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What is Dark Energy?

Composition 3 | Heavy
G elements:
ch the 7 e 1 0.03%
OSMOS 7.0 i G
i, S et E ) neutrinos:
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Stars:
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and helium:
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Dark
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Dark
energy:
65%
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Rapidity Gaps
Bj, PRD 47 (1993) 101: regions of (pdeudo)rapidity devoid of particles

Non-diffractive interactions Diffractive interactions
Rapidity gaps are formed by Rapidity gaps at =0 grow with Ay.
multiplicity fluctuations. _

ultiplicity fluctuation E=Ap/p

Ay=-In=Ins—InM"
From Poisson statistics: P

l P — B> < 5 p
dn /\X/\ RAPIDITY
— A DIFFRACTIVE !
P(Ay) p— e PLY (p = — CLUSTER : GAP

dy '

4= proton

0 f—-In&—i

n In(2p/p T)

max

~ ~

(p=particle density in rapidity space) [ o j 2ehy _ do 1

Gaps are exponentially suppressed dAy o dv* (v2 )"

2€: negative particle density!
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CDF Run I results

http://physics.rockefeller.edu/dino/my.html

I
Diffraction@CDF 1n Run [ |16 papers
1 Elastic scattering  PRD 50 (1994) 5518
[d Total cross section PRD 50 (1994) 5550
[ Diffraction _ _ - -
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e Ir P
P ] P - p P
SOFT diffraction ?[Control] ¢ 0 b ¢
sample |, n n n n
Non-Diffractive  Single-Diffractive Double Diffractive Double Pomeron  Single + Double
{ND} (so) {DD) Exchange (DPE) Diffractive (SDD)
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Derive diffractive
from inclusive PDFs
and color factors

e __ - antiproton

proton
= =
E SOFT Q%=1 GeVv? Emz; HARD Q2 = 75 GeV?
— gluon — gluon
0l &m0, - g | e e
/ 1 1o F
—— x f(x)= :
; . £ (orA)
1
00 1(; 3 1(; 2 107 & 00 10 1(; 2 1c; * &
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Inclusive Single Diffraction

dzcsD
—D —f_ (t,E)ec, (My)
dtd% IP/p IP-p X
** Unitarity problem: EC
Using factorization O Amitsge ot a1
and std pomeron flux o or
A ET10
X

G exceeds o at /s =2 TeV.

» Renormalization:
normalize the Pomeron

s
(=]

Total Single Diffraction Cross Section (mb)
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Standard flux

Renormalized flux
|7 1

flux to unity
KG, PLB 358 (1995) 379
0.1 O
[ ]t g dedi=1 | | |
Emin t=—2° 10 100 _ 1000 10000
Vs (GeV)
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A Scaling Law in Diffraction

KG&JM, PRD 59 (1999) 114017

10 ¢

std. and renorm. @ 14 GeV  (0.01 <£<0.03) -
fluxfits (020 GeV (0.01 <£<0.03) |
A 546 GeV (0.005<§<0.03)
O 1800 GeV (0.003 <& <0.03) |

1 E

Factorization breaks
down in favor of
M?-scaling

A=¢g

-2 A=0.05

« — 546GeV std. |
flux prediction ]

A=015 ——N,

renormaliza’rion[;\

N ™ 1800 GeV std. |
~flux prediction 3

d?c/dtdM? i _ 05 (mb GeV™)

—4f renorm. flux

dO' S =1
sz o (M2)1+g 10 prediction

1 10 10 10 10 100 10°
M2 (CeV?)
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Elastic and Total Cross Sections

QCD expectations

o,(s)=0, s° =0, e

The exponential rise of G(Ay') is due
to the increase of wee partons with Ay’
(see E. Levin, An Introduction to Pomerons Preprint DESY 98-120)

:( o Ay =Ins—

: y
Im f;l (S,t) oc e(8+0( t)Ay

Total cross section:
power law rise with energy

<—~1/OCS—>

----------------------------
-----------------------------
----------------------------

Elastic cross section:
forward scattering amplitude
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Soft Diffraction
(KG, hep-ph/0205141)

color
factor

_ Sip-ip-1p (2) ~0.17

2 independent variables: 7, Ay

IBIP—p—p(O) .
2
O _cort el ekeo, e
dt dAy \_ /) y

gap probability subrenergy X-section

}
eZé‘Ay _>I ‘=ins 528 Aya’Ay ~ 52€

Ay min

n~~/

Renormalization removes the s-dependence — SCALING
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The Factors Kand €

_ g p-ip—1p

Experimentally: K=="———-=0.17£0.02, £=0.104
IB]P—p

KG&JM, PRD 59 (114017) 1999

2
1 1 Q%=1 1 1
C . k=f X +f % >z0.75><—+0.25><—
olor factor Sty . .
Pomeron intercept: €=4, - w, +4,-w,

- £ HeRA CTEQ5L
: 1 E’ : Q*=1GeV?
0.4 | o H1 ] f — < — gluon
I ] X * (X) - 10 — valence quarks
| e ZEUS * 1 7\4 7 %g§0 — seaquarks
0.3 - hadron—hadron % ] X i 20
~< I ] I
: : f4=gluon fraction ’
" o ﬁ f,=quark fraction L
, ..Sﬂ : :
0.1 |u H«oﬁ 1 ) ﬁ
: j f(x)dx~s *
O Lol oot i i le/s 10_1 7 ‘3 S e E—
10—3 10—2 0—1 102 10 10 10 10 X1

QJ(Ge\/Z; 0
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Multigap Diffraction
(KG, hep-ph/0205141)

Ay,
[ , [
Vi V2
5 independent variables t ¢
factors

d _ CXF (f )H{ e+a't; ) Ay, }2 XK,Z{GO o (Ay1+Ay2

II 1=1-2

i=1— _/ — _
Gap probability Sub-energy cross section
628 Ay (for regions with particles)
av=ins 2EAY  2gl|| Same suppression
J AV > =5 as for single gap!
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Central and Two-Gap CDF Results

e

Differential shapes agree with Regge predictions 2
CDF Preliminary M (Gev©)
10 Vs=1800 GeV 1 10 10° 103 10°  10°  10°
£ s=1800 GeV 2 e DATA w Py ‘
&, s + DATA g W —SDD + SD MC I I ecinie
107 — DD + non-DD MC 3 Ee o DPE MC
L 104 i SD MC
10° %”10" E+SD-MC ’:‘j; |
J 10% 2,04 et B
103 80T
& SR
2l 51073
102} 10 £ 5
=z
DD .. DP |
10 e |l Ml
0 1 2 3 4 5 6 7 0O 1 2 3 4.5 6 7 10° 0% 10% 10?7 107 1
AN = Nay Ninin Anexp:nmax'nmin gp
Ld
» One-gap cross sections are suppressed
N\~ » Two-gap/one-gap ratios are~x =0.17
3 * CDF (v; © CDF: one-gap/no-gap S
A 10 2} o UAS (adjusted) ‘/_; ¢ CDF: two-gap/one-gap S 05 e CDF Data: DPE/SD ratio (Preliminary)
g — Regge S 1 [ Regge prediction A NN Regge + Factorization
5 Renormalized gap S - Renorm-gap pred|ct|0n e ] £ Gap Probability Renorm
= = g 04 :
E E 2 eron Flux Renom.
810 k § e 5037
S @ o.
....... \ E
""""""" g 0.2
w
-1
1k < 10
01f
10 10 10° 10? 10° ° 0 -
s (GeV) sub-energy V&' (GeV) s (GeV)
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Gap Survival Probability

I
g o CDF: one-gap/no-gap ) :
A * CDF: two-gap/one-gap “ / q
5 1 | Regge predicion .- . S —
§ = [~ Renorm-gap prediction .. i ] WL 1L
3]
S
o
@
(@)

10

1-gar

] SEReR (1800 GeV) = 0.23

— S (630 GeV) = 0.29

2—gap/l—gap

Results similar to predictions by:

3
10

sub-energy Vs’ (GeV)

Gotsman-Levin-Maor
Kaidalov-Khoze-Martin-Ryskin
Soft color interactions
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Diffractive DIS @ HERA

Factorization holds: J. Collins

Pomeron exchange  Color reorganization

jet a

FD(3)(‘:{»: X, 0 )OC Fz(xan)

|
§1+€
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Inclusive vs Diffractive DIS

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

op(0)-1

;,,.(eq+7»)/2

| | Inclusive
, F. ~ A : [ o HI
0.4 | O HI 2 X - 04 | ® ZEUS ]
- 1 - hadron—hadron
e ZEUS ] I
- * 1 - Diffractive
n’<O.3 i hadron—hadron ] r<0,3 [« ZEUS—LPS prel. 7
l - % ZEUS—FPC prel.
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0.2 1 aﬂ?ﬁ 0.2 | :
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<

At fixed Q2:

flat x-dependence

>
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Diffractive Dijets @ Tevatron

P
p

reorganize

FP(£,x,0%) o élﬂzg F(x/€,0°)
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F;;(€,p,Q%) @ Tevatron

1 C(0") 1 1 C

FP(£,B.0%) o . e , ,
(&,8,07) FIIE (x/§)/1(Q) (Bs)E &€ ,B/I

1

N_l _ J-l d(z gminzxgm ”E . (B S)28

renorm 142¢&
min E‘)

N\

RENORM = Rfvll)) (x)~

Tev4LHC (@ BNL 3-5 Feb 2005 Diffraction from CDF2LHC K. Goulianos




SD/ND Dijet Ratio vs xp;@ CDF

~ 1 ¢
>< m} A o n A v
@ <&>= 0.04 0.05 0.06 0.07 0.08 0.09
a2 = oot g2 7oy | 0.035<G<0.095
ol . |t]<1.0GeV?
F X207 tat. |
, T saterorsonyl - Flat £ dependence
[ X2
SD I
Fy (%) 2 ~0.45
== 07 R(x)=x"
F. (X) F X
L r X2
| x1 —
-3
10 ¢

X (antiproton)
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Tevatron vs HERA:
Factorization Breakdown

Predicted in K&, PLB 358 (1995) 379

~ [ - H1fit2 ~+ CDF data

e H1it3 EF'2>7 GeV p
100k (Q°=75 GeV?) 0.035 <& < 0.095 1P
|t]<1.0GeV?

10 L

gap

0.1}
0.1 1
B
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New: FP;;(B) from ZEUS-LPS Data

M. Arneodo, HERA/LHC workshop, CERN, 11-13 Oct 2004

=
A= _ ® CDF -
== 107 H1200260QCDFit(prely e Em
- ——  QCD fitto ZEUS 97 data ZEUS
Fit including
. — charm data
— Fit without
_— charm data
Flat after subtracting
Reggeon contribution
10 .
I10 '1
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Restoring Factorization @ Tevatron

jet  jet

& é n
Jt jt 9 :% — R(DPE/SD)
/ L DSF from two/one gap:

— R(SD/ND)

i factorization restored!
= - -
~ e s
Q= —4 frogin DPE/SD, 0.0Y<&<0.03 O\-:; e H1fit2 —~+ CDF data Dzz
10l + tlom spiND , 0.985 <& <0.095 L o M fit3 E;'?WEE? GoV -#- CDF data, based on DPE/SD
100} 100}
(Q*=75 GeV?) 0.035 < £ < 0.095
[t]<1.0GeV?
10 10 10 —=
+
1 *
1 1
— H12002 GID QCD Fit (prel.)
0.1k _
0.1 — H120025,0QCD Fit (prel ) ‘*1\? o4 L
0.1 1 0.1
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CDF2LHC
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TOPIC STATUS
> (Q?, 1) dependence of DSF close to ready
> Exclusive (. production close to ready
> Low mass states in DPE need good frigger

» Exclusive b-bbar production in DPE heed b-trigger
> & -dependence of DSF need low lum run

» Jet-gap-Jet W/jets in miniplugs need low lum run

@ CO0H0C000000000 @ | Ay =Ay™ = BFKL

Ay®® # Ay’ => composite

Ay
ijet
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Diffraction @ LHC

d Multigap diffraction

1 Exclusive production
of high mass states
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@CDF » Derive diffractive from ND pdf's and color factors
@ LHC = Multigap and High Mass Exclusive Diffraction
COF2LHC —— gpecial low-lum run needed for low-§ and JGJ

i
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