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Diffraction at CDF in Run |

Find references in http://physics.rockefeller.edu/publications.html
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No radiation =
no price paid for increasing
diffractive gap size
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Highlights of Run | Results

Use MBR (Minimum Bias Rockefeller) MC for forward physics

DIS 2011, Newport News, VA, USA Diffraction Results from CDF K. Goulianos 5




TOTAL SD X-SECTION

=>» suppressed relative to Regge

= 0.05
Albrow et al.
Armitage et al.

E710 -~
Cool et al./,f’

X @+ OBRuw

10 <

Total Single Diffraction Cross Section (mb

<
UA4 <&

COF -

f Renormalized flux
l v

-
-
-

<
Q,f”
?ﬂ’ 1|\Star‘n:iz-lrld flux

t

540 GeV
1800 GeV

KG, PLB 358, 379 (1995)

1
10 100

1000 10000

Vs (GeV)

Factor of ~8 (~b)

<4——= suppression at
/s = 1800 (540) GeV

€ RENORMALIZATION MODEL

€ CDF results

DIS 2011, Newport News, VA, USA

Diffraction Results from CDF

K. Goulianos

6




DD at CDF

http://physics.rockefeller.edu/publications.html
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SDD at CDF

http://physics.rockefeller.edu/publications.html
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DPE / CD at CDF

http://physics.rockefeller.edu/publications.html
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Gap survival probability
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Run I|Hard diffractive fractions
pp —> (¥ +X)+gap or gap ..

Fraction: {5} Fraction %
SD/ND ratio .
JJ 0.75 +/-0.10

@ 1800 GeV
% 1.15 +/- 0.55

b 0.62 +/- 0.25

A A
<: }hard process J/w 145+/-0.25
dN/dn v

All fractions ~ 1%
‘ (differences due to kinematics)
,: \% > ~| FACTORIZATION !

n —
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Diffractive Structure Function (DSF)

= breakdown of QCD factorization

Run || PRL 84, 5043 (2000)
D% e 1 iR ~+- CDF data PP —>p+ [d IJet T X]
e H1 fit-3 EF"25 7 GeV . . .
100E  q2_75Gev?)  0.035<£<0.005 suppression factor is 2.5 times
't <1.0 GeV’ larger than in soft diffraction
10 b -
: - This contradicted the RENORM
prediction of suppression factor ~ 8
1L —> as in soft diffraction
0.1k
) - - B > momentum fraction
B

«— of parton in "Pomeron”
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Puzzles from run | results

[ gap fractions are suppressed relative to theory

...but

just like at HERA

predictions, both for soft (Regge) and hard diffraction
factorization holds among processes at the same energy,
0 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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Diffraction at CDF in Run Il - why?

L Resolve question on soft vs. hard diffraction

suppression — are they really different?

L Make precise measurement of the DSF in dijets
— sensitive to gluon pdf's

O Measure diffractive W/Z production
— sensitive to quark pdf's

 Central gaps in soft and hard diffraction
— BFKL, Mueller-Navelet, other

 Observe and measure exclusive dijet production
— important for diffractive Higgs searches
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| |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

I MPCAL - MiniPlug Calorimeters 3.5 <|n| < 5.1
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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.

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

* 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.
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FIG. 3: RPS acceptance as a function of £ and ¢ obtained
from simulation using the transport parameters between the

nominal interaction point and the Roman pots.
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Diffractive W/Z production

PRD 82, 112004 (2010)

> In LO QCD W probes the » Production by gluons
quark content of IS suppressed by a

diffractive exchange factor of ag, and can
be distinguished from

quark production by
an associated jet
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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.

RPS-trigger-counters

RPS-track

50 < Mw < 120

RPS-trigger-counters

RPS-track
& < 0.10

W —ev W — pv W —lle/p)v

12 320
9325
352 «— @
— 1l
091
74T

L@

";""'It OWeares

2

i=1

~-cal
gl =

6663 5657
5124 4201
192 160
L —ee L — uu
650 341
494 253
24 12
"?f {.J—r;r";'
w,'ra'"l:
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Diffractive W/Z analysis

Using RPS information:

 No background from gaps due to multiplicity fluctuations

L No gap survival probability problem

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

Z;RPS _écal _ &e—nv where gcal Z &e—n
\/g towers \/g
This allows determination of:
> W mass
and potentially (not enough range in present case)

" Xg; distribution

= Diffractive structure function
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Reconstructed M,, ™
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dReconstructed W mass using the 352
diffractive events fitted with a Gaussian.
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M,y from inclusive W—e/u+v

Method: compare transverse MW data with MC

AW ¢ [ v -l v CDF Run 0/1 ———— 80.436 + 0.081
Mp = 2(prT — PP :r)/f’

DO Run | ——e—— 80.478 + 0.083

CDF Run |I 6 80.413+0.048

coF uprotminary [ Lat-24m? Tevatron 2007 —e— 80.432+0.039
) -
- - . data DO Run Ii e 80.402 + 0.043
GO 15000 — —MC
= N background Tevatron 2009 o 80.420 + 0.031
- 10000~
= B LEP2 average — 80.376 £ 0.033
o - A mg? =15 MeV/c?
> B 2 =
L 5000 Kot =70148 World average o 80.399 + 0.023
S l | | July 09
%o 70 80 %0 10 30 80.2 80.4 80.6
2
m(ev) (GeV/c?) my, (GeV)

M3 =80.940.7 GeV/
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gcal distribution
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Diffractive W/Z fractions

ATW ATz
2 - *'\'SD(*'\' .S_D)
I,\Irl—il]t

ARPs * €RPStrie * €RPStk * NN p

~80% I ~87%% I

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

R (Ryz) =

Ry = [1.00 = 0.05(stat) = 0.10(syst) |%
R, = [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 |l
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Fi (X))
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o | @
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n
Single-Diffractive
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Xg; - distribution b - slope of t-distribution t - distribution

o 10 g i i f ! f T 7 7 - 2r 2
= E : : : ‘ : ¢ Q- 100Gev w RPS 5 i
—_ L . . 2 2 '=1.8—
= [ CDFRun Il Preliminary 72- e, S1OF 0.05<% "<0.08 @10
* 1.6— H H
3L ~g-smee'l| & °F CDF Run Il Preliminary AN
a F + Q= 6,000 GeV* S14F 10k
n u i T + Q= 10,000 GeV" §1 oF Ei
= -1
o 4 3 “-:J_ L ¥ Il - ‘ 1
‘E-“' 10 E - u~‘ """ i . N ﬁ 1_ L ] é * 1 5 :
o i e i == RPS inclusive g
B 0.08< 20 09 . : \g[ EOBE norm. to unity and E:
10% % 0 : m o E set at Q%=1 GeV* B
E Q£ <E>?, <Ep3=(Ef"+E2)2 . i S04 10g,
» - =
[ ovadrall syst. uncertainty: + 20% ( ), + 6% (slope) J 0.2 ::::
10° L ol —1 P S R T R RN T R 1
10 10 Xg 10 10? 10" 1 10 10° 10° 10*

Q% (GeV?)

* The xg-distribution of the SD/ND ratio has no strong Q? dependence
* the slope of the t-distribution is independent of Q2 for |t| < 1 (GeV/c)?
« does the t-distribution have a diffraction minimum at |t| ~ 2.5 (GeV/c)? (?)

> all three results are / would be & “first observation”
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Diffractive structure function — Run |l

-
=

Q? -

dependence

CDF Run II Pn\a-llmlnalryr

% = »0> 100 GeV?
= F Eﬂet ~ 100 GeV | e ey
g — 4+ Q' 1,600 GeV’
D T EEEESTRO SO VU SO SIS S-Sl SO 2 2|
- = --Q’~ 3,000 GeV
] = Q= 6,000 GeV’
T., - Q= 10,000 GeV’ [
-_g 107 Lo T e , ST SO SR
& - g ¥
: i,
B : : : : : . %
-2 : : : : : :
1‘] E_ ﬂﬂﬁ"-’ EEAL..‘:D ﬂg ................ 5 .............. ......... : ‘ .........
- Q’: --;ET:»2 -:ET>_{E‘“‘1+E£;*“}I2 ' ' f 4
B nverall syst uncertamty + 20% {nnrm}, + E% {slnpe} 5 1
1‘]4 : : | | : : |
10~ 10° Xg. 10"

» Small Q2 dependence in region 100<Q2<10 000 GeV?2

where doSP/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 ; ; ; ; — )
2 ~statistical uncertainties only | —*— RPSinclusive =9 3— 0. 05<§E‘PS<0 08
§ al ' ' : : —=— RPS+Jet5 (Q°~225GeV?) 5
>10 = ) RPS+Jet20 (Q*~900GeV?) 16—
® [ ® F
5 f —=— RPS+Jet50 (Q°~4,500GeV’) sS4
E : : : : _E -
8 s
= O A
% T * [ ’
S 50_3 - RPS inclusive
N norm. to unity and
o061 set at Q’=1 GeV*
C r
0.4
- : 0.2[-
_Q2_¢E>2 ..... < ET>_{E!|'E‘1+EJ&12)!2 o: ||||\|| L1 | \Hlll L1l I\Illl L1l |||||| 11 ||||||‘ L1 | |||||| 11
CL111 | L1 11 | L1 1| | L1 11 | L1 1 | L1 |1 | L1l | L1 11 | 1 I._I_‘L_J L1 . 2 - 2 3 4
0 01 02 03 04 05 06 07 08 08 1 o 10 ! oo e e
It} (GeWc) Q° (GeV')

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

: . 2
> No diffraction dips af |t| <1 GeV > Same slope over entire region of

> No Q2 dependence in slope , 0< Q2 < ~ 10 000 GeV2!
from inclusive up to Q2~10* GeV
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Dijet E; distributions
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Events
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10°
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I - .......... .............. .............. ............. .......... ......... ND-nbrm;--fo--S-B
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DF Run Il Preliminary
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END nbrm fo SD
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120

~100
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200
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)
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4 CDF Run II Prellmmary

- SD

= ND
ND norm to SD
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END norm. ti: SD
Jet E;>50 GeV

o

20 40 60 80
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E; = (EX"+E*?)12 (GeV)

= similar for SD and ND over 4 orders of magnitude " Kinematics
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CENTRAL GAPS

Gap Fraction in events with a CCAL gap

@ [ CDF Il Preliminary e MinBias
¥ 1 . 12,
5 5 —%— NP sMP Jets, E';‘12 2CeV Jet gap Jet
. - R = Noan Mgy —— MP_sMP; Jots, E7 > 4GeV
107 ——— 3.5 n™"¥|<6.1
Zi = CCAL gap J - haas P94
Eﬂ%ﬁ: - required . _.
= 2 -
102 - ¥
§ %-{-:.i.-—l— A== !\-.‘_ -
- f‘l‘ 'I‘ T_H_ +
107 = ﬁ -
10 | } | | | |
0 1

9 2 3 4 5 & %7
E""|="||'r'|.|znn:'r||'|1.in

The distribution of the gap fraction R =N /N, vs An for MinBias (CLCCLC, )

and MiniPlug jet events (MP *MP , ) of E eu2>2 GeV and E eun™> 4 GeV.

The distributions are similar in shape within the uncertainties.
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< Tl

100 - . — ~
sd| & <o S [ ZEUS and H1 vs. CDF
B Albrow et al. L 2 = | & coF e
O Armitage et al. /’/ = L H120026,0 QCD Fit (prel) s R
= + UA4 e AS:t—:n:d:ard Flux [ QCDfitto ZEUS 97 data
E ® COF #r‘/ ,,”4 ’ Q\\\\‘
5 A ET10 yd W 8
Iz X Cool et al. Stsaooz2%”
3 ed flux 0
@ i
o
G o10f
=
=
B
o
= 1 -
° KG, PLB 358 (1995) 379
£ 0.1 0
@0
S (t,) dSdt =
g [ ] fip(t.&) dgde=1 y
E.>min t=—0
kT 100 1000 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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EXCLUSIVE Dijet-> Excl. Higgs THEORY CALIBRATION

JJ  PRD 77, 052004 (2008)

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

—
Q 2| ExHUME (hadron level)
107
2 10° F 2 Default
E" ! - e Derived from CDF
. O 10 Run Il g&°! (ET"")
% alz " o
_102 o O B I:l systematic uncertainty
c 1S 1F
= =—= Uuncertainty == 10"
o 10F " _ © % I 21<25
it 2 5, pmin e B M <2
T T 2 3.6<n,,,<59
<25 L
1 : E 0.03<&_<0.08
3.5-€.'r|gm<5.9 10-37|H‘|...p|...|...|...|...|H.|
| oos<g<008 st ti[ stat. ® syst. uncertainty 20 40 60 80 100 120 140 160
1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 | I 1 1 1 1 I 1 1 2
109152025 30 35 M, (GeVic?)

Jet EMM (GeV)
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Exclusive yy production

(1) > 5 GeV
.
> In(y)|< 1.0

V.A.Khoze et al. Eur. Phys. J C38, 475 (2005):
o (with CDF cuts) =567 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—ptuu+p 3 GeV/c? <M, <4 GeV/c?
d many physics processes : : P
. . J
in this data set:
P : rp+ P y+IP—>J/y - u u
Y h ) % »
Y W —""
b S Y

IP+IP — y. > (J/y+y)

exclusive . in DPE
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Exclusive J/w and wy(2s)

J/w production
243 £21 events
dofdy|,-o= 3.92 + 0.62 nb

PRL 242001 (2009) |

“ 70F
Theoretical Predictions % n P A

28 nb [Szczurek07,), Esoé— ;itG:aussians + QED continuum

2.7 nb [Klein&Nystrand04], 5405_

3.0 nb [Conclaves&Machado05], and -

3.4 nb [Motkya&Watt08]. 305_

s w(2s)

¥(2s) production oy | (f/ED continuum e
34+7 events oflls el it titusal, lealin ey
dofdy|,-o = 0.54 % 0.15 nb M) GV

R =wy(2s)/J/w =0.14 £ 0.05
In agreement with HERA: R =0.166 £ 0.012 in a similar kinematic region
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Exclusive y . —J/y(—p )ty

PRL 242001 (2009)

3 P " 0 Allowing EM towers (E; >80MeV)
Emi M/y 286 2352 =+66events | 3 |arge increase in the JAy peak &
s 0 Allow extra EM tower minor change in the y(2s) peak

=» Evidence for:

@
=]
|

H(2s) 39240 = +1 event
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Y.—Jd/y+y production
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SUMMARY

Q 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

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

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

O Diffractive structure function in dijet production:
= no strong Q2 and t dependence over a wide range

QO Central rapidity gaps in min-bias and very forward dijet events:
=» same dependence on AN=N,..~ Mmin

O exclusive production observed/measured for several processes

thantk you

dor your attendance
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DIFFRACTIVE AND NON-DIFFRACTIVE

INTERACTIONS

Non-diffractive = no “large” gaps Diffractive =2 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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¢ & B dependence of F°; — Run |
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Diffractive dijets @ Tevatron

jet
P
p

reorganize

jet

FP(£,x,0%) ¢ élfzg F(x/€,0°)
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Diffractive DIS @ HERA

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

Pomeron exchange  Color reorganization
jef g)

e x r'eor'gamze

FP(E,x,07) o - Fy(x,0%)

1
§1+8

Results favor color reorganization
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