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DIFFRACTIVE AND NON-DIFFRACTIVE
INTERACTIONS

Non-diffractive > no gaps

Diffractive > gaps

*» Color-exchange

<+ Colorless exchange with
vacuum quantum numbers

rapidity gap

Incident hadrons

' |
and break apart || AL

‘ VAV V.V
CONFINEMENT

Incident hadrons retain
their quantum numbers
remaining colorless

l

pseudo-
DECONFINEMENT

Goal: understand the QCD nature of the diffractive exchange
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Diffraction at CDF in Run |

http://physics.rockefeller.edu/publications.html

Elastic scattering o©+1=Im f, (t=0) Total cross section

. L. (=

O

Single Diffraction  Double Diffraction =~ Double Pomeron  gjnq1e + Double
dissociation (SD)  dissociation (DD) ~ Exchange (DPE)  piffraction (SDD)

|
|

E 1 +4
“nested” gap
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G'sp (PP & PP)

= suppressed relative to Regge for Vs>22 GeV

Total Single Diffraction Cross Section (mb

—
=]

< 0.05

Albrow et al. -
Armitage et al.

A4 -
CCF d
EV10 -~

Cool et al./”

X @+ OBRuw

1800 GeV

KG, PLB 358, 379 (1995)

y f Renormalized flux
1 \

ol CDF Run I results

B Factor of ~8 (~H)

suppression at
/s = 1800 (540) GeV

€ RENORMALIZATION MODEL
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Diffractive Structure Function (DSF)

= breakdown of QCD factorization

Run || PRL 84, 5043 (2000)
o f
.:E [ e HAfit-2 —+- CDF data
b H1 fit-3 B2 7 GeV
100 (Q*=75GeV?) 0.035 < £ < 0.095
't <1.0 GeV’
10 |
g T,
1L
0.1F

pp — p +|dijet + X]

suppression factor is 2.5 times
larger than in soft diffraction

This contradicted the RENORM
prediction that it should be ~ 8
- as in soft diffraction

B = momentum fraction
«— of parton in "Pomeron”
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Run I|Hard diffractive fractions
pp —> (¥ +X)+gap or gap ..

Fraction: {i} Fraction %
SD/ND ratio |—
JJ 0.75 +/-0.10

@ 1800 GeV
W | 115+/-055

b 0.62 +/- 0.25

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

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

n —

DIFFRACTION 2010, 09/10-15 Otranto, ITALY Diffraction News from CDF K. Goulianos 8§




Puzzles from run | diffraction at CDF

[ 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

0 DSF at Vs=1800 GeV suppressed by factor ~ 20 while
Regge by factor ~8 - contradicts RENORM prediction
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Why Run Il Diffraction at CDF?

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
 Aim to observe exclusive dijet production
— important for diffractive Higgs searches
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| CDFII

P '.:I ——
N Iﬁlﬂl—lﬂﬁ'ﬂ.f‘—‘—ﬁ :':i:g.ﬂlﬁlﬂl_lﬂ PP ."l-:
5 = - ' L i P
]
§7m to CDF

| |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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Measurements “/the MiniPlugs

2

ADC counts: West-MP Tower (3 CLC-NTESBENB HILI‘

MP TOWER

é

STRUCTURE

MULTIPLICITY

E

@ POSITION

ENERGY

E

C_DF Run Il Preliminary

% 90002—;_-.- -~ SD

T, sooo%-- = ND o
7000? ND norm. to SD gCAL . Zi ET e’
o O I I ADC counts in MiniPlug towers
B - NIM A 430 (1999) in a pbar-p event at 1960 GeV.

T 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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do/dt [arbitrary units]
=

-
[=}

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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—

-t (GeVlc)®

-1
From PRD 10 _ 0.04 0.06 0.08 0.1
(submitted) :

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
status: submitted to PRD

> 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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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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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 — pv 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 — uu — [l
RPS-trigger-counters 650 341 091
RPS-track 494 253 TAT
&=l < 0.10 24 12 36 @
Niowers ml) )
-cal T —n"
S Z 1;:‘ !
i=1 Vv
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Reconstructed M,, ™

L Woeluy  (MT=80.9+ 0.7 Gevic®

N W
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o

number of events /(2 GeVI/c 2)
N
o

18]

00 20 40 60 80 100 '120 140,160

(GeWc )

dReconstructed W mass using the 352
diffractive events fitted with a Gaussian.

DIFFRACTION 2010, 09/10-15 Otranto, ITALY Diffraction News from CDF K. Goulianos 19




M,y from inclusive W—e/p+v

Method: compare transverse MW data with MC

AW [ v —] —*p\ /. CDFRuno0/ e 80.436 + 0.081
M 2008 — P Ph)/c
DO Run | ——e—— 80.478 + 0.083
CDF Run I 6 80.413 + 0.048
coF preminary [ at-24" Tevatron 2007 —e— 80.432+0.039
0 -
- - data DO Run Ii e 80.402 + 0.043
GO 15000 — —MC
= - background Tevatron 2009 —— 80.420 + 0.031
E 10000 —
§ - A m2®t = 15 MeVic?
2
W 5000~ fdof=70748 World average o 80.399 + 0.023
. | . . . l | | July 09
%o 70 80 s 100 30 80.2 80.4 80.6
2
m.(ev) (GeV/c’) my, (GeV)
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gcal distribution

3 L 5— W, RPS track L=0.6 fb-!

2, 10° w,z"5s datad "o
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Diffractive W/Z fractions

AW (ATZ

2 - N HD( \

_1 \ r1—int
RPS ° ERPcﬂ:llﬁ" ERPStrk ND

~80% 68-80% ~87% .., =(25.6+1.2)%

Ruw(Ry) =

R, (0.03 < £ < 0.10, |t|<1)=[0.97 + 0.05(stat.) + 0.10(syst.)]%

Run I: RV =1.15£0.55 % for ,<£<0.1
=> [0.97+0.47 (stat and syst) % within 0.03 < £ < 0.10 & |t|<1

R, (0.03 < &£ < 0.10, [t|<1)= [0.85 + 0.20(stat.) + 0.08(syst.)]%
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DSF from Dijets in Run I ﬁ ] :

¢ ® ¢
Rate>’ (X . FP(x... ®
R(XBj)E ij ( BJ) jj ( BJ) ‘n .n

ND ND ] ] ] ] ;
Rate . (XB-) F. (XB-) Non-Diffractive  Single-Diffractive
Xg; - distribution b - slope of t-distribution t - distribution
o 10— s s T s : R = = 2r 2
z = . . 'Q; 100 Gﬂz g E RPS 5 1
=t CDF Run Il Preliminary :g,:::gﬁ:-‘_! S 18 0.05<4; <008 510«%
f 1E Q- 3:000&\"- 51-6:_ CDF RUI‘I II Pre“m'nary 7:
o g + Q= 6,000 GeV* =14 107
? T"T"i-i- ’i 1 + Q= 10,000 GeV* ﬁtzi E
2 ' i ad g gil s o ‘ 3
=10 E - 1 L 1 !
g f uﬁ"" i é ; io_ﬁi RPS inclusive é ¥ 1 %:
- cAL . : ‘2 E F norm. to unity and ::
10° 0.03<£2"<0.09 _ : Noo.s:— set at Q%=1 GeV? ol
8 Q£ <E}>?, <E3=(EF"+Er2)2 i S04 g
[ overall syst. uncertainty: +20% ( ), + 6% (slope) ']‘ u_z:— - . HE . .
S — T A o e

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

- the t-distribution 222222 diffraction minimum 1 222222 1

> all three results & “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
E - 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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do/dt [arbitrary units]

Diffractive structure function — Run |l
t - dependence

CDF Run Il Preliminary

CDF Run Il Preliminary — 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—
- ®
- —=— RPS+Jet50 (Q°~4,500GeV°’) S14F
g : : : -E —
. = 1.2
10 ;- -
T - R e e
r [ )
50_3 - RPS inclusive
2 N norm. to unity and
107 et e ke ol e 0.6 2 2
= o F set at Q"=1 GeV
S _ | 0.4
-0.05< gi"'s«:o 08 _ : 0.2
10 _Q2_¢E>2 ..... < ET>_{E!:‘1+EJ&‘2)!2 o: |||H|| L1 | \Hlll L1l I\Illl L1l |||||| 11 ||||||‘ L1 | |||||| 111
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] (Ge\Hc) Q° (GeV')

Fit do/dt to a double exponential:
F=0.9 €401
> No diffraction dips

> No Q2 dependence in slope
from inclusive to Q2~10% GeV?

> Same slope over entire region of
0< Q%< ~ 10000 GeV3

DIFFRACTION 2010, 09/10-15 Otranto, ITALY Diffraction News from CDF K. Goulianos 25




Dijet E; distributions

10° CDF Run " Prellmmary : : a CDF Run II Prellmmary

-
(=]

i i i i : : "' SD %
A =D ®
107 | Ml S — D— o~ 'ND-norm.to SD Ll

- SD
-= ND

ND norm to SD

Events

E s JetE>5GeV .
N BATH R R B B 107 La Jet E;>7 GeV
10 i B e =
; 10 ; ..................... SRV SN SN SN AU S S S
PRI VN N T N O . -
E 1 SERREEE R
10" ||||||-_‘_:h|| 1(]1_

0 20 40 60 80 100 120 140 160 180 200
4+ CDF Run Il Preliminary

DF Run Il Preliminary

[— SD 8
|-= ND 3
;ND nbrm fo SD w
Jet ET>20 GeV

| SD
+ ND

Events

T IIIIIII‘ T I\IIIH;’

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

10 o WA S SR SO S S 10

T \IIIIII‘ T \IHIIIl T I\IIIII| T I\IIIHl T \IIIIHO

0 "20 40 60 80 100 120 @ 140 180 200 20 40 60 80 100 120 140 160 180 200

E, = (E!:“+E!;=t=)f2 (GeV) E; = (Ef"+E)/2 (GeV)

o

= similar for SD and ND over 4 orders of magnitude " Kinematics
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p e . E
p 0 0 dijet
100 - . — 2 |
sd| & <o0s <_ [ ZEUS and H1 vs. CDF
W Albrow et al. ,’f" a = ® CDF e
O Armitage et al. /’/ = L H120026,0 QCD Fit (prel) s R
— + UA4 e —S=t—=nd~ard Flux [ QCDfitto ZEUS 97 data
E ® CCF ,..-"// II”$ - . \\\\\\
5 A ET10 yd W 8
E X Cool et al. Ssoaoz2?
3 ed flux 0
@ ;
e
3 10r
=
S
i
m
= 1 F
2 KG, PLB 358 (1995) 379
£ 0.1 0
[ ] fepto)dedt=1 _1
E.>min t=—00 0r
Yo 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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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
ﬂﬂ -ﬂ: - required . _.
= 2 -
102 - ¥
§ %-{-:.i.-—l— A== !\-.‘_ -
- f‘l‘ 'I‘ T_H_ +
107 = ﬁ -
10 | } | | | |
0 1

9 2 3 4 5 & %7
AN Nmax Memin

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

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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SUMMARY

Results were presented for diffractive W and Z fractions
pbased on Run || CDF data using a Roman Pot Spectrometer
(RPS) to measure the recoil pbar momentum.
The W fraction is in good agreement with the fraction
measured in Run | based on a rapidity gap analysis.
« The Z fraction is about 10% smaller than the W fraction, just

In non- -diffractive events

| ess report was presented on the diffractive structure
4 onin dijet production and on an analysis on central
“rapldlty gaps in min-bias and very forward dijet events.

- gl |
W atlendavce
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... use for last minute results

DIFFRACTION 2010, 09/10-15 Otranto, ITALY Diffraction News from CDF K. Goulianos 31



¢ & B dependence of F°; — Run |

16f @ Ef'?>7Gev ]
1 ak |t]<1.0GeV* |
1.2} .
1 :+ .... o T —— ]
0.8F .
2.5 -+ : : | | : =580f-!5“
s b (b 4702
1l 2__ ( D 1 1 ] e
f? : Fj (B,é;)oc ero,l 'éo.%o.l _560 E
~1.5F 350"
z | 140=
U1 430 ¢ d
=t — 4002 Oinel
©o5F s = oc constant
0 [IFEETErS EPETETEr EPErErET BN BT 20;:

003 004 0.05 006 0.07 0.08 009 0.1

Pomeron dominated |

11
FP(B,&)~ ¥
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D/ND dijet ratio vs. xg;@ CDF

CDF Run |
/>-<\ 1 [ [u} A ° ] A v
Toal - <&¢>= 0.04 0.05 0.06 0.07 0.08 0.09
[ AE = 0.01 E#e“’2>7GeV 0.035 « E_,< 0.095
oL . |t|<1.0 GeV?
X2 stat. errors only Flat a dependence
b f B=05 for p<0.5
—0.45
=% 12 R(x)=x
B (%) (%)
_3-
10 =

X (antiproton)
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FP,,(€,8,Q%) @ Tevatron

1 C(0) 1 C)
FD(?)ﬂ:QZ):Nrenorm 128 N w28 2
/ £ () M@ & pre
_Xminzi
N—l _ 1 di E,nmin_ B BS R
renorm . §1+28 4
SD 2¢ 1 —(2¢)
RENORM = R°7 (x)= X
ND 2¢ 51 _ ,1(Q2) T
£, = 02— x
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Diffractive dijets @ Tevatron

jet
P
p

reorganize

jet

FP(£,x,0%) ¢ élfzg F(x/€,0°)
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