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History of the Universe

k
i

Present
715 Billion

Grand Unification Epoch

End of Quantum Gravity Epoch

-
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Blow-hole at Grand Cayman
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2 Black Hole Eats Star! :

w v .
-

'l. | ]

= |

- AP Photo
- a In this illustration, an arrow points to the doomed star. Part of its mass, shown by the white stream, was swallowed by the black hole.
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What is Dark Energy?

Composition
of the

Cosmos

Heavy
elements:
0.03%

Ghostly
neutrinos:
0.2%

Stars:
0.5%

Free hydrogen
and helium:
4%

Dark

matter:
30%

Dark
energy:
65%
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Elemem‘ary Particles

Aristotle Demokr'l’ros Mendeleyev Thomson Rutherford Gell-Mann

earth atom periodic | |electron| |nucleus| | quarks
water table
air
fire
Rutherford Experiment
Source > | a-particles :

Large angle scattering - atoms have nuclei
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SU3: Law and Order in the Particle Zoo

- /uud /ddu

A° A A"

/UUS
Z-I—
(1193)

Isotopic spin:
Strangeness: S I,=-Q-(B+S)/2
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The Standard Model

Glashow, Salam, and Weinberg

Elementary Particles

o @ H c t g
"EI' up chatrtm top sluon
= 5
o d S b ¥ C
o strange bottom photon 5
L]
2 Ve Vy o Vp | W (g
4 € neufring g néutring ¢ neutring | B boson O
E‘ &=
— e y7i T VA
electron TG tau £ boson
32— I II 111 «— (Jenerations
My,g=0 My, »~100 Mp Mfop~Mgo,d

Higgs field generates Mass |
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Unification of forces

STRONG ~ 1 ELECTROMAGNETIC ~ 1072 WEAK ~ 10-14
(04
Ve W > e-
E W-
d > U

charged current

vV th -> p+e-

Weakforce

Oy

V Y
=
D e d » d
N— Bi Ang neutral current

Vetp -2 Vv, +P

Electroweak force




Leon Lederman & the SM

But what about
interactions?

A good theory should
fit on a T-shirt!

- (G1 E¢R +G, f¢cR + hermitian conjugate)

AND WHAT ABOUT
GRAVITY?
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String Theory, then?

http://www.aboutscotland.com/harmony/prop.html

Particles correspond to
the vibration modes of
a string in 10 dimensions

Gravity is included!

Pythagoras
applied it to music
in 400 BC:
1+2+3+4=10

I't surely makes an interesting T-shirt!
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p-p Interactions

Non-diffractive: Diffractive:

Color-exchange Colorless exchange with
vacuum quantum numbers
rapidity gap

Attt

Incident hadrons retain
their quantum numbers
remaining colorless

Incident hadrons
acquire color
and break apart
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Elastic Scattering

PROTON-PROTON ELASTIC SCATTERING 0? ' ' ]
o2 FROTON F‘ROTON ELASTIC SCATTERING !
& do |
' £ . MOMENTA (GeV/c)
P P ! ‘\ t » CLYDE (1966) 30,50,70,71
DIFFRACTION X0 (1967) 14.2
PATTERN A% o ALLABY etal. (1968) 1 71,101,121
0ol 3% (1968) I 19.2
R e, v ANKENBRANDT et al. (1968) 3.0
\.E %3 o ALLABY et al (1971) 100,120,14.2,24.0|
PROTON T 8 * ACHGT (1972) 1500 .
BEAM o \RA N 1
TARGET |\ N ]
PROTON 02k W\ %, g
Ry,
‘.9 .'
£ 0 & X T
- . E'_,!
3 ., N
L= T . -
© P AN
* “*“ \\ - 10 —
do  pt ——4 " (00)? ‘| e e
—_—~ e ~ e 05+ ‘ﬁ%*** \“--.
14
. 19
) LA i'% %
— N/
— : ~ 07 L I L I I | |
m C 0 2 4 6 8
i FOUR-MOMENTUM TRANSFER SQUARED, [tl (GeV?)

NESTOR Institute Seminar
PYLOS, GREECE, 20 Aug 07

Diffraction, Dark Energy, and Higgs Bosons

K. Goulianos



Diffraction Dissociation

KG, Phys. Rep. 101, 169 (1983)

Momentum AP, M?2

loss E= —
fraction P, S
m
COHERENCE T
CONDITION 98 < ~0.1
m,
Tevatron M= 0.6 TeV
LHC > 4.4 TeV

mb-(GeV/c) 2 - GeV 2

50

20

ol

05

TN __yo00 o002 0.05 0.1
_-'SI‘I'I‘II'IIII% LN S S NNLA B L
- p+p(d)—X + p(d) ]
- d%c s = 500 GeV? .3
C éi dtam,2 © 1t1=0.025 (GeV/c) ]
- % obfiuined —
b . rom -1
§§ % Experiment Ppag Itl-value _|
I__ o USA-USSR 275 [0.035

§ Akimov etal. _ 0.05
B e USA-USSR 260 0025 |
B S é Bartenev etal. ]
. A- CHLM(ISR) 281  0.15
Albrow etal. |
— ﬁ m RUTGERS- 267 0.16 —
— IMP. COLLEGE =
— 2 Abe etal. -
a2 1 e
o d 9 M2 b
- dtdM .
Hid '
idiie iy

TR NN U I T O I |
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" Diffraction
Kinematics

rapgap
An=-In§

n
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Rapidity Gaps and QCD

<

do do 1 do 1
—— | =~constant = 5 5 — ——
dAn),_, dM> M <
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PHENOMENOLOGY

7/

Plato (427-347 B.C) Aristotle Demokritos  Mendeleyev 2007
platonic earth atom periodic candidates
love water table superimposed
air
fire
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Diffraction at CDF

Elastic scattering O1=Im f, (t=0)  Total cross section
>
>
¢ ¢
OPTICAL
<« —>
GAP THEOREM
N n
SD DD DPE SDD=SD+DD
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CDF Run 1 (1992-1995)

=]
III,' B
! Recoil P Track — Bellows T B0
o MOCPMT Fﬂ:li‘.‘l‘
Tracker
/o MCPM la[l T
.\x\ x,-'j
.
"\"'\-..\_\_\%E __/

CDF

ol

DIPOLE MAGNETS —\

ROMAN POTS
at 57 m

x<0.97 [Scmtlllator fiber xy-trackej

~

270 1 pitch, 2 m lever arm

x=1 [Acceptance: 0<|t| <1, 0.03<f < 0.1]

CDF
Detector

Forward
(Not-To-Scale)

INTERACTION POINT

Forward Detectors
BBC 3.2<n<5.9
FCAL 2.4<n<4.2
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Run II | CDF forward detectors

Roman --'t" \
Pots A s coe ROMAN POT DETECTORS
coeptance g
D.02<E<0] | W_—y
D<jt|<2 GeV
Dipoles - < BEAM SHOWER COUNTERS:
- BSC Used to re JZCT ND events

|- 5.5=|n|<7.5

p p - -,..-'— MiniPlug

I ll: 3.5<|M|<5.1
— CLC
J.7<|n|<4.7

DIF |l +— central
— Plug

: ||_

| -~
BSC
e J - N\I\NIPLUG CALORIMETER

MiniPlug
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MiniPlug Constructio

L IF | \‘l”_ul\' il.|

AN BNy e
Wil Y Hiiimy ,'lm. X
[

';. q“h‘ r ‘i k. I‘. A 5 i o 1‘ l. i i ¥
i; pi i AT LR L
h f. i g T _ “ : KR ‘ﬁ[r'ﬁ‘.mi‘h;i:l"[‘ﬁ
| TR 1 0 AL ‘

7y it WU

Jal b

About 1500 wavelength shifting fibers of 1 mm dia. are 'strung’ through holes
drilled in 36x%" lead plates sandwiched between reflective Al sheets and guided
into bunches to be viewed individually by multi-channel photomultipliers.
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Diffraction and Unitarity
| P vs®
oS _ fIP/p (t,3) ‘Opp (s¢)

dtd ¢

* Unitarity problem: e o \ i
Using factorization g ot al
and std pomeron flux o

G5 exceeds o at /s ~ 2 TeV.

-
ra

Standard flux

CCF

E710

Cool et al.,/'
rd

X>®+ OMBun

Renormalized flux
f 1

<» Renormalization:
Normalize Pomeron flux o unity
to eliminate overlapping gaps

KG, PLB 358 (1995) 379

0.1 0

[ ] fupt®)dedi=1

%mint:_OO

s
(=]

Total Single Diffraction Cross Section (mb)

10 100 1000 10000
Vs (GeV)
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A Scaling Law in Diffraction

KG&JM, PRD 59 (1999) 114017

10 e
> P, stdandrenorm. @ 14 GeV (0.01 <£<0.03) -
. . & g fluxits [120 GeV (0.01 <€<0.03) |
1L\ .01 <E&<0. 4
renormalization ) 2 ' N A 548 GoV. (0005 <5=003) ]
£ : O 1800 GeV (0.003 <& <0.03) |
N/ 1
2 8 § 10 - 4
do S™>1 ;| =2\ |
oC ~ -2/ A=005 |
= 10 ¢ E
d M 2 (M 2 )1+5 5 SN N e S46GeV s
5 N 5 g lux prediction ]
N SN N 1800 GeV std.
~ 10 3 N\ O fluxprediction
=> Independent of S over 6 © N :
orders of magnitude in M?| oL renorm flux S\ Q
; prediction ]

Factorization breaks down so as to ensure M2-scaling!
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The QCD Connection

= Gt : power law rise with energy

(see E. Levin, An Introduction to Pomerons, Preprint DESY 98-120)

o reflects the size of the emitted cluster,
which is controlled by 1 /0., and thereby is related to €

:i: N Ay =Ins—»

Y .
Im f, (s,t) oc alera't)y < assume linear t-dependence

Forward elastic scattering amplitude
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Single Diffraction in QCD

t Ay

K = gIP—IP—IP (t) ey 017
ﬂIP—p—p(O)

2 independent variables: 1, Ay

2
d O :Csz(t){ g+at)Ay K U egAy’}
dt dAy / . )

gap probability sub-energy x-section

Gap probability MUST be normalized to unity!
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Multigap Diffraction

(KG, hep-ph/0205141)
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Multigap Cross Sections

i—1-5 \_ / “ _
Gap proBability Sub-energy cross section
& (for regions with particles)
Jayi ~5°% /1ns

Same suppression
as for single gap!
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Central and Multigap Diffraction

M an I I I 1ati
p ! L Q Double Diffraction Dissociation
Yy S
P <In M2> ‘M2 |
M2 Ins

» One central gap

a Double Pomeron Exchange

LA - > Two forward gaps

—a—P Ty T 0 SDD: Single+Double Diffraction
Py, | AN A

M, —ns » One forward gap+ one central gap

Rate for second diffractive gap is not suppressed!

NESTOR Institute Seminar
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Central and Two-Gap Results

sub-energy Vs’ (GeV)

Agreement with renormalized Regge predictions
2 2
CDF Preliminary 2M>< s . (va ) .
ﬁ ey 31 0 5 Vs=1 ?OSAGT?AV 1 10 10" 10”10 10" 10
3 . B S o - Data
510 5T ; BST+Anon-DD MC % —————— spme P Me S ot DPE MC
—————— non-DD MC 104 0 - SP MG
o é’m" DPE+SD-M
\ J 10 3 2103 f
10 by L%>
£ M e SN
102 10 2 é 107 5 7 W
DD .. DP
" . L K i i % +
0 1 2 3 2 éo 6 7 0o 1 2 3 40 5 6 7 10° Foo 10* 10% 107 10" 1
AN Mimin AT‘|exp=7‘|max'7‘|min E P
> One-gap cross sections are suppressed
\._ » Two-gap/one-gap ratios are= « = 0.17
2 « CDF 2 o CDF: one-gap/no-gap S
A 102L o UAS5 (adjusted) E A * CDF: two-gap/one-gap .05 e CDF Data: DPE/SD ratio (Preliminary)
fg 7 Eegge lized 2 1 Regge prediction /- N Regge + Factorization
E enormatized gap -_g """""""" § 0.4 Gap Probability Renorm.
.g g - i) eron Flux Renom.
3 2 o
210 | S G o3
o
..... S
------- g o2
1 -
1+ 10 o1l
L 2 s 0 :
10 1o” \/Jg:\,\ 1 1 Vs (GeV)
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s f:“@*ENERGV? hed

Non—difi‘rac’rive.intgr'ac’rions~ 2 =t Diffractive interactions
.
Rapiglity gaps are formed by= Rapidity gaps at t=0 grow with Ay:
multiplicity fluctuations® o
' ~ AN e o ., & DcAy
—pA afticles . -
P(Ay)=¢"% p=—2% ;. Py _o~ <
. I . dy = % e o

P(Ay) is exponentially suppressed :
: TR l 3

: -
e i - Gravitational ré‘fmlsion?

e

2€: negative particle density!
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HARD DIFFRACTION

» Diffractive fractions

= Diffractive structure function
= factorization breakdown
= Restoring factorization

A
JJI,W,b,J/y
n —
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Hard Diffraction Fractions

Pp — (¥ + X)+gap

_ ﬁ Fraction(%)
Fraction: "y 115 (055) All ratios ~ 1%
SD/ND ratio 77 1075 0.10) =~ uniform suppression
at 1800 GeV ' ' ~ FACTORIZATION !
b |0.62 (0.25)
T/v | 1.45 (0.25)
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Diffractive ""/Factorization

B=momentum fraction
of parton in Pomeron

P=xg;/&

—

> R(SD/ND)

—
—

— R(DPE/SD)

— DSF from two/one gap:
factorization restored!

(B)

= f [N
Q= 4 frgn DPE/SD, 0.0//<£<0.03 ao [ - Hifit2 —+ CDF data D:: :
100+ flom SDND, 0.9B5<2<0.095 W b Hefits3 ER125 7 GeV . % CDF data, based on DPE/SD
1ok (Q°=75GeV?) 0.035 <& < 0.095 1oE
f [t]<1.0GeV? i
10 —— I
—— 10 10 g
_e F At _*_
; - —+-
1L L
[ — H120020,0 QCD Fit (prel.)
01k i ; R I
. 04| ~ H12002°QCDFit (prel,) y 01l
0.1 1 oo i P .. 5 P ooy e ey
B 0.1 1 0.1 1
§ P

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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Diffractive Structure Function

n
Non-Diffractive  Single-Diffractive FND (X , )
(ND) (SD) B)

Systematic uncertainties due o energy scale and resolution
cancel out in the ratio
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Dijet Properties

DF Run Il Prellmlnary

10000

l!l.I.I.H 0

T

~SD
~ND

9000

Events

8000

7000 -

" 'ND norm. to SD

5000 _
4000 ..
3000

1000

RRRRRRLAN RARENRARRNRLALN RARRN LRRRDLERRANY.

14 16 18
MPB multiplicity

CDF Run Il Prellmmary | 1400 CDF Run Il Preliminary

- = SD . SD boosted +SD : ;

1000 C ............ 0 ppos|tet0pbar _____ 1200— .
—|= ND | o = ND 4

: T :
H H H f" 5 H
s00l ND norm. to SD -i’“’ ...... 1"/ ............... 1000 NDnormtoSD |

1200

Events

Events

800

600 ... ............... ............. ............. T ...............
: : -k P : 600
400 — ... SS— RocccoocliJood Booocccooongps cocamcco: !i ...............
: : : : s : 400
g [ | g

: z . z
200 : gl e — “‘; ............... 200

3T b0 15 2 25 3

n = (e + )2 Ag = """ - ¢*?| (radians)
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E-- distributions

10° CDF Run Il Preliminary | | 10t C CDF Run || Prellmmary

. |=~8D
A =D

- SD
= ND

Events

Events

2 10 E_! ......................................................................................
10 E_ .......... - .......... .............. .............. .............. .............. ............. ND norm to SD E. ND norm to SD
E =  JetEp>5GeV -
Sl 0 Jet ET>7 Gev
[ : § § § § : § § ? ................................................................................................................................
10 R B B S I E.
E 10 o A e

A N 10°

0 20 40 60 80 100 120 140 160 130 200
+« CDF Run II Prellmmary

10

« CDF Run II Prellmlnary

[ E : 3 ]
c [ |~ SD £ F . |~8D
o - |-= ND ) B ; ; ; ; ; ; ;
I.I:j 103 : = 2 : : : : : : | ND
g_ ; ; m 10 oo ............. ............. ............. .............. ..............
& ND norm. to SD E : : : ND norm. to SD
o[ Jet E;>20 GeV . Jot E;>50 GeV
10 = PP PR TP 10 S s
: N O R . 120 GeV
10 | Lie - .............. .............. .............. .............. .............. ............. 10 oo Ty N
[ SR IR e DTS ¢ 0 40 TRETNIIUNP SERRNS SR S 1 ;_ .....................................................................................
1 i L | Ll | L1 | Ll | L 10'1 i | 1 l Lol l Lol | Lol | Lod.l

10

0 ™20 a0 60 80 100 120 140 180 200 0 20 40 60 80 100 120 140 160 180 200

E, = (E!ﬁ“+E!:*=)12 (GeV) E; = (B +EF?)12 (GeV)
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Diffractive Structure Function:

Q? dependence
CDF Run II Prallmmary

(= 10 £ 5 2
= = . |®Q's 100 GeV?
S F E1Jet 100 GeV ! =k w0Gev
¥ b S ey
R [ S e — — .............. ........... = b -t 3,000 GeV? |
n = : : : : : : ; +Q1== ﬁ,ﬂﬂﬂGeVI
- o= |
2 - Q"= 10,000 GeV' [
:% 10" R = . ............. .............
= - il
2| ' ' | ; ; . i
10" — 003‘:&;%"‘1009 ................ - bosssssssozsorosssssozssso=ipoomcesoeccoocbecoomcl : I —
= 1 : : : . 2
Q7= <Ep? «u::ET:.a--[Ej't +E'T'“]I2 g z =
B werall ayat unnertalnty + 20% [nnrm],+ﬁ% [slupe] |
10-3'-3 I S— - '_'"'| f R L p
1 1 1
0 0* xBj 0
Small Q? dependence in region 100 < Q2 < 10,000 GeV?
= Pomeron evolves as the proton!
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Diffractive Structure Function:

t- dependence

CDF Run Il Preliminary
statistical uncertainties only | —— RPSinclusive
N 5 5 5 —=a— RPS+Jel5 (Q'~225GeV?)
—— RPS+Jei20 (Q*~900GeV?)
—=— RPS+Jet50 (Q°~4,500GeV°)

10° o e

do/dt [arbitrary units]

RPS

0. 05< ‘é— <0 08 :
10 _Qz ‘E ,2 <ET’_(E:"+¢!2H2 .............. ..........................

Ilil\ll‘ll LIIIIL
o 01 02 03 04 05 06 0.7 ua 09 1

It] (GeVic)®

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?

CDF Run Il Preliminary

—_ 2
4 RPS
= 1_3— 0. 05<§_ <0.08
S
1.6
s F
E14F
2 [~
31.2:—
Qo 1__ ________________ P
r $ )
=o0.8 RPS inclusive
e B
L norm. to unity and
0.6 2 2
e | = set at Q=1 GeV
B0.4—
0.2F-
o: |\|||\| L |||||\|| L ||\|H|| L |||\|||| 1 |||H||| 1 |||||||‘
10”° 10" 1 10 10 10° 10"
2
Q% (GeV?)

» Same slope over entire region of
0<Q?<4,500 GeV?
across soft and hard diffraction!
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Hard Diffraction in QCD

P

Derive diffractive
from inclusive PDFs
and color factors

antiproton

proton

NESTOR Institute Seminar Diffraction, Dark Energy, and Higgs Bosons K. Goulianos
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Exclusive dijets and Higgs bosons

Measure exclusive jj & yy = > > Calibrate predictions for
H production rates @ LHC

Bialas, Landshoff,
Phys.Lett. B 256,540 (1991)
Khoze, Martin, Ryskin,

Eur. Phys. J. C23, 311 (2002);
C25,391 (2002);C26,229 (2002)
C. Royon, hep-ph/0308283

B. Cox, A. Pilkington,
PRD 72, 094024 (2005)

KMR: o,,(LHC) ~ 3 fb

SIB~1if AM ~1 GeV

Search for exclusive dijets:
Measure dijet mass fraction

M.

J

i M, (all calorimeters)

Look for signal as R;; 1
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Exclusive Dijet Signal

Dijet fraction - all jets b-tagged dijet fraction
D CDF Run Il Preliminary CDF Run Il Preliminary
Z.00 CDF®H1 S 15 DPE data (SVT)
= < 5 . .
I =S vV |:| Systematic Uncertainty
o -
10°F Y T SR
J : d T
10-3 E T - ata {stat. on L - -+ ;g :
- ngafwgféaémﬁf W 0.5~ EFf(RAW)> 10 GeV |
- = = - Background | In.|<1.5
4 — POMWIG + Background _.‘.‘j\e.tu.\....l..Hlu.‘\....l..‘.\uHl....l.‘..
105752 04 06 0B 1 0 0102 03 04 05 06 07 0.8 09 1
| R.=M_ /M, R =M. /M,
]| )l . . i i
Excess over MC predicﬂons Exclusive b-JeTS are suppressed
S at large dijet mass fraction by J,= O selection rule
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R,;(excl): Data vs MC

CDF Run Il Preliminary CDF Run Il Preliminary
2 C F =15.0+1.2 % + DPE data (stat. only) 2 - F  =158+1.3 % »  DPE data (stat. only)
@ 600 ™ (gt only) | POMWIG: CDF&H1 ® 600 ™ (ctatonly) |- POMWIG: CDF&H1
u‘-‘j - [[] ExHuME u=j - [ Exclusive DPE (DPEMC)
500 Best Fit to Data 500— Best Fit to Data
- 3.6 <n,, | <5.9 - 3.6 < [n,,.| <5.9
a0t EF2 > 10 GeV 400 EF2 > 10 GeV
[ jet3 - jet3
300/ | + E<5GeV 3000 | +  E%<5GeV
2001 2000
100 100[
0: ] = . 0: ; L p——r | ] ey .
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
R =M /M, R =M /M,
i il
ExHUME (KMR): gg—gg process Exclusive DPE (DPEMC)
= uses LO pQCD => non-pQCD based on Regge theory
Shape of excess of events at high R;
Is well described by both models
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jlexci: EXclusive Dijet Signal

COMPARISON

of

Inclusive data vs MC @ b/c-jet data vs inclusive
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Data.
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MC, ., = POMWIG + Background
(CDFoH1-fit2) —+—
normalized to Data, , at R;<0.4 ®

F2 : stat. error only ‘

e —— o v b b b b b b b by
2 0.3 0. 0o 01 02 03 04 05 06 0.7 08 09 1
R; = M,/M, R, = M./M,
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NN

. X-section vs E-(min)

Comparison with hadron level predictions
ExHUME (red)

Exclusive DPE in DPEMC (blue)
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NN

ExHuME Hadron-Level Differential Exclusive Dijet Cross Section vs Dijet Mass
(dotted/red): Default ExXHUME prediction

(points): Derived from CDF Run II Preliminary excl. dijet cross sections

. Cross section predictions

excl

“L 102 B ExHuME (Hadron Level)
-g ‘:; S ".:*. ----- Default
o - ta ®  Derived from CDF Run I
_ 190 10 = e Preliminary o< (E7"")
?EF E:=: ) i . - [ ] systematic Uncertainty
si®  F —4=.,
10" —
E "2 < 2.5 Yral
10°L 3.6<ny,,<59
= 0.03<¢-<0.08
10-3_|||I|||I|||I|||I|||I|||I|||I
20 40 60 80 100 120 140 160

M, (GeV/c))

Statistical and systematic errors are propagated from measured cross section
uncertainties using ExXHUME M;; distribution shapes.
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Looking forward @ LHC

M2=¢ &S
Central Detector System g
Where &, , are the fractional momentum
V7 losses of the outgoing protons
. ; Leading proton
o Leadingproer T fEk o o v foau / | e ST
| i ff I i H ---.:|..._.|. detector

420 m 308 m 215 m

A 1

FP420 project: http://www.fp420.com/
Measure protons at 420 m from the IP during normal high luminosity
running to be used in conjunction with CMS and ATLAS

Feasibility study and R&D for Roman Pot detector development

> Physics aim :pp — p+ X + p (Higgs, New physics, QCD studies)
> Status: Project funded by the UK

NESTOR Institute Seminar Diffraction, Dark Energy, and Higgs Bosons K. Goulianos
PYLOS, GREECE, 20 Aug 07

53



CDF - what we have learnt

Summary V.4
energy?
4

M? - scaling = do/M? not a function of s v

multigap diffraction & restoration of factorization!
flavor independence of diffractive fractions

small Q2 dependence of SD/ND xg;-distributions
t-distributions independent of Q2

exclusive dijet cross sections favor the

perturbative QCD over the DPE approach
LHC - what to do

> Elastic and total cross sections & p-value
» High mass (=4 TeV) and multi-gap diffraction

» Exclusive production (FP420 project)

VVVVYV VY
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