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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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WY TOTAL SD x-SECTION

=>» suppressed relative to Regge
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DD at CDF
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105 Vs=1800 GeV
o —SDD + SDMC
Q@ -
10 “5
10 35
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= Excellent agreement
between data and MBR

=» low and high masses are
correctly implemented

MNumber of Events per Alogs = 0.1

—
=
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Hard diffraction

PP — (3¢ + X) +0ap ,0r GaP 1,

Fraction: _ {‘Q Fraction %

SD/ND ratio J'J 075 T 010
@ 1800 GeV ‘ _

W 1.15 +/- 0.55

b 0.62 +/- 0.25

J/w| 145+/-0.25

All fractions ~ 1%
(differences due to kinematics)

> ~| FACTORIZATION !
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Diffrr. Structure Function - DSF

= breakdown of QCD factorization

Run || PRL 84, 5043 (2000)
~ +p2p+[JI+X
o C
aa [ v Hfit2 —+ CDF data p p p [ ]
e H1 fit-3 Ex' 25 7 GeV . '
1005 q2_ 75 Gev?) 0.035 < £ < 0.005 Q suppression fac’ror.' is 2.5
1 <1.0 GeV’ times Iarger than in sof+t
— diffraction
10 b Qd one of the main reasons for
: T, repeating measurement in
Run IT with an improved
1L forward detector system
01k
_ 0'1 I B = momentum fraction
B

<— of parton in "Pomeron”

CDF Diffraction and Exclusive Production
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Puzzles from run |

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

...but
factorization holds among processes at the same energy,

just like at HERA

Q DSF at Vs=1800 GeV suppressed by factor ~ 20 while
Regge by factor ~8 - contradicts RENORM prediction,
but...see further down in the talk
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The CDF Il Detector — 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

10000 gDF Run Il Preliminary
90001 -~ SD
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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‘

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.

* “jet” indicates an energy cluster
and may be just a hadron.

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

Diffractive W and Z production at the Fermilab Tevatron

» In LO QCD W probes the quark
content of diffractive exchange.

» Production by gluons is

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

q
--WZ

F Woe/uv  (MMh=80.9+0.7 GeV/c®
30 L=0.6 fb™

25

all towers E,‘

ERPS _ gcal — Z Lo—n"
e - p ]
i=1 \/T

2{)5—
1sf EY = E° + JE% + (p?)*

10

number of events /(2 GeV/c 2)

) M,

o o
|||||

| o 100l

0 20 40 60 80 100 120 140 160
M (GeV/c?)

EDS-2011 Vietnam CDF Diffraction and Exclusive Production K. Goulianos 16




M,y from inclusive W—e/u+v

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= 80.9% 0.7(GeV/c?) |

EDS-2011 Vietham CDF Diffraction and Exclusive Production K. Goulianos 17




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 &, < £ <0.1

=> [0.88+0.21 (stat)% within 0.03 < §<0.10 & [t|<1
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DSF from Dijets in Run |

K e

SD SD
Rate; (xBj) \ o (xBj) >

R(X B') = — o ¢ o
J ND ND
Rate ;™ (Xg;) Fi (Xg;) O _ M
Non-Diffractive Single-Diffractive
(ND) (SD)

O xg-distribution of SD/ND ratio has no strong Q* dependence

O slope of t-distribution is independent of Q2 for |t| < 1 (GeV/c)?

d does the t-distribution have a diffraction minimum beyond [t|=1 GeV/c)???
= stay tuned, release coming soon!
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Dijet E distributions

10° CDF Run " Prellmmary : : a CDF Run II Prellmmary
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4+ CDF Run Il Preliminary
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- SD
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END norm. ‘I:b SD
gJet E>50 GeV

Events

T IIIIIII‘ T \IIIHIE’
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E, = (E!f“+E!;=t=)f2 (GeV) E; = (Ef"+Ef%)i2 (GeV)

=> similar for SD and ND over 4 orders of magnitude ‘t 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

O Small Q? dependence in region 100<Q?<10 000 GeV?
where do>P/dE; & doNP/dE vary by a factor of ~104*

= The Pomeron evolves as the proton !
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Diffractive structure function — Run |l
t - dependence

CDF Run Il Preliminary

CDF Run Il Preliminary — 2
w F ; ; ; ; —— 0
2 ~statistical uncertainties only | —*— RPS inclusive ‘E 1.8 - 0. 05<&_EPS<0 08
s . ' ' : : —=— RPS+Jet5 (Q*~225GeV?) s F
>10 = ) RPS+Jet20 (Q*~900GeV?) 1.6
s o ®
s F —=— RPS+Jet50 (Q*~4,500GeV?) S14F
E g i i i _E 1 2:
© @ 12
=10’ gl =
12 [T Y S S S
S o8 RPS inclusive
) N
) N norm. to unity and
T OO S OO oS e OO RN v oo ECH. SR SOOI R 0.6— 2 2
E o = set at Q'=1 GeV
- . | 0.4
-0. 05< gi“'s<0 08 0.2
10 EQZ ...... < E>2 ..... < ET>-{E!ret1+EJa12)!2 _LL—J o: IIIHI| 1 1 ||H||| 1 1 ||||||| 1 1 ||||||| 1 1 ||||||‘ 1 L \|||||| 1 L
CLa 11 | L1 11 | L1l | L1 11 | L1l | | - | L1l | |- | L1 L1 ¥ 2 A 2 3 4
0 01 02 03 04 05 06 07 08 09 1 10 10 1 10 10 10 10
2 2
It] (GeWc) Q" (GeV")

Fit do/dt to a double exponential:
F=0.9- €401

> No diffraction dips at |t| <1 GeV » Same slope over entire region of

> No QZ dependence in Slope > 0 < QZ <~ 10 000 GeV2l
from inclusive up to Q?~10* GeV

2
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0", and dijets

e . 5
soft 5 ) dijet

100 . . =

d & <005 o

S B Albrow et al. ’f"#

O Armitage et al. -
. + UA4 * ,,f” 1'\S—t Pdard flux
=] -~ Le== T35
E . COF '_."'/ ,I/” \‘\\\
5 A ET10 yd W 8 J
© X Cool et al. .~ Stssiinz??
& S Renormalized flux
Eﬂ f
e
&3 10f
- 1
=2
k3]
[ ]
=
% KG, PLB 358 (1995) 379
=
=
=
=]
|_
1 L L
10 100 1000 10000

F° (B)

_ [ ZEUS and H1 vs. CDF
= | e coF — PR
10— H1200260QCDFit(prel) e R
I ——  QCDfitto ZEUS 97 data
10
1L
-1
10

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.

O analysis nears completion
4 repeat at LHC at 7 TeV with higher E; forward jets
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EXCLUSIVE Dijet-> Excl. Higgs THEORY CALIBRATION

JJ  PRD 77, 052004 (2008)

YY PRL 99, 242002 (2007)
Xc PRL 242001 (2007)

—
-g_ Data corrected to hadron level 102 | ExHUME (hadron level)
-~ . . Y g Default
o L EXCIUSIve d’,lets I - e Derived from CDF
ﬁ._ ----- Exclusive DPE (DPEMC) | || o ->9. 108 Run Il 6! (™)
=_102 1 o Q ] Z_ |:| systematic uncertainty
— KMR X3 L Y E
S T Hadronization E = -
2= 1ok — vnceriny .S 107
o} iy S| E et 2 <25
Eft-2 > g -
T T 102L 3.6<n,,,<59
W %1< 25 : o
1 : F 0.03<&-<0.08
3.B<r|mp-<5.9 10-3_|.‘.|...p|.‘.|...|‘..|...|...|
003<5; <008 St ti[ stat. © syst. uncertainty 20 40 60 80 100 120 140 160
1 Il Il I 1 1 Il 1 I 1 Il 1 Il I Il 1 1 Il I Il 1 Il L I 1 Il Il Il I 1 Il 2
109152025 30 35 M; (GeVi/c?)

Jet EMM (GeV)
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Exclusive yy production

E-¥>5 GeV
p > P In’|< 1.0

1 3 vy / m°n° evts observed
» 2 vy candidates
» 1 %70 candidate

=1
=

V.A.Khoze et al. Eur. Phys. J C38, 475 (2005):
o (with CDF cuts) =56"72 fb = 0.87;? events

2 events = ¢ ~ 90 fb, in agreement with theory
[ cannot claim discovery as bgd study was made a posteriori
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Exclusive Dimuon Production [

+ -
P+p—opt+tpp +p 3 GeV/c2<MW<4 GeV/c?
3 many physics processes iy
in this data set: ] ; g
> o v+IP=>J/y = 1 u
Y u
p > P
B / R ) % 7w
— O *
exclusive % .in DPE IP+IP = ye >y +7)
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Exclusive Jhy and wy(2S)

J/w production

243 +21 events
dofdy|,,= 3.92 # 0.62 nb

Theoretical Predictions
2.8 nb [Szczurek07,],
2.7 nb [Klein&Nystrand04],
3.0 nb [Conclaves&Machado05], and
3.4 nb [Motkya&Watt08].

PRL 242001 (. 200|9)

~J
o

[=2]
[=)
T o7

P_/J/\I’

Fit :
2 Gaussians + QED continuum

Events per 10MeV/c?
(4]
o
I I L

Y
[=)
LN L

W
[=)
T TrT

N
o
T

-t
o
L

Y(2s) production

3417 events e A
dofdyl,-o = 0.54%0.15nb mo) Geve)
R=wy(2s)/J)/w=0.14 £ 0.05

In agreement with HERA: R=0.166 £ 0.012 in a similar kinematic region

o
1
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Exclusive y,—J/y(—ptp)+y

PRL 242001 (2009)

~
a
"l

=]
o
[Tr1

;

L2)]
(=)
7T

; P‘J/y/286 =352 = +66 events

 Allowing EM towers (E; >80MeV)
—>large increase in the J/\y peak &

Events per 10MeV/c>

-+
L=]
I
S

Allow extra EM tower minor change in the y(2s) peak

1)
=)
llIIII LI

]
(=]
T T

—
(=] o
TT T 1T]

H2s) 39240 = +1 event

et Lo} o0 noapn b bl
33 34 35 36 3.7 38 39 4

=» Evidence for:

} x.—Jy+y production

M(w*w’) (GeVic?)
do/dy|,, =75 14 nb,
compatible with theoretical predictions
=160 nb (Yuan 01)
=90 nb (KMRO1)
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Exclusive yy production P/
—new! -
(submitted to PRL: arXiv:1112.0858)

Observation of Exclusive v+ Production in pp Collisions at /s = 1.96 TeV
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Exclusive yy and e*e events

Integrated luminosity Line 1.11 £0.07 fb™'
Exclusive efficiency 0.068 £ 0.004 (syst)
Exclusive ~vy

Events 43

Photon pair efficiency 0.40 £ 0.02 (stat) = 0.03 (syst)
Probability of no conversions 0.57 £ 0.06 (syst)

7" b/g (events) 0.0, < 15 (95% C.L.)
Dissociation b/g (events) 0.14 £ 0.14 (syst)
Exclusive e e

“Events 34

Electron pair efficiency 0.33 £ 0.01 (stat) = 0.02 (syst)
Probability of no radiation 0.42 £ 0.08 (syst)
Dissociation b/g (events) 3.8+ 0.4 (stat) & 0.9 (syst)
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Exclusive yy data vs. MC

CDF Run Il Preliminary

CDF Run Il Preliminary

o r o r
S14f a)yy —e'e L2008 b) PP —yy
&12E +  Data &18E * Data
C q LPAIR MC 16F SuperCHIC MC
Em o (Abs. normalization) E_U 3 {Mormalized to data)
2 212F
= - [=
e L10F
w 6 w gE
af i 6F
3 4F
2: L1 l } 2F
D_ » = Ay D: MR T [
0 i) 10 15 20 25 0 2 10 19 20 20
e’e” invariant mass (GeV/c?) vy invariant mass (GeV/c?)
CDF Run Il Preliminary CDF Run Il Preliminary
o 22 o F ;
c) PP — vy > 18k d) PP — vy
- Data & 16E +  Data
SuperCHIC MC Y SuperCHIC MC
(Mormalized to data) o 14 o (Mormalized to data)
o 12F
Em;— |
% B‘:_ £
s @ 6f lﬂ
i 4 15 |
f: :
2| 2ff |
DE.: b E ﬁrll|llll|llll 0 EeafriiecEioy
0O 0102030405 06 07 005 115 2 25 3 35 4
It - Ag| (rad) P, of central system (GeV/c)
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CDF Run Il Preliminary

=
£ B — Diata
'53__25:— 4y MC (scaled)
n - -=-- %% MC (scaled)
s 20
sk

1o |

sF ] L

D- 'wu RRARARRRRA NEET! i- T lanal

D123455T89‘ID

Sum of CES showers

CDF Run I Pr‘Ehl‘I‘iII‘IHﬁ:‘ —~ 5

L24F Ty 2
22F —
20 E_ Fn:’:.'[':' =0.00 3 -] 4 |
18F X2= 267 3
16 F Frep(95%C L) < 0.34 3 3L
14F 3
12F 3
10F 3 2
8F 3
6F 3 ]
4F 3 1
2 :_ PR R NN TR TN T AN TN N WO AN TR N M N RN |_:
0 02 04 06 08 1 0

Eo—

MRST99

KMR -

o(p+p—p+yy+p)
m(y)l<1.0

E;>2.5GeV

KMR - MSTWOBLO
CDF Run |l

===

\'s = 1960 GeV

Fraction of n%° background

S

S

S

Inl<1, E+>5GeV
SuperCHIC

Inl<1, E+>5GeV
SuperCHIC

Inl<1, E+>5GeV
yyexcl

=0.35%

=1.42°3

= 2.48% £ 0.42(stat)+ 0.41(syst)pb

0

0

O (MRST99)

H (MSTWOSLO)
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Tevatron Low-s Energy Scan

September 8-16 2011

» Underlying event for various processes
» Gap-X-Gap events
O Tune MC generators

O Plan to have (some) results in summer conferences

0 s=300 & 900 GeV (CDF already studied Vs=630 , 1800 &1960 GeV)

» MinBias events (charged particle multiplicities, dN/dn, etc...

CDF data

300 1.89 M 12.1 M 9.2 M 8.3K 352 23.2 M
900 8.0 M 54.3M 21.8 M 550 K 16 K 84.7M
EDS-2011 Vietnam CDF Diffraction and Exclusive Production K. Goulianos 36




SUMMARY

a Diffractive W and Z fractions: final results based on Run Il CDF data using
a Roman Pot Spectrometer (RPS) to measure the recoil pbar momentum

a The W fraction is in good agreement with the fraction measured in Run |
based on a rapidity gap analysis

a The Z fraction is about 10% smaller than the W fraction, just as in non-
diffractive events

Q Diffractive structure function in dijet production:
v' no strong Q2 and/or t dependence over a wide range
v is there a diffraction dip in the t-distribution? =» coming soon

A Central rapidity gaps in min-bias and very forward dijet events:
v same dependence on AN=1N,. Nmin

Q Exclusive production observed/measured for several processes
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DIFFRACTIVE AND NON-DIFFRACTIVE
INTERACTIONS

Non-diffractive = no “large” gaps Diffractive - gaps

» Color-exchange “*» Colorless exchange with
vacuum quantum numbers

rapidity gap
Incident hadrons Incident hadrons retain
acquire color \ ‘ I f their quantum numbers
and break apart remaining colorless
| \ 11/ |
MV pseudo-
CONFINEMENT DECONFINEMENT

Goal: understand the QCD nature of the diffractive exchange
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Gap survival probabillity

i © CDF: one-gap/no-gap o o

A  CDF: two-gap/one-gap _ n / N
g - Regge prediction e S —

< 1 o 9

c [— Renorm-gap prediction .- -7 ] /

-% ' - U n
E aw - .

o

]

o

L-9a/0-02 (1800 GeV) = 0.23

2—gap/l-gap

1-gap/0-gap (630 Ge\/) ~ (.29

2—gap/l-gap

J J - 3
10° 107
sub-energy Vs (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 @ 1=0.

________ fixed &
CDF I S
_— om i « 1 e t=0
DIPOLEsS 0 QUADs Ol 0 QUADs 0eam DIPOLEs ﬂ. . .,v _______ ,"l' «— t=-0.5
= ; :J%D; ;D- -D; :D%D; :D - 5 z SE e —~ \\ » pbar
-
D ’ D 57m to CDF AX
X
=|TRACKING SYSTEM [ iccAL [ZjpcaL [limpcaL [ Jce [ ]Bsc [HIRPs
_ ,CDF Run Il Preliminary
_1D4CDF Run Il Preliminary _ 202 lel‘rmg fClCTOI"S
2 —e— X .t at NOMinal %o .
c . . .
; —a— X o +0.2 cm R ool \\ '-’,-’/ 1-statistics
© - xoffset+0'4 cm gm \\ j, Z‘beam Size
3 10 - . 3-beam jitter
o : - |
-
= =~ e i PR T N T R R J
§ '.‘\._-.-'.""."_._“ Y offset [cm]
o g =] ,CDF Run Il Preliminary
: B b: @ CDF
2 202
10 &
204 Vs
=" || W/lowlum data
= V4
Y N S I ) ) v | %-1: iBOle
0 01 02 03 04 05 06 07 08 09 1 S P D N e
Itl [GEVZ] ' 04 0.z 0.2 xoﬁse‘::.tcm]
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¢ & B dependence of F°, — Run |
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Diffractive dijets @ Tevatron

jet
P
p

reorganize

jet

FD(f,X,QZ)OCSC;zg F(x/£,Q%)
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Diffractive DIS @ HERA

J. Collins: factorization holds (but under what conditions?)

Pomeron exchange  Color reorganization
jet £

PE"/

e K r'eor'gamze

F°O(&,%,Q%) c —% - F,(%,Q%)

§1+g

Results favor color reorganization
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