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pp results from CDF

see also CDF talks in this Conference by M. Albrow and J. Pinfold

soft and hard diffractive processes studied at CDF

S e

Single Diffraction  Double Diffraction ~ Double Pomeron  gingje + pouble
dissociation (SD) dissociation (DD) ~ Exchange (DPE)  piffraction (SDD)

i
L

exclusive AJJ..ee..up...yy
JI,b, 7y, W p < ‘v( > P
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http://physics.rockefeller.edu/publications.html#diffraction
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M? scaling

=» do/dM? independent of s over 6 orders of magnitude!
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=> factorization breaks down to ensure M? scaling!
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Gap survival probability - S
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sub-energy Vs’ (GeV)

/s;—_gnggg—_ggjg(lfgoo GeV) ~0.23

| SyErer (630 GeV) = 0.29
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Total Single Diffraction Cross Section (mb)
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- ZEUS and H1 vs. CDF

® CDF
F—— HI12002 0,0 QCD Fit (prel.)
I ——  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 slapes?
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s CDF Run II Prellmmary
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= similar for SD and ND over 4 orders of magnitude " Kinematics
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Dijets:

diffractive

CDF Run II Pn\a-llmlnalryr

% 0E - [#Q’ 100GeV?
- - E-I-Jet ~ 100 GeV ' BQ's 400 GeV?
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Small Q2 dependence in region 100 < Q2 < 10,000 GeV?

= Pomeron evolves as the proton!
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do/dt [arbitrary units]

Dijets - diffracti

CDF Run Il Preliminary
:statisitical uincertaiintieséonly —=— RPSinclusive
i : : : : —=— RPS+Jet5 (Q°~225GeV?)
RPS+Jet20 (Q°~900GeV?)
—=— RPS+Jet50 (Q°~4,500GeV’)

jet1

_Q2_<E>2 ..... ~ ET>_{ET +Eje.'|2)!2 A, 1.
CL111 | L1 11 | L1 1| | L1 11 | L1 1 | L1 |1 | L1l | L1 11 | 1 |._|_l_l L1 .
0 01 02 03 04 05 06 07 08 09 1

It] (GeVic)®
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> No Q2 dependence in slope
from inclusive to Q2~104 GeV?
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» Same slope over entire region of
~1< Q2 < 4,500 GeV?
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Hard diffractive fractions

Fraction: SD
@ 1800 GeV

Fraction (%)

JJ 0.75 +/-0.10

W 0.115 +/- 0.55

b 0.62 +/- 0.25

Jy | 1.454/-0.25

dN/dn

>

All fractions ~ 1%

~ | FACTORIZATION !

(differences due to kinematics)
» ~uniform suppression

Tl—»
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Diffractive W/Z pr

> Diffractive W production

DIFFRACTIVE FRACTIONS
RW (0.03 < & < 0.10, |t|<1)= [0.97 + 0.05(stat) + 0.11(syst)]%

Run I: RV =1.15£0.55 % 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)]%

__/ Fractions RW and RZ are equal within uncertainties
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Multi-gap dijets - factorization restored!

—

> R(SD/ND)

J \

> R(DPE/SD)

— DSF from ratio of two/one gap:
factorization restored!

p

= -+ from DPE/SD, Qf01<E< 2/ e or : i
035 < £ <0.095 " E—— miz00z00 QCD At peety e R L | CDF data, based on DPE/SD

—— QCDfit to ZEUS 97 data

|+ from SD/ND,

10 &
_+_

At =g

— H12002c,D QCD Fit (prel.)

0.1t

01k

| L L PR T
0.1 1

p B 071 K
The diffractive structure function measured on the proton side in events with
a leading antiproton is NOT suppressed relative to predictions based on DDIS
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Exclusive dijet and Higgs production
Phys. Rev. D 77, 052004

suppression factor ~ 50
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Central gaps

Gap Fraction in events with a CCAL gap

€ [ CDF Il Preliminary e MinBias
£ 1§_ —%— MPsMP. Jais, > 2GeV Jet gap Jet
3 = Rpa™ Npan Mg —+— MP_sMP; Jals, E} > 4Gay
o L
- CCAL gap J - e .
nﬂﬁr e ++‘ . .
= Roe L o ~.+—rInclusive
= + .
10° L i‘ ]L ﬁk‘l.ﬁ C dljetS
10 ! t% . ! ! ! did f.
0

1 2 3 4 5 & %
AN=Nmax Nimin

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

and MiniPlug jet events (MP «MP , ) of E a2 GeV and E s> 4 GeV.

The distributions are similar in shape within the uncertainties.
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Vector meson ¢

. Q* e(k)
(Pierre Marage, HERA-L ) elk) N
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O left - why different ¢ vs. W slopes?
O right - why smaller b-slope in y*p?!

LOW X 2009, Ischia, September 8-13 Diffraction at CDF and at the LHC K. Goulianos 18




Dijets in yp at HERA - 2007

[slide from summary of the HERA/LHC Workshop of March 14, 2007]

Dijets In yp

Frixione NLO code

H1 Diffractive Dijet Photoproduction + hadronizarion correction
@ H1Data H1 2006 Fit B DPDF .

correlated == FR NLOx(1+3,,,) Hadron-like y

uncertainty — FRNLO 1
~— 1000
2 ﬁ_mﬂ H'l direct b) -
ga e resolved
] & |
s 3 Xy

i

0.2 0.4 0.6 0.8

1
x;elu

* large violation of naive factorization
observed

QCD factorisation
not OK

» factorization breaking occurs in direct and
resolved processes

Unexpected, not
understood .

Matthias Mozer, HERA-LHC 2007
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Dijets in yp at HERA - 2008

H1 Diffractive Dijet Production

-
122

[ H1 2006 Fit B DPDF

| based on H1 data from
| EurPhys.]. (2007) C51:549-568

—

(Data/NLO)_/(Data/NLO)p,q
o
Lol

IS 2008 talk by W. Slominski,
H1-2006-B, GRY

d 20-50 % rise (?) from ET 5210 GeV
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Renormalization:

=> works for pj
erlapping gaps!

Process

Thread #2

Time

v

figure from http://en.wikipedia.org/wiki/Thread (computer_science)
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D: M2 scaling
Is expected in QCD

rapga
Y Jrrec
l-x, =E=—01 fan=-In
S | 0 |
«— In M2 —
«  Ins X

( do j do 1 do 1
— ~ constant > —oc — = oC
dAn ) _, dg dM? M2
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Multigap cross sections

Ay, Ay, Ay,

Vi Yo
5 independent Variables{ t ¢

dS;V _Cx P, )Hz{ v 12 2 gelovivos))

l

i=1-5 \_ _ — v
Gap probability Sub-energy cross section

J a8 Nn s (for regions with particles)

color
factor

Same suppression
as for single gap!
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Diffractive dijets @ Tevatron

jet
P
p

reorganize

jet

FP(£,x,0%) ¢ glfzg F(x/€,0°)
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FP,,(€,8,Q%) @ Tevatron

1 C(0%) I ()
FD s /7o : :N : 2 = ) | 2
(é: IB Q ) renorm §1+2g (x/g)/%(Q ) §1+28 IBl(Q )
_ Xmin zL
N—l _ 1 d& émin_ B BS .
renorm - §1+28 4
SD 2¢ 1 - (2¢)
RENORM = R ( )—
ND g 2e 51 ~ (0 2 ) T
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SD/ND dijet ratio vs. xg;@ CDF

— 1
=
'
10
SD
_F(x)
~ pND 10
Fi~ (%)

CDF Run |
<t>= 0.04 0.05 0.06 0.07 0.08 0.09
AS = 001 EX125 7 Gev
) |t] < 1.0 GeV?
X2~ — e stat. errors only

B=0.5

x2% — &
%23 —
%22 —
X2 —

X (antiproton)

0.035<« & < 0.095

Flat & dependence
for p<0.5

R(X) _ x—0.45

LOW X 2009, Ischia, September 8-13

Diffraction at CDF and at the LHC

K. Goulianos 26




Diffractive DIS @ HERA

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

Pomeron exchange  Color reorganization
jet £

PE"/

e reo r'gamze
_.\ Contradlcted by 4\.

direct vs. resolved DIS 1
FD“)(éxQ)oc = F,(x,0%)

D(3 2 1 C(Qz)
FZ ()(éaﬂag )OC 1+ & 2 T a
° (g @
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Inclusive vs. diffractive DIS

KG, “Diffraction: a New Approach,” J.Phys.G26:716-720,2000 e-Print Archive: hep-ph/0001092

0.5 T T IR T T
| Inclusive
- O H1 F ~ x_ﬂ’
04 | ® ZEUS 2
- hadron—hadron
| Diffractive
0.3 I « ZEUS—-LPS prel.
< | x ZEUS—FPC prel.
| 4 H1 prel.
0.2
I ‘ﬁ’a ‘
&
0.1 | u +¢.¢
E |—» [
1 0 b 3, =2 ]
10 ° 10 1
Q
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Dijets in Yp at HERA: the expectation

K. Goulianos, POS (DIFF2006) 055 (p. 8)

100 . ; —
£ <005 A
B Albrow et al. ’f"’
O Armitage et al. /’f
+ UA4 ,f’{ Standard flux
2 oo _ Factor of ~3 suppression
< coeta | expected at W~200 GeV

s Henormalized flux

(just as in pp collisions)
for both direct and resolved components

-
=]

Total Single Diffraction Cross Section (mb)

10 100 1000 10000
—
Ws (GeV)
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Dijets in yp at HERA - 2007

Dijets in yp
Frixione NLO code

H1 Diffractive Dijet Photoproduction + hadronizarion correction
$ HiData  H12006 Fit B DPDF et
correlated == FR NLOx(1+3, ) Jé (tj

uncertainty — FRNLO

.31000 d R
e B 1000} H{ direct b)
Ky - . |resolved
] >
=] o 750
5 600 5
o S
400
200 -
-
%2 o0a o0s o8 1 %2 o4 o6 08 1 :
t
25 b

1 see figure on right:
O =>» same suppression for direct and resolved processes
O => suppression at low z°® since larger An available for particles
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Vector meson

. Q* e(k)
(Pierre Marage, HERA- ) elk) N
> — o —] LLg(qr) .
i &o i o
i 1021 HRERES- o T @RS | W ( (
C E
O 9]
o RS S, 1 R
§ 10 L IR p(p) kt/ Y(pl)
n " % %%% 0,22§ e I RARAS RARAS RARAN RALRS RARLS RAREE RALLE RAALE DA
S Foeg  olyp = wp) W T B aaf Yp—>0 -
= o 0.22| ot _ ;
o 'E OMW 1 = :‘!‘ ® ZEUS 120 pb” :
T Tl > ep) e L
10 . gl ]
a(yp = J/¥p) W :
¢
| 5 1 6 ' LI ]
102w ZEUS 5o . [ ¥ { _
- e ZEUS (prel.) 1 al E
- 0O H1 ] i i
- % HERMES o(yp = ¥(2S)p) o - -
19°L  © fixed target W . oL h
E O.(,yp%T(/IS)p) E :!IlIIl[IJIl|JllI|IIIJ|lIII|lJIl|IIllJIlIIIIlJI:
B S o 070510 15 20 25 30 35 40 45
1 10 107 W(Ge\/> Q? (GeV?)

O left - suppression of 20-50% at high W =» more room for particles
A right - suppression at low |t| for high Q2 =» same reason
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; g&% EDS 2009, 39 Jun 2009, CERN --Discussion panel

Eh-at can we learn/expect from the LHC experiments?” K. Goulianos

[ goal.............understand the QCD basis of diffraction & discover new physics
d TEVZ2LHC...confirm, extend, discover...

Q Tools.......... larger Vs > larger o, An & E;
—
TODO:

» Elastic, diffractive, and total cross sections
» Important to study partial cross section components
=>» need topology (multiplicity, E, ...)
» Hard diffraction
» diffractive structure function =>dijets vs. W
» Multigap configurations

> jet-gap-jet & do/dAn vs. E{¢'=» BFKL, Mueller-Navelet
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Dar‘k Energy ;

Non-diffractive.interactionss - T e Diffractive interactions

-
Rapiglity gaps are formed by= Rapidity gaps at t=0 grow with Ay:
multiplicity fluctuations: -

)

. atticles - : --' it
P(Ay):e p%y"a' p: prt-- : P(AY)‘t:ON :
2€: negative particle density!

~ ,
- ' - Gravitational r'éipr)ulsion?

g

. e_ZSAy
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SUMMARY

Diffraction results from CDF were presented under the

pphysms theme of
Results from yp (y*p) interactions at HERA were also
discussed focusing on factorization breaking aspects.

Renormalization of the rapidity gap probability was

oroposed as the COMMON thread in explaining

tor! ation breaking by eliminating double-counting from
rapidity gaps.

Suggestions for diffractive studies at the LHC were offered,

- |
'W Mz‘endmce
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The CDF |l detectors

W% A

%Ll .. CDF- N 1 1 fﬁlgé"'r'fé{;’( Roman
==
LY

—— T mm | | | pots
= ' . T A l-..x 4 f,e--"'ff (56 m from BO)
_'_‘__,_.-""-. rl 4 kY —— s l.f --f.-{,

Centrall Beam Shower

MP Plug CLC MiniPlug Counters
3.5<|n|<5.1 5.5<|n|<7.5

(1°) (0.1°)

RPS acceptance ~80% for 0.03 < £ < 0.1 and |t| < 0.1
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¢ & B dependence of F°; — Run |

C1-8"""""""""" rrrrrrrr )
16f @ EJ‘"t1 >7GeV ]
1afb |t]<1.0GeV* |
1.2} .
1 :—?— ________ e Y —— ]
0.8F .
25 1 } i””“’”zsoﬁ
NG {702
r b E
E:L Fjj (B’é)ocﬁlmm §o9+01 360 5
~1.5F 450"
DEE’: 440 =
o 1r 130 &5 d
4 — 4202 G1ncl
Lo5F . s “=a oc constant
0 4102
IR R | Ll d g€

0
003 004 0.05 006 007 008 0.09 0.1

Fj]j) (Ba &) ~ é : é gomer'on domina‘re?]
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