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A bit of history...

Diffraction in the70s = the Pomeron unveiled!

Opening night at Chez Leon
- Fe_rmilab (1989)

. ,;:.; '- B RYCIARE b
. -i . 4 "- .

(right)=>»Greg Snow on violin (Ph.D thesis: first observation of diffractive y dissociation)
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At the Gorge of Samaria (1980)
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== In’rr'oduc’rlon
> Dijets
> W/Z
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Introduction
Soft and hard diffraction @ CDF

Eﬂﬂm LEZZ LT
| :
SD DD DPE SDD=SD+DD
:& exclusive @ ee, Uy, yy
— v,
JJ,b, J/\y,@ D < ¥ > P
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Total Single Diffraction Cross Section (mb)

Breakdown of factorization - Run I
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| ZEUS and H1 vs. CDF

® CDF
F——  H12002 5,0 QCD Fit (prel.)
L ——  QCD fit to ZEUS 97 data

Magnitude: same suppression factor in soft and hard diffraction!

Shape of B distribution: ZEUS, H1, and Tevatron - why different shapes?
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Hard diffractive fractions - Run I

pp — (3% + X) +gap

Fraction: {é} Fraction %

SD/ND ratio =7 7"010

@ 1800 GeV
W | 0.115+/- 055

b 0.62 +/- 0.25

J/y | 145+/-0.25

dN/dn
4 All fractions ~ 1%
(differences due to kinematics)
» ~uniform suppression
» ~| FACTORIZATION !

Tl—»
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Ty a. [ = Hifit2 + CDF data
[ = | i ;
1001 = H1 fit-3 EF12>7 GeV
5 100 2 3
E P (Q°=75GeV") 0.035<£<0.095
[ [1]<1.0 GeV?
10 |
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E 0.1 — H120025,D QCD Fit (prel.) *';—_*_
£ 1 bl
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p
The diffractive structure function measured on the proton side in events

J \

= R(SD/ND)

> R(DPE/SD)

DSF from two/one gap:
factorization restored!

0.1k

-# CDF data, based on DPE/SD

[ — H120025,0 QCD Fit (prel.)

0.1

1

[»]

with

a leading antiproton is NOT suppressed relative to predictions based on DDIS

Low x 2008, Kolymbari-Crete, Greece

Diffractive and Exclusive JJ and W/Z at CDF K. Goulianos



1.8
1.6
1.4

—r

N o
0

=0.1

AV}

, Fﬁ’(B_,_&nﬁ

Dijet
o
[#)]

0 1680 i1
0.03 0.04 005 0.06 0.07 0.08 0.09 01

Fj?(Baé)N B i

7G

—
T

F (@) EF'?>7Gev
5 |t]<1.0GeV* |
:—?— ________ — Y . —— ]
B0
E (b) 1702
L D E o
r Fjj (B’é)ocBlmm §09+01 560 o
:- {505
i 440>
e ‘;308
[ — 4 A — " . 4_;20-.-1\
4102

1 0E

——— oC constant

Pomeron dominated |

Low x 2008, Kolymbari-Crete, Greece

Diffractive and Exclusive JJ and W/Z at CDF K. Goulianos



Diffractive structure function - Run II
Q? - dependence

CDF Run II Pn\a-llmlnalryr

10 . . .
% = . |®Q’s 100 GeV?
=L - E Jet 100 Gev | . [®Qs 400 GeV
g = _ Qs 1,600 GeV’
I IS S S S T o - : 2|
= = : i 5 g : g o -Q= 3,000 GeV
0 - : : : : : : L |+Q'x 6,000 GeV
n u R 2
~ - . PEQI 100006V
= 10 L cooonnaacenananasaanadhedthanootGaaded__fmm e STTIT
e
: i,
B : : : : : . %
-2 : : : : : :
1‘] E_ HHS:LEEAL':UGQ ................ 5 .............. ......... : ‘ .........
S -=ET=--tE‘““+E!F"u2 A
B nverall syst uncertamty +2!]% {nnrm},i E% {slnPE} l
1““1 . . L1 | : L : 1 I 1 | L1
-3 -2 -1
10 10 xg 10

» Small Q2 dependence in region 100<Q2<10 000 GeV2
where each doNP/dE; doNP/dE; vary by a factor of ~104

> The Pomeron evolves as the proton !
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Diffractive structure function - Run IT
t - dependence

CDF Run Il Preliminary

_ CDF Run Il Preliminary — 2
:'g :statiétical ljncertaiintieséonly —— RPS inclusive ..g . 8_ 0. 05<§E‘PS<0 08
c - : : : : 5 a cl
s - - —=— RPS+Jet5 (Q'~225GeV?) 5 F
210 = ) RPS+Jet20 (Q°~900GeV?) 16
S °F —*— RPS+Jet50 (Q*~4,500GeV?) Sq1aF
= : : ; : a
2 1.2
g S M g
-8 Eo_s - RPS inclusive ' }
Eo 65 norm. to unity and
NU B set at Q’=1 GeV*
“_5’0.4:—
- : 0.2[
_QZ:“<E”>2 ..... < E'1;>—{Ef:“+E‘“'2)!2 _LILJ 0: T T T T T
n||||0|1|||Inlz\ll\olal|||n|4\|||0|5||\|0|6\|||0|7||||0|8|| 09|| '1 10 10- 1 10 10 10 2 10 2
It] (GeVic)® Q° (GeV’)
Fit do/dt to a double exponential:
F=09-€""+0.1-¢e""
> No diffraction dips » Same slope over entire region of
> No Q2 dependence in slope 0 < Q? <~ 10 000 GeV?
from inclusive to Q2~104 GeV? across soft and hard diffraction!
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Looks like...

differences - presumably due to the requirement
of combining with the soft PDF to form a spin 1
color singlet with vacuum guantum numbers.
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Diffractive W/Z production

» Diffractive W production » Production by gluons
probes the quark content IS suppressed by a
of the Pomeron factor of ag, and can

be distinguished from
guark production by
an associated jet

— To leading order,
the W is produced
by a quark in the
Pomeron
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Diffractive W/Z - motivation

e In Run |, by combining

diffractive dijet production with

diffractive W production we
determined the quark/gluon
content of the Pomeron ===

 In Run Il we aim at
determining the diffractive
structure function for a more
direct comparison with HERA.

e To accomplish this we use:
» New forward detectors
» New methodology
» More data

= =
o - o

D (MEASURED / PREDICTED)

o
(o)

Phys Rev Lett 78, 2698 (1997)

Fraction of W events due to SD

Rw=[1.15%0.51(stat)=0.20(syst) |%
for £<0.1 integrated over t

04 [\

02

0
0 01 02 03 04 05 06 07 08 09 1

GLUON FRACTION IN POMERON
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The DF II detectors

)//\f

“‘H—J_EJ B 5. CDF -!-LL‘ ﬁlﬂ;hlf Roman
= e

’ ' i | - | | o pots
“k\fﬂ,;--""‘r ‘ : ‘\k ‘L““H-.}Luﬁ{-f"’f (56 m from B0)
BSC ‘ Centrall Beam Shower
MP Plug CLC MiniPlug Counters
3.5<|n|<5.1 9.9<|n|<7.5
(1°) (0.1°)

RPS acceptance ~80% for 0.03 <x < 0.1 and |t| <0.1
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Diffractive W/Z analysis

Using RPS information:

 No background from gaps due to multiplicity fluctuations
 No gap survival probability systematics

O The RPS provides accurate event-by-event £ measurement
 Determine the full kinematics of diffractive W production by
obtaining n, using the equation:

E. _ E. _
&’RPS _E"cal _ _Te Ny where gcal Z _Te M
\/g towers \/g

This allows the determination of:

> W mass
> XBJ-
> Diffractive structure function
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W/Z selection requirements
Standard W/Z selection

E:;(pr >25GeV Es'(pt' >25GeV
M, > 25 GeV EY (p > 25 GeV
40 <My <120 GeV 66 <M” <116 GeV
| Z,. |<60cm | Z [< 60 cm

Diffractive W/Z selection

a RPS trigger counters - MIP

J RPS track - 0.03< ¢ <0.10, |t|<1
d W=>» 50 < M,(ERP>,E8) < 120
d Z=>ER<0.1
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Reconstructed diffractive W mass

Entries 50
CDF Run |l Preliminary | Mean 8227
of ) RMS 1332
T 30 W— e/l y /2 S
% E_,Hla:: E_IHP Prob 0.5174
J 25 P Constant 21.89+1.67
o L=0.6 fb Mean S09 +07
: Sigma 1211+ 06
€ 20
-
15
10
5

56368650 700 120 140 .160
M, (GeVic®)
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Rejection of multiple interaction events

W—elnvy CDF Run ll Preliminary
a T —
= -8~ RP track
c m W]
gm:’? s RP trElnt:I-LEI o
@ F —a— P track, O O
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B =]
10°}
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i (=
' ' ¢ )
10F % ND dijet
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[l I‘llllllllI‘lIlIllllIJlll
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Diffractive W/Z results

RW (0.03<£<0.10, |t|<1)=[0.97 £ 0.05(stat) = 0.11(syst)]%

Run I: RW =1.1520.55 % for £<0.1=>» estimate 0.97+0.47 % in 0.03 <& < 0.10 & |t|<1)

RZ(0.03 < x < 0.10, |t|<1)= [0.85 + 0.20(stat) + 0.11(syst)]%

CDF/D@ Comparison —Run | (£<0.1)

CDF PRL 78, 2698 (1997)
R%=[1.15%0.51(stat)+0.20(syst)]%
gap acceptance A9%=0.81

uncorrected for A%r
RWY=(0.93+0.44)%

(A9 calculated from MC)

D@ Phys Lett B 574, 169 (2003)
R%=[5.1+£0.51(stat)£0.20(syst)]%
gap acceptance A%r=(0.21+4)%
uncorrected for Asar=»
RW=[0.89+0.19-0.17 1%
R4=[1.44+0.61-0.52 1%

Stay connected tor results on F°,,,
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Determine spin of H
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URL: DOI: 10.1103/PhysRevD.77.052004
ExHUME

DPEMC -
— P
IP% H
P P
p S P —
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The DPE data sample
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Kinematic distributions

10_1 :_ 0.5 »
- = F
w oF 5 04
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=~ - pd r
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= E = .
—_ 10 5[ : 0.1 :—
L I L1 . 31 N - TR |
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= 5 (©) |+ IDPE
34 —sb
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Exclusive dijet signal

dijet mass fraction - all jets b-jet dijet mass fraction

E 1_ ® IDPE data (stat. only) DPE data (Displaced Track)

% 10° 3 _— Background |:|systematic uncertainty
107 - L _+_+ ...............................................
10-3:_ 4 POMWIG + Background _-+- ; i

o — POMWIG : COF = L 0.5 E>10GeV +
| e | @ | hwl<ts
1 I N T R R R | P R I S T T A SR S N S S N T
002 04 06 08 1 0 02 04 06 08 1
Ry =M,/ My Rjj = ij I My
Excess observed over POMWIG Exclusive b-jets are suppressed
MC prediction at large Rjj as expected (J,= O selection rule)
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Underlying event

= 2 e IDPE data '
g POMWIG + Background
= wis
"n..‘ T
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Jetl vs. Jet2:
signal and background regions

3 )

DATA

A: signal region
B: background region

Second Jet 1

POMWIG

I R B R s S
Leading Jet 1
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§ o |DPE data (stat. only) ; e |IDPE data (stat. only)
L —— POMWIG: CDF@H1 ? B —— POMWIG: CDF&H1
102 10°¢
: 36<h_|<59 - 3.6 < Ing,,l <5.9
" - 912,90 Gev @ 10L Er “>10GeV
T 10 E°® < 5 GeV = 2 ET <5GeV
I} - I} |
1 1=
- | @ - ( (b) T+
-1 =
10-1 E_I 1 11 1 1 | 1 1 1 1 | 1 1 1 1 H 1 * 1 1 11 | 1 1 1 1 | 1 10 E 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 | 1 1 1 | L
10 20 30 40 50 60 70 0 20 40 60 80 100 120 140
* jet1 jet2
E;=(E  +E;)/2 M; (GeV)
L | e IDPE data (stat. only) - - e IDPE data (stat. only)
200 L | —— POMWIG: CDF&H1 10° £ —— POMWIG: CDF@H1
[ 36<I_l<59 0 oL
_‘g 150 - EfT°"’2>g1a5 GeV ++ "GEJ 10 : ++
g = E’Tm <5 GeV > -
Cjeti2_ L B
I 100~ n" “>-05 1L 36<h_1<5.9
- t - ER12,°10 Gev
L - Ttﬁ g e
50 - C Ef" <5 GeV
C (c) ; (d) r]j-gn 25 05
B 107 £ :
0 L L L L L | L L L L | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 E 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 L | L
-3 -2 -1 0 1 2 3 0 20 40 60 80 100 120 140
N =M+ 0%/ 2 M, (GeV)
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Inclusive DPE W/LRG-p data vs. MC

ExHUME eexclusive MC models> DPEMC

2 F _ o e IDPE data (stat. only) B _ ] e IDPE data (stat. only)
% 600 Ferei = }gigﬁ;fw{“ -------- POMWIG: CDF@H1 600 Foxa = }ggf ;;ﬁy)/“ ........ POMWIG: CDF&@H1
> - [ ExHUME [ Exclusive DPE (DPEMC)
W eoof Best fit to data 5001 Best fit to data
- 3.6 < gyl < 5.9 - 3.6 < Ing,,l < 5.9
40— T T E2>q10cev | 400F El*12 5 10 GeV
300/ [+ Ef°<5Gev 300 + Er°<5Gev
2000 [T 2000 (p)
100 100} i
0: """ . "n 0: . 1 T R T NN dninlel MY, .
0 0.2 0.4 0.6 0.8 1 R” 0 0.2 04 0.6 0.8 1
ExHUME (KMR): gg—gg process DPEMC: exclusive DPE MC
(based on LO pQCD) based on Regge theory

Shape of excess of events at high R;
Is well described by both ExXHUME & DPEMC
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HF suppression vs. inclusive signal

<t | —
? 1.57 DPE data (Displaced Track) g r e Fexck—HF =1- I: HF/in J|r<F|-||=Jr |>IR 04:|
x| |:|systematic uncertainty = O-Bf 0 Foygeme = 1-[MC, ., /Data, ]
P -
© B l - Foie._nr SYStematic uncertainty ™~
| 5 0.6] P .
T - 3 [ mMc,=POMWIG + Background
L. | S e i L. B (CDF&H1)
g L 0-4_normalized to Data, at R.<0.4
~— - I} >
= B
EE i . #
I -
L 0.5 EF' > 10 GeV + | _____________________________________________________
@ | Iﬂ,etl <15
1 ‘ 1 | 1 | 1 1 | | ‘

0 02 04 06 08 1

I Ry = M; /My I R =M, /My
>

Invert HF vertically and compare with 1-MC/DATA
=» good agreement observed
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ExHUME vs. DPEMC and vs. data

3 E e Data corrected to hadron level
o ExHuME
%—' 10° - --- Exclusive DPE (DPEMC)
a&;:mzf—
o b 1 Measured x-sections favor ExXHUME
s ens T
(a) 1F 3.6<n,,<59 f
- 0.03 < E-‘ﬁ < 0.08 stat. [1] stat. @ syst. uncertainty
020 25 30 35
:3' g e Data corrected to hadron level
RS 10°L ExHUME
® 00 kR
‘R 102 o Hadronization uncertainty
n:'a f_ T :'H_,_x .
£ + _______ J KMR x 1/3 agrees with data
e 1°._§f"-2>ew ""%-‘i-"-::::_;;; ........ = Within theoretical uncertainty of +/- factor of 3
= .2 ¢ 95 ey
(b) 1§L£<h”<53 f
E 0.03 < E“E <0.08 stat. Ii] stat. & syst. uncertainty
B 050 %5 30 35
E Ef;l"z > E?'" Data corrected to hadron level
© ot1,2) o ' )
~ 0'2_ !?:].]G<T|]gaf:i§5.9 slat,]}:[ stat. @ syst. uncertainty
% 0.03 < <0.08
o] . . .
i [ | U o;®/c" approx. independent of E;™"
] * 4{ | > WHY?
© |
c. P TS IS T S T ST SRS N S S S T N S | I

10 15 20 25 30, 35
Jet ET" (GeV
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Exclusive dijet x-section vs. M;

102 B ExHUME (hadron level)
= HH
- Default
! - e Derived fromm%DF
o g 10 3 Run Il 63! (E7 )
Q. @ C systematic uncertainty
C 1¢
I —
S =
e — 5—10 1 = _
S| E W 2l< 25
102t 3.6 <ng,,<5.9
. 0.03<&;<0.08
10-3_| T | |

20 40 60 80 100 120 140 160
M, (GeV/c?)

curve: ExHuME hadron-level exclusive dijet cross sections vs. dijet mass

points: derived from CDF excl. dijet x-sections using ExHuUME

Stat. and syst. errors are propagated from measured cross section
uncertainties using M;; distribution shapes of ExHUME generated data.
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SUMMARY @
y = v A

A Introduction
» diffractive PDF looks like proton PDF

J

Diffractive W/Z — RPS data

» W diffractive fraction in agreement with Run |

» WI/Z diffractive fractions equal within error

» New techniques developed to enable extracting
the diffractive structure function in W production

Exclusive dijet/(Higgs?) production

» Results favor ExXHUME over DPEMC
Phys. Rev. D 77, 052004 (2008)
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Measurements with the MiniPlugs
Dynamic alignment of RPS detectors
E'. calibration |




Measurements Y/the MiniPlugs

MP TOWER

é

STRUCTURE

MULTIPLICITY

E

@ POSITION

ENERGY

E

C_DF Run Il Preliminary

% 9000;—;_-.- - SD PE 0 m

T, sooo%-- = ND —
= ommam fzon _ ZEre | o 3
- = vs | e 'x
o O I I ADC counts in MiniPlug towers
HO0OE e A - NIM A 430 (1999) in a pbar-p event at 1960 GeV.

I T S T i ﬁ‘*ﬁfﬁ"ﬁpsl_y'a NIM A 496 (2003) | * “jet” indicates an energy cluster
p multiplicity NIM A 518 (2004) and may be just a hadron.

Multiplicity of SD and ND events « 1000 counts ~ 1 GeV
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Dynamic Alignment of RPS Detectors

Method: iteratively adjust the RPS X and Y offsets from the
nominal beam axis until a maximum in the b-slope is obtained @ t=0.

________ fixed &
o, { e %
CDF Il ™ t=-0
'>-'| 2m I i l=0
DIPOLES QUADs QUADs DIPOLES 2 . : i 4 .; «— t=-0.5
— | | ] ] ] M D.. . . - 7 >
5 —— 00— Omm 0] TRy 0 ) 4 pbar

- |
57m to CDF
X

“lpcaL  [lvecaL [ Jcie [ |Bsc [MIrePs

CDF Run Il Preliminary

1]

?104CDF Run Il Preliminary | _ 2“_ lelTlng fGCTOF‘S
= —e— X .t at NOMinal 2o .
g == X e *0.2 CM gﬂ,f \\ '{,-f/ 1-statistics
© - - xoffset+0'4 cm Em \\ j, 2-b€0m Size
B 10" - . 3-b jitt
5 o e = - R T -beam jiTTer
- : - 0.6 0.5 -0.4 0.3 0.2 01 v nﬁse(;J[cm]
°
'_g S i : nfDF Run Il Preliminary
10° o P! @ CDF
=" || W/lowlum data
)
L1l | I | | | | | | I | % -15 i 30 Mm
0 01 02 03 04 05 06 07 08 09 1 ) N N D D e
It [Gev T T amm
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E-Jet Calibration

>use RPS information to check jet energy corrections €

2 J {1 ] S T Raw Jets (dotted)
C | CDFRunllData Entries 160
() [~ : : Mean 0.02438
Lﬁ 70— 12 4~ = RMS 0.01115
[ Ejr “>10 Ge: L5 Corrected Jets (dashed)
60 EX® <5GeV. ) I Entries 293
[~ 5 : Mean 0.004665
F 0.085= Cgps <0.095 : RMS 0.01315
30 _—'"'3-'6'<"|“gé|5|"<'§'-'9 """"""""""""""" ST S L7 Corrected Jets (shaded)
- R.>0.8 Entries 360
40F— I o - Mean 0.00269
~ 0.01364
[ i M Jue :
30_ ------------------ 2 ETe ---------------------- : -n g; --------------------------------------

20 - N§ © T
b B T

- T o o i n ' E: -"E CITTE S 1 V- VTP
-0.1 -0.05 0 0.05 0.1

: X
Calibrate ExJ®T or £, as you wish!  AS = Cgps - §;
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