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INTERACTIONS

Non-diffractive: Diffractive:

Color-exchange Colorless exchange carrying
vacuum quantum numbers
rapidity gap

Incident hadrons Incident hadrons retain
acquire color \ \ I f their quantum numbers
and break apart remaining colorless
\ V1 |
‘ (Vo VoV, V]
pseudo-
CONFINEMENT DECONFINEMENT

Goal: understand the QCD nature of the diffractive exchange
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M?2 scaling: no price
paid for increasing
diffractive gap size

rap-gap
n=-Ing

5 0 !
«— In M2 —
3 In's R
( do j do 1 do 1
= ~ constant => — o — = oC
dAn t=0 d sz M2
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SD SD sD DD

Single Diffraction  Double Diffraction ~ Double Pomeron  gingje + pouble

dissociation (SD)  dissociation (DD) ~ Exchange (DPE)  piffraction (SDD)
» Central Diffraction

&4
&4
4

&4
4

nested gap

use gap nesting until no diffractive gap fits in Vs’
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M? scaling

= do/dM?|,_ , o5 independent of s over 6 orders of magnitude!
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=> factorization breaks down to ensure M? scaling - why?
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c7s, (PP & pp)

=>» suppressed relative to Regge

X @+ OBRuw

—
=]

< 0.05

Albrow et al.

Armitage et al.
A4
CCF
EV10
Cool et al./”

540 GeV

v

f Renormalized flux

Factor of ~8 (~b)
suppression at
/s = 1800 (540) GeV

1800 GeV

Total Single Diffraction Cross Section (mb

1

KG, PLB 358, 379 (1995)

10

100 1000

Vs (GeV)
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REMARKS

O MC generators for diffractive studies:

= PYTHIA & PHOJET disagree with each other and with data.

O Diffractive factorization breaking at HERA:
Vector mesons: o vs. W, b-slopes of t-distributions, ...

Dijets: ETjet dependence, resolved vs. direct components, . ..

O Renormalization (RENORM) model: describes both p (p)-p andy (y*)—p
= MC based on RENORM model:
MBR (Minimum Bias Rockefeller) used at CDF.

O Luminosity measurement: requires a known x-section and MC predicted
acceptance of a detector component.

= suggest SD: well defined and slowly varying x-section
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CDFII
FOLES aUkDs e "ﬂ sk oo, N
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[ = | T | = I 0

=
p

-
§7m to CDF

[ Irrackina system | |ccaL []eca. [Mwecan [Jcc [Jesc [laes

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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Diffractive Structure Function

=» breakdown of QCD factorization !
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Diffractive Structure Function

=
o - H1 fit2 ~+- CDF data
Ll__' ) . —_— —_—
= H1 fit-3 EF2>7 GeV pp—>p+ X
100
= (Q°=75GeV?) 0.035<&< 0.095
1t]<1.0 GeV?
10 |
T g/ﬁame suppression
as in soft diffraction - why?
1 b - ~—
[Using preliminary PDF's from= >
0.1l — H120025,0QCDFit(prel) =%,
0.1 ’ momentum fraction of parton
B in "Pomeron” - note quotes
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Dijet E; distributions

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

= similar for SD and ND over 4 orders of magnitude " Kinematics
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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 i (X Bj) Fjj (X Bj) Non-Diffractive  Single-Diffractive
(ND) (SD)
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 u“'—i-i é ; io_ai RPS inclusive é ¥ 102%:
- caLl . :‘2 E F norm. to unity and E:
L 005009 i G 0.6 set at Q=1 GeV? oL
E Q75 <Ept, <Epa=(EF"HEF2)2 . i S04 3
[ overall syst. uncertainty: +20% ( ), + 6% (slope) ']‘ u_z:— - . HE . .
R e T T R 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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¢ & B dependence of F°; — Run |
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Diffractive W / Z - analysis

Niowers E;
cal T —
gt — :
P S
i=1
CDF Run Il Preliminary all towers 1
2 10¢L = W, RPS track L=0.6 fb {RPS — {'Cf‘l — T o
5 3 RPS 1._can . /s :
> s W, E_, i=1
o Faw 50<MN<120
ik = Z RPS track aax !
@ 3 =t
0 o Z E.l <O 1 -D-D g o -1 .
E e NDZ(norm) o8 P, =Fr/tan [2 tan™" (e " )}
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number of events /(2 GeVIcZ)
- - &) N w
(3] (=} (%] o (%3] o

o

0 20 40 60 80

Diffractive W / Z - results

CDF Run Il Preliminary

<m3\>=80.9 + 0.7 GeV/c?

100 120 140 ,160
(GeVlc )

MEPS = 80.398 & 0.020 GeV/c?

Table 1: W and Z events passing successive selection requirements.

W—ev | W —pv | W=l
RPS-trigger-counters 6663 5657 12 320
RPS-track 5124 4201 9325
50 < My < 120 192 160 352
Z —ee | J— Z —
RPS-trigger-counters 650 341 991
RPS-track 494 253 747
geal < ().10 24 12 36
2. NI, (NEp)
RH"{ RE } - rl —1111;
Rpps - €ERPStrig * € RPStrk ° 1‘*

Ry =

Rw = [0.97 £ 0.05 (stat.) £ 0.10( syst.)]%

[0.85 £ 0.20( stat.) + 0.08( syst.)|%
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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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DIFFRACTION PHENOMENOLOGY
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Single Diffraction

Ay

K = gIP—IP—IP (t) ~ 017
ﬂlP—p—p(O)

2 independent variables: 1, Ay

d2 +a' & Ay’
oo ROl Ll

gap probability sub-energy x-section

Gap probability MUST be normalized to unity!
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Single diffraction (re)normalized

2
I0 _n, ,-C-F(0): G ALRCA S
dt dAy ~
Poap (A, 1)
N;altp(s) JAyt Pyap (AY, 1) dAy dt = >C’.lSnS

2
d’c _ [eg(Ay_lns)_ln S]e(bo+2a'Ay)t

dt dAy /

Grows slower than st
> Pumplin bound obeyed at all impact parameters

low-x 27-29 June 2010 Kavala Diffraction at CDF and Universality of DFB K. Goulianos 2()




Unitarity and Renormalization

Pomeron flux =» gap probability
Set to unity — determines gppp and s, K&, PLB 358 (1995) 379

£
'S

:2 d’cg, B |
didé = fIP/p (t,3) GIP—ﬁ(Sé)

| 1 558/2 ' Uppp (t)

Pomeron-proton x-section

d Two free parameters: sy and gppp
1 Obtain product | gppp*syé’? |from c4p

d Renormalized Pomeron flux determines s,
d Get unique solution for gppp
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Dijets in yp at HERA from RENORM

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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Multi-gap Diffraction

(KG, hep-ph/0205141)
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Multi-gap Cross Sections

color
factor

i:1—5 \ / — J
Gap probability Sub-energy cross section

J it ™ s“¢ /1ns (for regions with particles)

Same suppression
as for single gap!
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gap fraction An > 3.0

“Gap survival probability”

1 |~ Regge prediction

o CDF: one-gap/no-gap
e CDF: two-gap/one-gap

[— Renorm-gap prediction

e

v

1—-gap/0—gap
2—gap/1-gap

1—-gap/0—gap

2—gap/1-gap

N
10 _
sub-energy Vs’ (GeV)

(1800 GeV) ~ 0.23

(630 GeV) ~ 0.29
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Hard Diffraction Phenomenology
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Diffractive dijets @ Tevatron

jet
P
p

reorganize

jet

FD(§,X,Q2)OC§1+125 F(x/£,0%)
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FP,,(€,8,Q%) @ Tevatron

o0s 5ot 1 C@) _ 1 CQ)
F (é:,ﬂ:Q )_Nrenorm 514.23 (X/é:)l(Qz)_ §l+28 ﬂﬂ’(Qz)

minz 1

N :J'l dg S BTN

renorm 1+2€ 7
min é

2¢ 1 .X—(Zé‘)
S%% _1_ 1(0?)
§ I

£,=02— x4

SD
RENORM = R (x)=
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SD/ND dijet ratio vs. xg;@ CDF

o
'
10
SD
(=1 )
FJTD (X) 10
10

CDF Run |

<¢>= 0.04 0.05 0.06 0.07 0.08 0.09

AE = 0.01 EXU2 5 7 Gev

|t] < 1.0 GeV?
stat. errors only
=05

X (antiproton)

0.035<« & < 0.095

Flat & dependence
for p<0.5

R(X) _ X—0.45
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Diffractive DIS @ HERA

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

Pomeron exchange  Color reorganization
jef g)

e K r'eor'gamze

F2D(3)(§9 XaQZ) oC ) Fz(Xan)

§1+(9

Results favor color reorganization
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Dijets in yp at HERA - 2008

H1 Diffractive Dijet Production DIS 2008 talk bY W Slomihski
1.5 - 1 . . . . ’
[ H1 2006 Fit B DPDF |
I giiegh;gf(lzg%% fégril:549-568 1 H 1 'EDDE'E, EHU

—
I

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

0.5_ | NLO -1 -_ .................................. ; ......................................................... "
i H‘l ﬂEI ;_;-I-II.I .............. o | .I
S 7 98 m 8 10 12 14
E_*%(GeV)

d 20-50 % apparent rise when E{¢t 5>10 GeV
=> due to suppression at low Eet II!
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Vector meson production

\_/
t

o
1
102
-
g WO,ZZ
O o
L T, 5
o " - " Tolye = op) 1
o ¢ a(yp = wp) U BT
o5 1k OMWMZ o ‘!‘
e el & ¢p) 1 °

o(yp = J/v¥p)

Y'p

® ZEUS 120 pb’
A ZEUS 1994
© ZEUS 1995

-0’

iy

i ot
107 W ZEUS 5 i ; C
® ZEUS (prel.) ; Jf
oM ] _
- % HERMES o(yp — ¥(2S)p) o [
10°L O fixed target w' | N
: a(yp = T(1S)p) : R
10_47 ! ! L] | . L ‘ | 0 5 1

1 10 107 ‘W(‘G‘e\/)

IEEEEEENEE RN FEN AN il
0 15 20 25 30 35 40 45

Q? (GeV?)

O left - why different  vs. W slopes? =» more room for particles
O right - why smaller b-slope in y*p? =» same reason
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Dijets in yp at HERA — 2007

Dijets in yp Direct vs. resolved
Frixione NLO code

H1 Diffractive Dijet Photoproduction + hadronizarion correction
& H1Data H1 2006 Fit B DPDF
FR NLOx(1+5, )

correlated
UﬂCErtﬂll'ﬂ‘f — FR NLO

~— 1000
=] D H
a H1 a) @100} {1 direct \f}
gg 900 | §. resolved X
3 . S5 750 |
5 600 B
© g~
400 ] S00%
P ————
200 250 g
—— I —
¢ 0.2 0.4 0.6 0.8 .1 0 0.2 0.4 0.6 0.8 _1 :
zllf;S x#em

[ the reorganization diagram predicts:

> suppression at low ZJ/®'S, since larger An is available for particles
=» same suppression for direct and resolved processes
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Pomeron a'/e and o, in a QCD inspired

parton model approach
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ost and ratio of a'/g

PHYSICAL REVIEW D 80, [111901(R) (2009)

Pomeron intercept and slope: A QCD connection

Konstanun Goulianos

dagls, M2, t) [ s pp] §2€ 1 b
= i e
dM>dt 1677 Nis) (M*)1Te

2E
I_“"’[ EEJF{E!J.:.J;"E‘HEF] Ins bt

{ME}|+E
— . LEAT
ﬂl;:;n’ﬁp Tot e !

r==—= —[16m% In(2x)]™"
&

o _ 4, Pp eb, pp
U!-ilj — Eﬂ'a EIP[E&"’] = {Ta

— A2
TS Foheno = 3.2+ 0.4 (GeV/c)
P Fexp = 0.25 (GeV/ )72 /0.08 =
Nem1 N 3.13 (GeV/e) ™2

b = R3/2=1/(2m3).
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100

£ <005

Diffractive and Total i P
Armitage st al ,."/k‘ Standard flux

Liag

CDF

E710 .
Cool et al.//’

*x -8+ OO0

17 Renormalized  flux

=
=
T

Use the Froissart formula as a saturated cross section

Total Single Diffraction Cross Section (mb)

Vs.=22 GeV

01(s > sp) = o4(SF) + 75 - In? =

1 L s PR | L L vl L PR T R
'SF 10 100 1000 10000
Vs (GeV)

This formula should be valid above the knee in a.4 vs. /5 at /sp = 22 GeV (Fig. 1) and
therefore valid at /s = 1800 GeV.

Use m? = s, in the Froissart formula multiplied by 1 J0.38Y to convert it to mb— 1.

Note that contributions from Reggeon exchanges at /s = 1800 GeV are negligible, as can
be verified from the global fit of Ref. [7].

Obtain the total cross section at the LHC: SUPERBALL MODEL

gLHC _ ;cpF . T (.2 sSHHC In2 A LHC
i =0 Ciipmncey = (80£3)+(29£12) =100+ 12 mb

8o S Sp
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Monte Carlo Strategy for the LHC

MONTE CARLO STRATEGY

d o' > from SUPERBALL model |,
4 optical theorem = Im f_(t=0) I optical theorem
4 dispersion relations - Re f,(t=0) | Im f.(t=0)

Q differential S0 > from RENORM| | dispersion relations
 use nested pp final states for Re f,(t=0)

pp collisions at the IP - p sub-energy s’

See K. Goulianos, Phys. Lett. B 193 (1987) 151 pp
“A new statistical description of hardonic and e+e— multiplicity distributions “

CONCUSION
stay tuned ...
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