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Diffraction at CDF in Run |

Find PRL/PRD references in http://physics.rockefeller.edu/publications.html
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Highlights of Run | Results

The MBR (Minimum Bias Rockefeller) Monte Carlo was
used in the forward physics program - see:
http://physics.rockefeller.edu/publications.html
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DD at CDF
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Hard diffraction

pp- (3¢ +X)+0ap,0r gap,,.

Fraction: VI
SD/ND ratio 4"*
@ 1800 GeV

Fraction %

JJ 0.75+/ - 0.10

W 1.15 +/- 0.55
b 0.62 +/ - 0.25
Jy 1.45 +/- 0.25

dN/dh

All fractions ~ 1%
(differences due to kinematics)
U ~| FACTORIZATION !
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Diffrr. Structure Function - DSF

C breakdown of QCD factorization

Run || PRL 84, 5043 (2000)
s | p+PpA p+[JJ+X]
aa [ v Hfit2 ~4- CDF data
e H1 fit-3 Ex' 25 7 GeV _ |
100 (Q%=75GeV?) 0.035 < £ < 0.095 C suppression facto_r s 2.5
't <1.0 GeV’ tlmes Igrger than in soft
N diffraction
10 L C one of the main reasons for
: repeating measurement in
Run Il with an improved
1L forward detector system
0.1k
_ D A momentum fraction
§ «<——of parton in OPon
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Puzzles from run |

C gap fractions are suppressed relative to theory
predictions, both for soft (Regge) and hard diffraction
ébut

factorization holds among processes at the same energy,
just like at HERA

C DSFata s =1 8 0 Osupfaressed by factor ~ 20 while
Regge by factor ~8 A contradicts RENORM prediction,
but ésee further daw
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The CDF Il Detector 1 plan view

N ﬁﬂﬁﬂwn-%ﬂ:ﬂmﬁmﬂmﬂ s 1'1 54
= = — = | P
-
§7m to COF

| |vrackina sysTem [ JccaL [ Jrca. [Mlmecan [ Jeuc [ lesc [lmes

Tracking —  Tracking Detectors In| < 2.0
CCAL, PCAL —  Calorimeters In| < 3.6
B RPS — Roman Pot Spectrometers 0.02 < & < 0.1
0 < [t]< 2 GeV?
BSC — Beam Shower Counters 54<|n/<7.4

B MPCAL - MiniPlug Calorimeters 3.5 <

n| < 5.1
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Measurements Y/the MiniPlugs
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Multiplicity of SD and ND events

MP TOWER

é

STRUCTURE

MULTIPLICITY

@ POSITION

ENERGY

E

ADC counts: West-MP Tower (3 CLC-NTESB&NB HILI‘

CAL :" Eje

Js

NIM A 430 (1999)
NIM A 496 (2003)
NIM A 518 (2004)

ADC counts in MiniPlug towers

in a pbar-p event at 1960 GeV.

Aijeto indicates
and may be just a hadron

A 1000 counts ~ 1 GeV
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PHYSICAL REVIEW D 82, 112004 (2010)

Diffractive W and Z production at the Fermilab Tevatron

U InLO QCD W probes the quark
content of diffractive exchange.

U Production by gluons is

suppressed by a factor of ag and
distinguished by an associated jet.

F Woe/uv  (MMh=80.9+0.7 GeV/c®

- ) all towers i
30| L=0.6 fb" X

RPS __ ¢#cal Z L ,—n"
!f fﬁ .(
i=1 \/T

25

155_ EY = E¢ + -JEET + [qu_,’]?

10

number of events /(2 GeV/c 2)

) M,
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|||||
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M,y from inclusive W- e/mtv

Method: compare transverse MW data with MC

- f f CDF Run 0/1 — 80.436 + 0.081
p— 2 Y _ A . ¥ ‘/ .
MT J‘[FTI’?T Pr FT] ‘ DO Run | — & 80.478 +0.083
CDF Run I 6 80.413 + 0.048
CDF Il preliminary IL dt ~ 2.4 fb” Tevatron 2007 ——i 80.432+0.039
= - . data DO Run II —e— 80.402 + 0.043
(M 15000 —MC
“c? i background Tevatron 2009 —— 80.420 + 0.031
E 10000 —
s - A mgtt= 15 MeVic?
> B =
@ 5000 Xildof =70 48 World average o 80.399 + 0.023
| l | | July 09
%o 70 80 80 100 30 80.2 80.4 80.6
2
m(ev) (GeV/c?) m,, (GeV)

M, 4= 80.9K0.7(GeV/c?) |
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Data and event selection

0.6 fb-1 of integrated luminosity data

TABLE I: W and Z events passing successive selection re-

quirements.
W —ev W — v W — lle/p)v
RPS-trigger-counters 6663 5657 12 320
RPS-track 5124 4201 9325
50 < My < 120 192 160 352 @
L —ee L — Z — 1l
RPS-trigger-counters G50 341 991
RPS-track 494 253 747
£l < 0.10 24 12 36 . @
Niowers b )
-cal __ T —n*
S = Z ﬁ:i n,
i=1 V
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Diffractive W/Z fractions

R (Ry) =

AW (ATZ
2 - *'\'SD(*'\' 5*5)

ARPS * €RPStrig * €RPStrk * VN p

~80% I ~87%% I

ip\rl —int

68-80%  fl-int =(25.6+1.2)%

Ry =

RZ:

1.00 = 0.05(stat) = 0.10(syst)

0.88 = 0.21(stat) = 0.08(syst)

Run |I;: RW =1.15+0.55 % for x,...< X <0.1

C [0.88+0.21 (stat)% within 0.03 < x < 0.10 & |t|<1

min
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DSF from Dijets in Run |

< ol
P

P p

Rate”(Xs) ., F(Xg) o e |  [Ne

RatEEID (Xg;) Fj;\lD (Xg;) e, o

Non-Diffractive Single-Diffractive
(ND) (SD)

R(Xg;) .

C Xxg-distribution of SD/ND ratio has no strong Q2 dependence

C slope of t-distribution is independent of Q?for |t| < 1 (GeV/c)?

C does the t-distribution have a diffraction minimum beyond |t|=1 GeV/c)???
C stay tuned, release coming soon!
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Dijet E distributions
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C similar for SD and ND over 4 orders of magnitude " Kinematics
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R

CDF Run II Pnellmln.r-.lrgir

dependence of DSF In dijets

10
% = *Q’x 100 GeV?
— L Qs t
= E1Jet 100 GeV' Qs wncev
M - 4 Q= 1,600 GeV
< A e N 2 2|
- = --Q s 3,000 GeV
(m] — Qs 6,000 GeV’
— /J\\
T_, N Q= 10,000 GeV’ | D
-g 107 - T ...........................
e F iy
E S
N ' ' : : : | : re3
-2 : : : : : :
1“ E_ HHS:LEEAL':UGQ ................ 5 .............. ......... : ‘ .........
- Q’= -=ET>2 -:ET>_{E‘“*‘+E£;=“};2 ' ' f 1
B nverall syst uncertamty +2!]% {nnrm},_ E% {slnpe} : l
1‘]4 E ] L i ] |: L1 | : : ] ]
10” 10” x_ 107
Bj

C Small Q2 dependence in region 100<Q?<10 000 GeV?

where ds>P/dE; & dsNP/dE; vary by a factor of ~10%°
C The Pomeron evolves as the proton !
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Diffractive structure function i Run I
t - dependence

CDF Run Il Preliminary

_ CDF Run Il Preliminary —_ 2
:'g :statiétical ljncertaiintieséonly —— RPS inclusive ..g . 8_ 0. 05<&;&PS<0 08
c = : : : : 2 P cl
s —=— RPS+let5 (Q*~225GeV?) 5 F
210 = ) RPS+Jet20 (Q°~900GeV?) 16
.=_.“3 - —=— RPS+Jet50 (Q°~4,500GeV?) f-'.i 1.4
= : : ; : a
_E,ma §1.2:—
:_.a: Tl 1__ """""""" ."'"""""""‘"‘* ““““““““““
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o i = norm. to unity and
10 R e B B T S e NO‘ 0.6:— set at Q*=1 GeV?
B 5 0.4
-0.05< gi“'s<o 08 0.2
10 EQZ ...... < E">2 ..... < E'1;>-{E$ﬁ+E‘°“'2)!2 0: T T T T
0I L1 I0|1I | Iolz\ L1 \0|3I | I0|4\ L1 I0|5I Ll Iols\ L1 I0|7I L1 Iolal I_L‘Lo_.‘gll . 1 102 10'1 1 10 102 103 2 104 2
It} (GeVic)’ Q? (GeV?)
Fit d S/dt to a double exponential:
F=0.9-€""4+0.1.¢e>"*
U Nodiffractiondipsat|tj <1 GeV ) : :
1 No O2d q ol U Same slope over entire region of
u 0] Q epen ence In siope . 0 < Q2 < ~10 000 Ge\2!
from inclusive up to Q 2~10* GeV
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ST, and dijets

p
p :QSOft :1/& :% dijet

100

sd

< 0085
Albrow et al.

Armitage et al.
LA4
COF
E710
Cool et al.//!

—]
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Total Single Diffraction Cross Section (mhb)

_FD (B)
= JJ

@ CDF

——————

F——  H12002 . QCD Fit (prel.)
I ——  QCDfitto ZEUS 97 data

- ZEUS and H1 vs. CDF

10
L
KG, PLB 358 (1995) 379
107
110 1;30 1IIJIUU 10000
Magnitude : same suppression factor in soft and hard diffraction!
Shape of b distribution:  ZEUS, H1, and Tevatron & why different slapes?
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GAPS BETWEEN JETS

Gap Fraction in events with a CCAL gap

@ [ CDF Il Preliminary —
v o1k —— )
= 'E —r— MPsMP. Jets, EF'4 2Cel a
% E RWE Hﬂ-ﬂﬂ M gy —+— MP_sMP: Jots, B 4Gav ‘]et g p \Jet
107 et 3.5<| ™" |<5.1
j ~ CCAL gap J - ""--c-_.__-_-.-
E%E B required -I-_._-
= 21 o -
10 E &y _I_ +__1|l__|_-‘l"-_.r_'_ Yoy _._..- .
: AR
10°E ﬁ ,_
1o = | } l l | |
n ' -

1 2 3 4 5 6 T
AN Nimax Mimin

The distribution of the gap fraction R =N /N, vs An for MinBias (CLC+CLC, )
and MiniPlug jetevents (MP »MP , )ofE _ >2GeVandE >4 GeV.
The distributions are similar in shape within the uncertainties.

C analysis nears completion
C repeatat LHC at 7 TeV with higher E; forward jets
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EXCLUSIVE DijetA Excl. Higgs THEORY CALIBRATION

JJ PRD 77, 052004 (2008)

0 JPRL 99, 242002 (2007)
Cc. PRL 242001 (2007)

Exclusive dijets
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