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Hadronic diffraction

h h
Elastic and diffractive processes
= leading hadron emitted at small angle

rapidity gap

The exchange (“pomeron”) is colorless
= large rapidity gap P
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Introduction

 |n diffraction no quantum numbers are exchanged
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on-Diffractive Single-Diffractive Double Diffractive Double Pomeron
(ND) (SD) (DD) Exchange (DPE)

Shaded area corresponds
to particle production
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CDF central and forward detectors
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Diffractive dijets

E: fraction of anti-proton momentum loss
f: fraction of pomeron momentum carried by parton

parton XBj =p-g Phys.Rev.Lett. 84,5043(2000)
p = X
E. -e™ o — = H1 fit-2 ~+- CDF data
. T Hifit3 EE1257 GeV
Bj — \/g 1005’ (Q%=75 GeV?) 0.035 <& < 0.095
. . f t]<1.0 GeV?
Measure SD/ND ratio of dijet rates _ It

10 |

N= F . (x :
§ Ax :
CDF Run | result suppressed /

by factor of ~10 relative to HERA

—— o H120020.0 QCD Fit (prel.) e
=breakdown of QCD factorization O1E " Renly % it (prel.)

1

Discrepancy can be attributed to additional 0.1 1
color exchange which spoil the gap formation B
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Restoring factorization

ND : L [  -= CDF data, based on DPE/SD

— R(SD/ND)

) y P 10; —o—
A p@ § TL ++
— R(DPE/SD) '

P ;

P L " 9 P - — Expectation from H1 2002 ¢,° QCD Fit (prel.)
— r
b P L

01k

J \

 E——

factorization is restored !

L L

The diffractive structure function measured using DPE events is
approximately the same as the one expected from HERA
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Event selection in Run |l
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Multiple interactions in Run ||

CDF Run Il Preliminary

+CDF Run Il Preliminary 1.2

o 10E O . . 7 E—

H: S | signal region X overlap events

w 103; e B L | e e _- ......... ......................... 10
E - . v m’- 0.8] oo g S 8

10

-+
s
)

10 +"} =~

[ |II\|IHﬁ-—i‘|II\IIII

0.4 = “2" B < : — 4

o
(=]
N

003 004 005 006 007 008 009 __ 0.4

g fr,om RPS E—‘BRPS 0.2 _‘ - : o ’v ‘ ............... 2

0.4CDF Run Il Preliminary " .RPS
1 ndf 440278 : : ‘\:3-

3 oo Prob 0.8192 | S e o P
Ole E| po 0.005042 + 0.002196 : : ; :
0.08{_p1 _ 0.9684:+0.03714 |
0_072_..... - : :  3sCOF Run1IP y
F I i I ndf 1741713
0.06;— .............................................................................................. g o E:;'m:'.""' o,eﬁls:.:;;.%i
0055_ ........... 7-"? e Ecal d|Str|bUt|On
0.03) CAL B SIS SR VU S S b3 \ for slice of ERPS
ot 5 == (0.97£0.04) E> —
- T O / mean ~ 30%
0'01:_ """ : ! : A O —002 004 006 008 01 012 044 016, 0.18
S R R R S| L 5
0 0.01 0.02 0.03 0.04

nllnnnnllnnnnflnnnnils Lnnnn
0.05 0.06 0.07 0.08 0.09 0.1

Michele Gallinaro - "CDF experimental results on diffraction” - MPI@LHC'08 - Perugia, Oct. 29, 2008 8



Multiple interactions in Run ||

« Multiple proton-antiproton interactions spoil diffractive signature

10° CDF Run Il Preliminary
E Z
£ F—— RPS+Jet5 5
g 10° =| —=— Jet5 (E;?"" >5 GeV) - rescaled NN
w e A - z
T A S— I //?/////; AAAAAAAAAAAAAAAA
10° L : 5
10° L
10
1
— 10"
0.1 10°

E (RPS)
 Measure & from calorimeter and from RP tracking

* Reject multiple interactions
— exclude £>0.1 (ND+SD interactions)
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Q? dependence

CDF Run | Prellmmary
' E1Jets ~ 100 GeV |

-
o

#Q’x 100 GeV?
=Q’~ 400 GeV?
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Ratio (SD/ AZ)/ND

L <ET>2 <ET>_(EJGI1+EFt2)I2 z

overall syst uncertamty + 20% (norm), + 6% (slope)
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10° x_ 10

small Q2 dependence for 100 < Q2 < 10,000 GeV?

= Pomeron evolves as proton
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RPS dynamic alignment

i OCDF Rup Il Pr:'eliminary:
£ maximize the [t|-slope
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It| distribution

CDF Run Il Preliminary _ 2 CDF Run Il Preliminary
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s r —=— RPS+Jet50 (Q°~4,500GeV’) g 1.4E
_g : g : g 4 'é E
d 103 .......................................................................................................................................... (1+] 1.2 —
% S
I T . S S
o8 RPS inclusive
2 -
102 L O S © 06 - norm. to unity and
E — o
= p - set at Q=1 GeV?
- A , ; , go aF
-0.05< gE"s<o 08 oo, RO @F
10 _QZ sy <ET>25 <ET>_(E]e“+Eje.'2),/2 ................ ............... ey NI v e SOOI 0.2 —
C1 IIIIIIIIII L II L II Ll Illll II L Il IIIIIIILLJ IIIL : 1 |||l||l| 1 IIIIIIII 1 l|l||l|| | |||l|||| 1 IIIIIIII 1 lIIIIlII Ll
0 04 02 03 04 05 06 07 08 0.9 1 0™ A 2 3 2
Itl (GeVIc) 10 10 1 10 10 10 10

Q? (GeV?)

* No diffraction dips’ observed at |t|<1
o Soft and hard diffractive events have the same slope

Michele Gallinaro - "CDF experimental results on diffraction” - MPI@LHC'08 - Perugia, Oct. 29, 2008 12



Diffractive W/Z production

Study W/Z boson production helps to determine the quark content
of the Pomeron

O R _ N . _
P P P P
P IP
W,Z W.Z
P . p N
At LO, the W/Z is produced or Production by a gluon is

suppressed by a.. Can

by a quark in the Pomeron o _
look at additional jet.
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Diffractive W/Z production (cont)

« |[dentify diffractive events using RPS
e Calculate € from calorimeter

Entries 350
. _ _ CDF Run ll Preliminary :';-’@" ge27
e In W production, difference £°@-ERPS is G 30F WS eluv gt zomre
) . > cal . RP Prob 0.8174
due to missing E+, and 1. Sosf & <5 Conetant 21894 107
o L=06 fb Mean 809+ 07
— Siama 12112 0.69

gRP _§CG£ _ &e—m %20

Js s
15

-
o

» Can estimate:

— neutrino kinematics
— W kinematics

o

— X @26 /3680 80 100 120 140 160
BJ _ o M,, (GeVic)
e Next: Determine structure function in fruct W i -
diffractive W production reconstruc INvariant mass
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Diffractive W/Z production (cont)

W— e/uy CDF Run Il Preliminary
£ _[-= RPtrack . L=0.61b"
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-2.5

05 w1
log (S )

Remove events with non diffractive W/Z production+soft SD interaction
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Diffractive W/Z measurement

Measured fractions:

Ry = 0.97 + 0.05(stat) + 0.11(syst) %
R, = 0.85 + 0.20(stat) + 0.11(syst) %

Run | diffractive W studies performed with rapidity gap instead of RPS

CDF: Phys.Rev.Lett. 78,2698(1997)
— Fraction of events due to SD for x<0.1: [1.15+0.51(stat)+0.20(syst)]%

— Combined with other SD measurements (b-quark,jet), quark-gluon content of the
Pomeron is determined: f=0.54*016

DO: Phys.Rev.Lett.B 574,169(2003)
— Fraction of events with rapidity gap:
— W:[0.89%019 ) -1%
— Z:[1.44 %061 1%
— [If correction for rapidity gap acceptance is applied...R(W): 5.1%]
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Diffractive rates

Pp— X + gap W probes quark component (gg—W)
=12 :
Measured SD/ND fractions at 1.8 TeV 5
o1
PRL process fraction [%0] %0-8
m
84 (1997) 2698 W(ev) 1.15 (0.55) 06
PLB 574 (2003) 169 Z 1.44 (0.60) :
04 ™
84 (1997) 2636 jet-jet 0.75 (0.10)
84 (2000) 232 b 0.62 (0.25) 0.2
87 (2001) 241802-1 JNp 1.45 (0.25)

0 01 02 03 04 05 06 07 08 09 1
GLUON FRACTION IN POMERON

All SD/ND fractions ~ 1%
Different sensitivities to quark/gluon
=gluon fraction f,=0.54 (0.15)
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Central gap between forward jets

CCAL and PCAL

Rapidity gap in Central

. > E CDF Il Preliminary
O n6 [
and Plug calorimeter 210 P, P,
E’J 0° —> candidates for jet seeds ----MinBias
e Characterize gap formation £ 10

e
o
w

2
°m lllllfTT| |||||m] ||||||TI] lllllﬂq.-l-'l_l_ll_ﬂq_,4-r

— fraction of gap events (soft and
hard interactions)

— dependence on gap size
* Mueller-Navelet jets

e
o

—

~%5 5
E, (GeV)
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Jet A¢ correlation

Ag for MPP-MPE jets with CCAL<PCAL o 93P
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2 3s0f 7 CDF Il Preliminary 2 6o 1 CDF |1 Preliminary
S F gap e
2 300 I
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3 200 E L
= s =z B
u 30—
150 u
100f— 20:_
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0 0.5 1 1.5 2_2.5 3 o_f....l.....l.....l. , |
Aq)_lq)je"'(bjetzl (rad) 0 0.5 1 1.5
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Rapidity gap event fraction

< [ CDF Il Preliminary —e— MinBias %!]!]
:? 1 = —%— MP_oMP; Jets, Ef"*> 2GeV
i E R,=N,, /N, —+— MP_sMP- Jets, E; "> 4GeV Nmin| N
oL oo 3.5<| "2 |<5.1 il il
- CCALgap = e, iy
8. [ required -""'_..
% 02 _.__'_-v—-{_- _— * . Versus
— ‘I‘ —I——I—-'-'T"T'.?._ -~ . -
- +—|— _I_]L_I_]LH_T- T - Jet %N Jet
] I T 1
10° = Tﬁ, 1 ]
10% |-
- L | L I.l L L L | L L L L | L L L L | L L L L | L L IH
0 1 2 3 4 5 6 7
< ‘ﬁn=nmax'nm_i$

Gap width

« Event fraction is ~10% in soft events, and ~1% in jet events
« Shapes are similar
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Exclusive production

p P v'clean process
v'exclusive bb suppressed

H Khoze Martin Ryskin: o,(LHC)~3 fb,
signal/bkg~3 (if AM;.;=1 GeV)

Attractive Higgs discovery channel at the LHC

=much larger cross section

Goal:

»measure exclusive dijet production (if it exists)
»test/calibrate Higgs predictions at LHC
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Exclusive dijets in Run |

(not detected)

- PRL 85 (2000) 4215
% (d) Expected shape
- | of signal events
Z 10 \ 1
L)
= .
- M; ch—) .
Mass fraction: K= M, < an
EXC|USIV€ dljet Ilmlt FrHTE | PR T e e
Run |: PRL 85 (2000) 4215 0 02 04 06 08 1
= O; (excl.) < 3.7 nb (95% CL) Dijet Mass Fraction
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Observation of exclusive dijets

Phys.Rev.D77:052004,2008

Observe excess over 'M 16.94 Gev: \
inclusive DPE at large Mjj To0 -~ \
o q \\\1
\ @ /;'}
E 4 B ® DPE data (stat. only) N\ ' E “:\ /
210 - L T e Background \ ‘ /,;/ 7/
10'2;— ] -
- ; o
10-3 B POMWIG + Background S ET - 33 Gev
; l ------- Pd wuc CbF " 1 ET2 = 3| Gev
- POMWIG : H1-fit2 .
N o POMWIG : ZEUSI-LPS | : L
0602 04 06 08 1
R =M /M,
)] )]

= exclusive signal?
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Exclusive dijet cross section

Phys.Rev.D77:052004,2008

.g F,.=150:12% « DPE data (stat. only)
@ 600 (stat.only) POMWIG: COF@H1 ]
@ EDese * R; shape described by MC based
36 <) <59 on two models (ExXHUME, DPEMC)
4000 T BT E2 > 10 GeV _ _
300/ et BT <Gy  Cross section agrees with EXHUME
200 « Data favor KMR model (uncertainty
199 ~factor of 3)
0 teey L'l
0 0.2 04 0.6 0.8 1
R =M /M, _
- 2 I Data corrected to the hadron level
S eoof TSR 13% | cowmc corent —10°F e
ﬁ it om [ Exciusive DPE (DPEMC) < e Exclusive DPE (DPEMC)
500 —— Best Fit to Data ? 107 \ .....................
| 36 < <59 = - e
4001 g“:;‘:lcev g' ) —_ : | \ ExHUME
300 . -+ 5°<56ev sb= 10k [ 'Jﬁg{&",'ﬁféfo"
200 - Ert > e
1 ™*"*1<2.5
100, | 36<n,, <59 ,
of - - . o.?3<';;< 0.08 %r:I.mre'”L
0 0.2 04 0.6 0'.28ll - Mn1l Mx 10 10 15 20 25 30 35

Jet ET" (GeV)
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Exclusive cross section

“o 102 B ExHuME (hadron level)
Qs = B Default
Q@ F e Derived from CDF
O 10p Run Il o&! (E7")

systematic uncertainty

3

10'15—
= <25

10-2 ;_ 3.6 < T\g.p< 59 ‘
- 0.03<£;<0.08

10-3-1 N PP P

P P R S ST ST T TS ST U NS S . |
20 40 60 80 100 120 140 160
Mjj (GeVIcz)
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Exclusive yy production

J_,_,-v'Y ~100 foprorg ni<l
~40 fo = |,

factor of 2-3
LL'-Q'Y uncertainty |

Tevatron

»QCD diagram same as pHp
»smaller cross section than exclusive dijets

~40 events/fb-! with p;(y)>5 GeV/c, In|<1.0 10

the effective luminosity must be considered 1,]—4{;. el e L
since additional interactions “populate” gaps E  GeV

cut
Khoze, Kaidalov, Martin, Ryskin,
Stirling, hep-ph/0507040

20
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Exclusive eel/yy search

P P P P
s &
Y e-
pP———0 P P
pp > p+yy+p QED process: cross-check to exclusive yy

v'do not detect (anti)proton
v'require 2 EM showers (E;>5 GeV, |n|<2)

v'veto all calorimetry and BSCs except 2 EM showers
v'L~530 pb-! delivered (L ecive=46 pb)

=19 events have 2 EM showers +"nothing”
caveat: “nothing” above threshold
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Exclusive ee search

Phys.Rev.Lett.98:112001,2007

P P

e,{.

e.
p p GeV
control sample for yy search

=16 candidate events found
background: 1.9+0.3 events

o = 1.6 fg'g (stat) + 0.3 (sys) pb

MEASURED

good agreement with LPAIR:
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Exclusive yy search

Phys.Rev.Lett.99:242002,2007

e[S
=Y

P P

|

6.80 GeV

= 3 candidate events found
background: 0.0 *3¢ events

E. 1=6.8 GeV/c
measured <4101b E12=5.9 GeV/c

good agreement with KMR:

o

= oy ~ 10 fb (if H exists)
within a factor ~ 2-3, higher in MSSM
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Conclusions

o CDF diffractive program continuing the improvement of
understanding of diffractive processes

« Comparison of diffractive and non-diffractive processes

o Characterization of gap formation (survival probability)

 Measurements of exclusive production important to
calibrate predictions for exclusive Higgs production at LHC
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Rapidity gap fraction vs gap width

* No hard scattering required

 Look for rapi

_ _ 2 Vs=1800 GeV
« Soft double diffraction > kM « DATA
107 "y — DD + non-DD MC
f w. non-DD MC
i [
dity gaps 104l
dN 10°}
dn :
Tmin I
P | »
- 10 2}
-|n M12—~ L
< Ins

10

Michele Gallinaro - "

Phys.Rev.Lett.87,141803(2003)

O..,‘1.l..2....3....4..,,5.0“.6.. .7
An MNmax Mmin
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