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Diffractive pp/pp Processes

Elastic scattering O1=Im f, (t=0)  Total cross section
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Basic and combined (“nested”)

diffractive processes

acronym basic diffractive processes
SD;  pp—p+eap+[p— X,
SD,, pp — [p — Xp| + gap + p.
DD pp — [p — X5+ gap + [p — Xp],
DPE  pp — p+ gap + Xc + gap + p.

2-gap combinations of SD and DD
SDD; pp— p+gap+ Xc+gap+ [p— X,
SDD,, pp— [p — Xplgap + X. + gap + p.

multi-gap “nested” process

Am Anj Amnp Ana Ana Ang Ana
i m e 3 73
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The problem: the Regge theory

description violates unitarity at high s

2e € 2€
dog; S S S
~ S . T+ ™~ E— . T ! —
( dt ) t=0 (30) ! (50) F ('5'0)

ddo/dt o4 grows faster than o, as s increases
=>» unitarity violation at high s
(similarly for partial x-sections in impact parameter space)

Qthe unitarity limit is already reached at Vs~ 2 TeV
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Standard Regge Theory

KG-1995: PLB 358, 379 (1995)

a(0)—1 €
TOTAL CROSS SECTION ELASTIC SCATTERING A 5 s
ar = $1(0)B2(0) (") = o’ (—) (1
By S0 So
P—
H t 20a(t)—1]
58 doa _ BN (s\7° f
Hty dt 167 50
SINGLE DIFFRACTION DISSOCIATION _ g%. _S; 24t F4 ( f) ~ 0'%‘ eb.ﬂ:{;)r (2)
167 \ so 167 =~

(3)
dzo'sd
Parameters: dtdg
| Sy, So' and g(t) ,82(:) | —2a(r) (i)a(ﬂ)—l
O sets, =s,(universal IP) 167 § B2(0) g(0): s
Q g(t) > g(0) = gppp PKG-1995 || _ fo (&) PP 1 »

O determine s, and gppp — how?
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Global fit to p*p, n*, K*p X-sections

CMG-1996 A new determination of the soft pomeron intercept

PLB 389, 176 (1996) RJM. Covolan !, J. Montanha?, K. Goulianos?
Regge theory eikonalized
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Renormalization
=» the key to diffraction in QCD
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Diffractive gaps
gaps not exponentially suppressed

do 1 do 1
—— | =constant = ~ = — ~—
t=0

dAn e M2 & &
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C'sp (PP & pp) - data

= suppressed relative to Regge for Vs>22 GeV

< 0.05

LA
COF
E710

X @+ OBRuw

10 <

Total Single Diffraction Cross Section (mb

Albrow et al.
Armitage et al.

Cool et al.,,f'

540 GeV

v

l— Renormalized flux

1800 GeV

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

€ RENORMALIZATION MODEL
KG, PLB 358, 379 (1995)

s el CDF Run | results

100
Vs (GeV)

1000

10000
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M2 distribution: data

= do/dM2|,. ;o5 ~ independent of s over 6 orders of magnitude!

KG&JM, PRD 59 (1999) 114017
10 ET T AR IR AR IR T

std. and renorm. @ 14 GeV (0.01 <&<0.03)
flux fits [120 GeV (0.01 <€<0.03) |
A 546 GeV (0.005<E<0.03)
O 1800 GeV (0.003 <&<0.03)

|
> 10 7 A=¢ 7

Py

(q))
(@)
(@)

q))
O
Q)
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Q

—o0s (mMb GeV™)

do §%% —1

— OC ~ o Al ,
sz M2 I+¢ = 10 2? 700  546GeV std. -
( ) 5 A=015 flux prgdictison' ]
} -3 +«— 1800 GeV _std.;
I d d 1. f S 6 ‘jo 10 8 \\flux prediction
ndependent o over - NS .
orders of magnitude in M? Tt renom fix __9
| M2 scaling
10 Y RSO N Y A RS A T) R SR T] SR 5(1\ L 5
10 10

=> factorization breaks down to ensure M? scaling
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Single diffraction renormalized — (1)

CORFU-2001: hep-ph/0203141
EDS 2009: http://arxiv.org/PS_cache/arxiv/pdf/1002/1002.3527v1.pdf

tH i Ay

2 independent variables: 1, Ay

2
d°o ICsz(t){ g+at)Ay e O' esAy’}
dt dAy / . )

gap probability sub-energy x-section

i}

Gap probability =» (re)normalize to unity

K = gIP IP— IP(t)
ﬂIP p- p(O)

0.17
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Single diffraction renormalized — (2)

K = gIP—IP—IP (t) ~ 017
ﬂlP—p—p(O)

Experimentally: = JEPP () 1740.02, £=0.104

IP-p

KG&JM, PRD 59 (114017) 1999

2 _
QCD: k=1, x 21 +f, % L Q=1 >z0.75><l+0.25><l
N~ —1 N 8 3

C C
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Single diffraction renormalized - (3)

d?oeq(s, M*.t) [ o JPP] 52€ bt
dM 2 dt 167 N (s, s0) (ﬂ,j?)lJrE
b=by+2a"In Mg sSME — (3.7 +1.5) GeV?
Emax — 0o SQE
N (s, = ST
5o = [ e [ at fgp(en) T st
d?oeq(s, M?,t) ¢—nc elt
AN 2dt S A YENE
(A7) set to unity
5> Ins =» determine s,
O >~ —> const
b—Ins
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Single diffraction renormalized — (4)

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
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Scale s, and triple-pom coupling

Pomeron flux: interpret as gap probability
=»set to unity: determines gppp and s, KG, PLB 358 (1995) 379

£
'S

:2 d’cg, B |
dide _fIP/p(t9 c) GIP—ﬁ(Sé)

| 1 558/2 ' Uppp (t)

Pomeron-proton x-section

d Two free parameters: s, and gppp
1 Obtain product gppp*syé’/? from cgp

d Renormalized Pomeron flux determines s,
d Get unique solution for gppp

Jppp=0.69 mb-12=1.1 GeV - S,=3.7+1.5 GeV?2

DIFF. 2010, 09/10-15 Otranto, ITALY Diffractive and total x-sections at LHC and beyond K. Goulianos 16




Multigap diffraction

KG, hep-ph/0203141
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Multigap 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 survival probability

L T Lt i t o
[— Renorm-gap prediction eI i
_ gap p _ S

S_¢ n/ n

m— /s;-_ggfgg—_gg(lsoo GeV) ~0.23

< S, =Pl (630 GeV) ~ 0.29

ccf)i o CDF: one-gap/no-gap
A * CDF: two-gap/one-gap
] 1 | Regge predicton .- |
S |~ Renorm-gap prediction ...
3]
o
a
©
(@)}
1-gap
-1
10 r i
M| 3
10° 10

sub-energy Vs’ (GeV)
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100

g < 0.05

Albrow et al. .
-

Armitage et al. R

Uad -

Diffractive and Total

Standard  flux

17 Renormalized  flux

CDF

E710 .

Cool etal. -
.

*x -8+ OO0

=
=
T

UUse the Froissart formula as a saturated cross section

Total Single Diffraction Cross Section (mb)

Vs.=22 GeV

0i(s > sp) = 04(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 g.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 J0.389 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].
SUPERBALL MODEL

Obtamn the total cross section at the LHC:

L sLEC _CDF 98+t8mbat7 TeV
('“ —n ) 109 +12 mb at 14 TeV

w
gLHC — CDF | T
Sa

S Sp
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o' at LHC from CMG global fit

= i
H.%_' 100 — . —
= ]
50— @ —]
PP )
B Fl Fl :IJI-] F I | J-.:jjl 3 1 il J_||1:III L i I S 1 Fl "y .'IJIJ:
10 10l 10% 103 10% 105
Ve (GeV)
‘ "
%" o @ LHC \Vs=14 TeV: 122 + 5 mb Born, 114 + 5 mb eikonal

150 o — AKENO

i + - FLY'S EYE

=>» error estimated from the error in € given in CMG-96
Compare with SUPERBALL G(14 TeV) =109 £ 6 mb

caveat: s,=1 GeV? was used in global fit!
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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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Monte Carlo Strategy for the LHC

MONTE CARLO STRATEGY

d "> from SUPERBALL model
4 optical theorem = Im f_(t=0)

4 dispersion relations - Re f(t=0)
A differential 5P - from RENORM
 use nested pp final states for

Or
optical theorem
Im f,(t=0)
I dispersion relations
Re f,(t=0)

pp collisions at the IP - p sub-energy Vs

in CDF based on multiplicities from:
K. Goulianos, Phys. Lett. B 193 (1987) 151 pp

Strategy similar to that employed in the MBR (Minimum Bias Rockefeller) MC used

“A new statistical description of hardonic and e*e™ multiplicity distributions “
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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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SUMMARY

Q Froissart bound |6 <(z/m? -In’s

Q Valid above the “knee” at \s = 22 GeV in G;SP vs. Vs
and therefore valid at Vs = 1.8 TeV of the CDF measurement

O Use superball scale s, (saturated exchange) in the Froissart
formula, where s = 3.7£1.5 GeV?2as determined from setting the
integral of the Pomeron flux to unity at the “kneee” of s\s = 22 GeV

=2 m?2=s,=(3.7£1.5 GeV?
O At s 1.8 TeV Reggeon contributions are negligible (see global fit)

S LHC DF
2

C
2 S

Sk Sk

LHC _ _cpF T
Q' 6i400 = Olgee +—| In
So

j: (80.03+2.24)+(29+12)=109+12 mb
0 compatible with CGM-96 global fit result of 114 £ 5 mb

d 6=(98 £8) mb at 7 TeV — wait and see!
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Diffractive dijets @ Tevatron

P
p

reorganize

FP(&,%,Q") o

514—25

F(x/£,Q%)
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FP,,(€,8,Q%) @ Tevatron

] o 1 C@) 1 _€@)
F (gaﬁaQ )_Nrenorm §1+26‘ (X/f)/l(Qz)_ 651*2‘9 ,B;L(Qz)

/ 1

N_l . J‘l dE-’ E.smm Em BS <

renorm 1+2€ 4
min g

RENORM = R ()— = 1 o (28)
gl—uoz) t

£,=02— x4
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SD/ND dijet ratio vs. xg;@ CDF

o
'
10
F>" (x)
R(x)=——-
10

CDF Run |

<t>= 0.04 0.05 0.06 0.07 0.08 0.09
AE = 0.01

E*"? > 7 GeV
|t] < 1.0 GeV?
stat. errors only

X (antiproton)

0.035<« & < 0.095

Flat & dependence
for p<0.5

R(X) _ X—O.45
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Diffractive DIS @ HERA

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

Pomeron exchange  Color reorganization
jet Fv

e 4\ r'eor'ganlze

FZD(3)(§9 Xan) oc ) F2(X9Q2)

§1+8
Results favor color reorganization
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Vector meson production

)
3
102
-
o
g
) 10 é
" i 22]
3 v o(yp = wp) f
o 3 © MWOQZ ® ZEUS 120 pb
g TR > o) e g
f oo £
10_17 = 3__ ]
a(yp = J/¥p) WEE :
¢
, : | of '¥, :
10°L  m ZEUS 'y - [ : ¥ { ]
- ® ZEUS (prel.) ] al ]
L o H1 1 ! -
* HERMES o(yp — ¥(2S)p) . - ]
107, © fixed target W~ . oL h
E O.(yp 9 ’T‘(/IS)p) E 0:IIllllll!IllJl!I|IllJI!IIIIlJl!lIIIlJI!IIIIlJI:
- S T ] 0 5 10 15 20 25 30 35 40 45
1 10 10° W(GeV) 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 - 2008

H1 piffracltive Dlijet Prloductlion DIS 2008 talk by W. Slomir'\ski,
| H1 2006 Fit B DPDF ]
H1-2006-B, GRV

-
122

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

ZEUS

data 12f— l ............................ . .......
ﬁ 1:_ .................................. ; ......................................................... B

—
' I

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

7 H 1 [Lﬂ ;_;-I-II.I .............. o | .I
% 71 s i 10 12 14
ETjetl(GeV)

d 20-50 % apparent rise when E{¢t 5>10 GeV
=> due to suppression at low E et !
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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

Hi direct )
| resolved \

g
3

do/dz)s'® (pb)
g 8
do/dx!* (pb

H1 a)

++
200 | 50 o
—— S
0 0
0.2 0.4 0.6 0.8 1 0.2 0.4 0.6 0.8 1
jets jets
fo; xT

[ 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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