20 GeV

- =8D
£ l=nD

100 e A— —— — S— S—
] ] ] 5 5 ' ND norm to SD
Jet E;>50 GeV

Events

| IIIIIII|

B m
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[ =]

| IIIIIII|

10

ST 1 . "

Iilllilllilllil J:lJlJ:lJIIiIIIiIII

20200 00 ay e es— 0 20 40 60 80 100 120 t1140"160"'13 200
E, -(E!§“+E!:t=)12 (GeV) E. = (E"+El?)/2 (GeV)
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Diffractive Structure Function:

Q? dependence
CDF Run II Prallmmary

(= 10 £ 5 2
= = . |®Q's 100 GeV?
S F E1Jet 100 GeV !  |mok 400Gev?
M*E'.‘IP i : : ] : ; & Q' 1,600 GeV’
R [ S e — — .............. ........... = b -t 3,000 GeV? |
(o) = : : : : : : Q' 6,000 GeV
A o o el
:%10'1 s e S ............. .............
= - il
2| ' ' | ; ; . i
10 = 003‘:&;%"‘1009 ................ - ......... : ‘ .........
Q7= <Ep? «:ET:--[E"“q-EfT'ﬂ]m 5
B werall ayat unnertalnty + 20% [nnrm],+ﬁ% [slupe] |
10-3'-3 I ST "_'"'| SRR L p
10 10* Xg, 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
from inclusive PDFs
and color factors

antiproton

proton
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EXCLUSIVE PRODUCTION

Measure exclusive jj &yy => 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)

.............................. KMR: GH(LHC) — 3 fb
Discovery channel S/IB~1if AM ~1 GeV

Search for exclusive dijets: Search for exclusive Yy
Measure dijet mass fraction A ® v' 3 candidate events found
O v'1 (+2/-1) predicted

M, P from ExHUME MC
i~ M. (all calorimeters) o =y es’rima;recé ~1 bgd event
' E}: ;, from 10 ° ,m 1
Look for signal as R, 1 5 . o <410tb(95%C.L.)
Blois Workshop 2007 Diffraction at CDF K. Goulianos 26

DESY, Hamburg, Germany May 21-25



Exclusive e*e- Production

PRL 98, 112001 (2007)

16 candidates : E. >5GeV,|n|< 2

Backgound : 1.9 + 0.3 events
5.50 observation

oo, =1.6703(stat) £ 0.3(syst) pb
o ppar =1.71£0.01 pb
agrees with LPAIR MC (QED)
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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.00 CDF®H1 S 15 DPE data (SVT)
b F 71 | . .
I =S F vV |:| Systematic Uncertainty
o -
10°F P R s =S
J - d T
10-3 E T - ata {stat. on L - -+ ;g :
F 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,
]| )l . . i i
Excess over MC pr'edicﬂons 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
2 L F =15.0+1.2% + DPE data (stat. only) 2 - F  =158+1.3 % »  DPE data (stat. only)
@ 600 ™ (gt only) | POMWIG: CDF&H1 ® 600 ™ (ctatonly) |- POMWIG: CDF&H1
u‘-‘j - [[] ExHuME u=j - [ Exclusive DPE (DPEMC)
500 Best Fit to Data 500— Best Fit to Data
- 3.6 <n,, | <5.9 - 3.6 < [n,,.| <5.9
a0t £ > 10 GeV 400 EF2 > 10 GeV
300; | + E<5GeV 300; | + Eft<5Gev
2001 2000
100 100[
0: ] = . 0: ; L p——r | ] ey .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
R =M /M, R =M /M,
i i
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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jlexci: EXclusive Dijet Signal

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

CDF Run Il Preliminary

CDF Run Il Preliminary

L. = LL i
1.5 b I:1 = Fbcfincl / <Fbo!incl(Rjj<0'4)) ' = o 1- |:1 =1- [Fbcﬁncl / <Fbcﬁnc|(Rjj<0-4»]
i o F,=MC,_,/Data,_, -~ 0.8 O 1-F,=1-(MC,,/Data,)
: I:l F, Systematic Uncertainty 0 6:_|:| 1-F, Systematic Uncertainty .}
i B MC,,., = POMWIG + Background
1—+—=$=i:—- e L L L LR e L P e PR R PR L PR L e - (CDF©H1-it2) —+—
= | 0.4 | normalized to Data,, at R;<0.4 ¢
i | F, : stat. error only
- * 0.21- :*:
- MC,,., = POMWIG + Background | B
0.5 (CDF&H1-fit2) B
| normalized to Data,, at R;<0.4 ! 0 :T: .....................................
- Fz : stat. error only - =
o by e b b b by b b By - T T e
0 01 02 03 04 05 06 07 08 09 1 0437457030405 06 0.7 0.8 09 1
R; = M,/M, R, = M./M,
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NN

. X-section vs E-(min)

Comparison with hadron level predictions
ExHUME (red)

Exclusive DPE in DPEMC (blue)

excl

CDF Run Il Preliminary

+.,* Data corrected to the hadron level

a
J N
e, ™o

—

o

Cad
ILRRLIL B

—
]
ha
| ||||||||
II-:"
=
)
¥
»
.
N
»
"
x
»
.
N
a
.
N
»
|
)
-

ExHUME
105_ + -'.'.'rrl.' rrrrrrrrrrrr
; E!Fﬂ“:}E'?'““ * rrrrrrrrrrr
1 B l]_ljﬁt"l,zl {2.5
E B.Eﬂqgapf-‘.ﬁ.ﬂ
" 0.03<Z-<0.08  aror iDiI HE
10-1..I..p..l....l....l....l....l..
10 15 20 25 30 35
min
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JJ... . Cross section predictions

excl -

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

“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 ll_ljan,zl <25 Yy
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

CDF - what we have learnt

M? - scaling = do/M? not a function of s

multigap diffraction =restoration of factorization!
flavor independence of diffractive fractions

small Q2 dependence of SD/ND xg;-distributions
t-distributions independent of Q2

exclusive dijet cross sections favor the

perturbative QCD over the DPE approach
LHC - what to do

> Elastic and total cross sections & p-value
» High mass (94 TeV) and multi-gap diffraction
> Exclusive production (FP420 project)

For a QCD perspective, see Tuesday's talk on:

VVVVYV VY

_Pomerom Intercept and Slope: the QCD connection”
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