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Planing of the talk

Exclusive Diffraction

Vectror meson production

Real photon production (DVCS)
Pomeron trajectory (new predictions)

Forward Physics at LHC
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Summary
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HERA colliding experiments

W 27.5 GeV electrons/positrons on 920 GeV protons »/s=318 GeV |

" 2 collider experiments: H1 and ZEUS

" HERA I: 16 pb e-p, 120 pb? e+p

HERA II (after lumi upgrade): 500 pb*, polarisation of e+,e-

hémibs

* Fixed target experiment
* Intense program on
DVCS!

Closed July 2007, still lot of excellent data to analyse...

[H1)
Hall nord (H1)

- i %
Halle NORD {H1] i
Hall NORTH r
2 y
// HERA

Halls OST (HERMES)
Hall EAST (HERMES)
Hall est (HERMES)

p (920 GeV)

Halle WEST (HERA-B)
Hall WEST (HERA-B)
Hall auest (HERA-B)

Elektrenen / Pogitronen
~s8— EClecirons ¢ Positrons

Synchrofronstrahiuing
=ulv Synohrotron Radiaiion
Rayonnerment Synchratron

Halle SUD (ZEUS)

Hall SOUTH (ZEUS) g
Hall sud (ZEUS) /

Detectors not originally
designed for forward physics,
but diffraction at HERA is
great success story!

ZEUS forward instrumentation
no longer available in HERA II
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Diffraction in ep collisions at HERA

L

T
*  Hildata
PYTHIA nd
""" PYTHIA sd
— PYTHIA nd+sd

Events
=
S

-
o
~10% S,
=
=)
¥Q
Diffractive DIS

@ p escapes in the beam pipe

% no quantum numbers exchanged btw y* and p

-> no colour flux —large rapidity gap
# Providing a perturbative QCD motivated

10"

2/ o 2 ¢ description of strong interactions
Diffractive events Mnas
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Exclusive diffraction

Main Kkinematic variables

electron-protog centre-of-mass energy:
s =|k+p/'~4E E

// photon yirtuzzllity: 5 0
, 0’=—¢"=lk—k | ~4E E,sin’ >
S |\ photon-proton centre-of-mass energy:
\ W?=|g+p )2, where: m  <W< Vs

square 4-m0ment§1m at the p vertex:
=p'—p

» Vector Mesons production in
diffraction

» Deeply Virtual Compton Scattering
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FPS Stations

Main Detector

Leading Proton Spectrometer

TRIGGER COUNTERS P S

HERA
DIPOLES
(vertical bending)

Si DETECTORS — g5

(80 m.) HERA

QUADRUPOLES

p tag method
0 Measurement of ¢
0 Free of p-diss background

o Higher M, range
o Lower acceptance

Large Rapidiy Gap method
X system and e’ measured

USystem Y not measured, some theoretical
and experimental uncertanties

UlIntegrate over t<IGeV? and M,<1.6 GeV
UHigh acceptance
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The colour dipole picture

Virtual photon fluctuates to qq, qqg states (colour dipoles)

AV — 1 M
v VO +M v

E w* ~1/x

SIS

* Lifetime of dipoles very long — it is the dipole that interacts
with the proton This is why can do diffraction in ep collisions!

» Transverse size  1/V (Q*+ M_ ?)

Transverse size of incoming hadron beam can be reduced at will.
‘ Can be so small that strong interaction with proton becomes
perturbative!
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Soft and hard diffraction
Vector Meson production (p, ¢, J/y, Y, 7)

VM
IP
P 2-gluon exchange
Cross section proportional to slugp densityin the profon

2”2 —|

probability of finding 2 gluons in{ goc{xgz (WZ —
the proton el Q% 7T

0
o ( W)OC W~ = & Expected to increase from soft (~0.2, “soft

do " Pomeron”) to hard (~0.8, “hard Pomeron®)
—b|t
EOC@ ) 5 expected to decrease from soft (~10 GeV?)

to hard (~4-5 GeV32)
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VM mass distributions

Large variety of processes to study dynamics versus scales: M 2, O?, ¢

% [ ZEUS * £LCUD 12V PR
= H1 g . M, = 0.768 % 0.001 (GeV)
L ooz - *  H1'05carrected 260000 ; r, =0.154 + 0.003 (GeV) |
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g oo - rel. Breit-Wigner § 0 _I_
] -
oog - i f e Non-resonant Background 40000 p — 7[ 7[
0.06 | 0 + -
i i p O T 20000 DIS 4
0.04 [
002 - +r PHP 0_, ........... 4 _______________ v|
. ‘~. N | e .......... .......... ......................... o ’ . | | __ | __ | __ | __ _
02 04 06 08 10 12 14 18 18 20 0506 07 08 09 1 11 1213 14 'H]OO ]
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9 B —— I T T T ] E ik ZEUS -
> 100 Q1500 - i : ]
" 2 | ] | .
g s M . Y E
B 1000 - | ] ; i
o £ ;“ ‘* | 40 : ]
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I . * | S n
BN il ¥ Y
,,,,,,,,, et O SO |
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Deeply Virtual Compton Scatterin

VM (p, @, ¢, J/y, Y) DVCS (y)

MWW Y

Y*\/\/\A/\/\ > W&
IP

p P
Scale: Q*+ M? ee— ()
DVCS properties:

* Similar to VM production, but y instead of VM in the final state
* No VM wave-function involved

* Important to determine Generalized Parton Distributions
sensible to the correlations in the proton

* GPD, are an ingredient for estimating diffractive cross sections
at LHC

> >—
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DVCS BH
e

B C“,E y sample: no tracks matching to the
T R W& 1 £ [ 11 .
: | second candidate (DVCS+BH)
i I N . esample: a track match to the .
vy mb/@ P : (BH+ dilepton + J/{)
. L second candidate
—

Wrong-sign
sample:  anegative track match to the (dilepton + J/Y)
second candidate
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DVCS @ ZEUS — Selection criteria

L =61.14 pb” Monte Carlos:
*  99e’-00 ZEUS data GenDVCS (400k DVCS events )
e Two Sinistra candidates Grape-Compton (400k el. BH events

. i i 400k inel. BH events)
* First candidate in RCAL Grape-dilepton  (150k dilepton events

* Second candidate in 150k inel. dilep. events)

RCAL or in BCAL DIffVM J/%¥ — e'e

 1orOtracks JHEP05(2009)108 |
° rear box cuts Kinematic region: | -2 73 (2003 46-63
Pub. Kin. region:
* Elasticity cut 1.5 < Q2 <100 GeV? 5< Q2 < 100 GeV?
40 <W <170 GeV 40 < W < 140 GeV
* Energyin FCAL <1 GeV
and in FPC < 1GeV Energies & angle: Ef'grg;eg :\‘, angle:
* -100<Zvtx <50 cm E,>10 GeV E,> 2.5 GeV
E, > 2 GeV 6 <275
8, < 2.85
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DVCS: W-dependence

10°F g @?-8Gev? H1
4 Q@°=15.5GeV?
[ A Q°=25GeV?
0F H/__r’_nf—g—‘f’_
I -
1 :r e
g 2
10‘1 1 1 L 1 I 1 I
40 50 60 70 80 90 100
W [GeV]
2f e H1HERAllep H1
- O H1HERAI
15 F
1F %
05 F $
D_II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 5 10 15 20 25 30 35 40
Q? [GeV?]

Fit: o ~ W°

ZEUS
3 T T T -\1 T T T T |
5 * ZEUS 61 pb 5
& = ZEUS 96-00
g_ # 0.44:0.19
X E
Q°=2.4 GeV? i
0.75:0.17
10 | .
0.84:0.18
G°=6.2 GeV?
0.76+-0.22
Q°=0.9 GeV*
1L |
Q’=18 GeV?
L L PR | L
2
10 10
W (GeV)

ZEUS meas. Indicate a dependence for
the W slope at low Q? values
...but large uncertainties!
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VM: W-dependence

Large M, supplies a scale for hard Fit: o ~ W°
processes = apply pQCD models

W-slope is (Q°+ M,?) scale dependent
6 (yp—Vp),Q=0

= 2 2
re) r
2 | g P . Socln Q% +M
c10%F
8 ¢ o
= I ..
g o 2 o G{}’p_)pp) w022 co 2 T T | T L :-'i T | L T T T T T T
» L s, W e pZEUS 96-00 (120 pb™) + Jiy H1 =
w  E ° ~ A pZEUS94 ' DVCS H196-00
3 I 1 m Woz2 1.8 v pzEUS 95 . DVCS H1 HERAII ]
5 - o oo o(yp — op) - m $ZEUS ® Y ZEUS
1k 09 Wo-22 1.6 —+ svzeus T ]
3 ° o _ 1 DVCS ZEUS 96-00 m
¢ f o(vp — op) 1.4 | + pvcszeusLps 1

W 1.2 z,l o

M| | oUP > JvP) w g E
vl | 1 L :

F < Zeus 0.8 L E

. F % HERMES o(YyP — y(2S)p) 0.6 - .

10 3 O fixed target w1-2 0 4 N g

- o(yp — Y(1S)p) r 7

I 0.2 1

v : N M | N PP = M 0|||‘\\|||'|||||||:|| I|||Iwm|.||f!I||..I.||.Mu'_
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): cross section

— ZEUS —n
_ L yp ! p ! p I I R T IR O- o« (Q2 _|_M 2)
2, 4 W=90GV (o) (b)
310 . 3 ", Fit to whole Q? range
“a s o, gives bad X?*/df (~70)
T 10 g = ‘
Q. r
e 1| |
©102. -
- n increasing with Q7 appears to be
10 1 favoured
S 0 : Z100/ .
- YPpPp T 0 S H1
" e ZEUS 120 pb” TYyp—p p = :
1 - o zEus 1995 = ER-Y ]
- A ZEUS1934 T = ESS.SatPGKP)_ 2
A = = = \ |-, ESs.(sat-Gauss) | T W,,= 90 GeV
10 -.— _Kmw i — | FSS (NoSat-DGKP) 1 a 10F E
.-~ DF . T -lFss (NoSat-Gauss) i ] %‘ r
2 high Q* 1\ 10w Q2 ] o Hi
10 Lo _1\ T B 2‘ Ll _1\ Cnd A A |Z=EUS
10 1 10 10 10 1 10 10 o
Q? (GeV?) 1 D — J/Wp
¥ 1=2.486+0.080£0.068
For DVCS: n=~1.5 i | 0
Q*(GeV?)
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DVCS: r dependence

— 10
L Of H1
Coee W 2 of Thiy
g 10 s Q?=155GeV? S Fromemenn, I """"""
e Q° = 25 GeV” aF
E [ @ H1HERAllep
= 1 o © H1HERAI
- - 2
7 [ --+ A(1-B log(Q%/(2 GeV?)))
} _1 0-I 1 L1 I L1 L1 I L1 1 L I 1 i1 L I 1 |- I 1 L1 1
o 10 0 5 10 15 20 25 30
3 Q* [GeV?]
SETIEEERIFEERI RSN RS NI RN NI REENI SRR NI NN NE ANET' o ° ° 2
_ o W o 40 Gav o b decreases with increasing QO
10 £ A W=70GeV s b :
3 A W= 100 GeV 5 1-.:_.."!“-‘;‘ H1
a f
1F i
3 b .*.}.*..
10'L  Q*=10GeV? N3
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 11 :
0 01 02 03 04 05 06 07 08 09 1 2PN PP EPEPENE BN PR IR
d e R E R0 e
Fit: oot i
. At No evidence for W dependence of b
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LPS selection criteria

THE LPS
SPECTROMETER

*3<Q2<100 GeV?
* 40 < W< 170 GeV
« ZEUS selection cuts

L =27.77 pb”

LPS selection Cuts:

* 2000 data only
« 096 <x <1.04

* 0.08 <|t] <0.53 GeV?

* LPS track position cut

« E+pz +1840-x, <1865 GeV
* docap > 0.04 cm

No p dissociation background — Clean measurement

Low detector acceptance — low statistics
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DVCS: t dependence

® ZEUSLPS 31 pb’

do”P P jdt (nb/GeV?)

/ |

| — et

L Q%= 3.2 GeV?
| W =104 GeV
b=45213%204
T %0 o2 03 0a 05

It| (GeV?)

do/dt measured for the first time
by a direct measurement of the
outgoing proton 4-momentum using

the LPS spectrometer

BNL, Long Island, Mar. 18, 2010 S. Fazio - Calabria U.
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> — Dipole model
& 8 |--- GPDs model H1
2 6 §\%_¥
—% — 1
1= e H1HERAI
O H1HERAI
2 - O ZEUS HERA |
W =82 GeV
0.-.-I--..I-.--I....I---.I....
0 5 10 15 20 25 30

Q?[GeV?]

The ZEUS result is in agreement with

H1 $

Measuring the t slope without the LPS
but with much more statistics could

help the discussion!

S. Fazio, M. Capua
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The DVCS and GPDs

o L3 [J o
'TE x1 # x2 — Generalized Parton Distributions:
X X, sensitive to the correlations in the
proton

—C D>——>»p
, X

X, 1

GPDs are important also for the diffractive Higgs
production
at the future LHC experiments at CERN in Geneva

DVCS and BH: identical final state — they Interfere

Interference term: A g < Re (A DVCS ) +im (ADVCS )
_do"—do

C d0_+. _|_d0_ —.

BNL, Long Island, Mar. 18, 2010 S. Fazio - Calabria U.
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DVCS: the beam-charge asymmetry

The beam charge asymmetry as a function of phi

HERMES H1
@) -_I L rrrpT et T T T T T T T T '_- —~ 0.6 n
< 0'2: HERMES e"p—e"’yX (M,<1.7GeV) | % 5 H1 - ;'1:5::4)"
i < 04t L GPDs model
0.1 - ] -
i 0.2 =
0F of T 1
"""""""""" 0.2
-0.1 T -
----- 04
'0-2-__P+P +P 2+P 3 _- :l|||||IIIIIIIIIIIIIIIIIIIIIIIIIIIII
o chosq) | |3.c.0.s.(|b. | I“Iclof (b o 06020 a0 60 80 100 120 140 160 180
0 05 1 15 2 25 3 0] [degrees]
lol (rad)
The phi angle
k

_ do —do
C d0_+. _|_d0_—

A

7 At ZEUS: : bonc
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. t dependence

ZEUS
TN T T T T
’ Yp—=>eP
® ZEUS 120 pb™

A ZEUS 1994
O ZEUS 1995

o
mm‘u

- YP—0% . 1E
pezeusaopy! | JEWC T
0 0.2 0.4 0.6 0.8 1g 0 0.2 04 0.6 0.8 1
It| (GeV?) It| (GeV?)

o

do/d|t| (nb/GeV?)
=2 =
N

do/d|t| (nb/GeV?)

do/d|t| (nb/GeV?)

102\:32:\7'?1&)%102 @P=11.9 GeV? (d)% | i

E %g £ 1 - |

[ 1.0 [ 1 |

10 = 110 ¢ I |

* = i e i i |

1 \\\\51 PR SR R EE R i |
0 02040608 1% 0 0.2 04 06 08 1

2 © 2 4- *

It| (GeV?) It| (GeV?) I |

e, omrsev (9 S0, emse () I ]

10 ¢ 19 i ] 2- .

C 1.9 E E [ |

1 S ] * *

E“““““““““‘Eﬁ E“““““““““‘E 07\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\7

0 02 04 0.6 08 21 _g 0O 02 04 06 08 21 0 5 10 15 20 25 30 35 40 45

It| (GeV?) It] (GeV?) Q2 (GeV?)

e

b decreases from soft values to pQCD expected values (~4-5 GeV?)
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VM: f dependence

Same slope for all VM 14 e R :

vs (Q + M?)

Size of the gluons:
(=2 blhef
Falue = 0.00 fm

Proton radius:
T-p-ll"ut L]'ll'll_ : 013 flIl

I

o p ZEUS 96 00
E p ZEUS 94 |
» 5 ZEUS LPS 94 -
o p ZEUS 95 i
A p H195-96 _
¢ ¢ ZEUS 98-00 n
= ¢ ZEUS 94 ]l
* Jiy ZEUS 98-00
x JAy ZEUS 96-97
* JAy H1 96-00

« DVCS ZEUS LPS (31 pb™)
» DVCS H1 HERA |
v DVCS H1 HERA || ep

1 O Em |

0 10 20 30 40 50
Gluons confinement area Q*+M*(GeV?)
is smaller than proton
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Pomeron trajectory

do 2| 20,,11+2]  First measured in
Regge-type: —|W|= - '
€gge-type: W=exp (bot) d h-h scattering
Linear Pomeron trajectory @

olt)=o (0)+a (2)2
’ Soft Pomeron values
a(0) and a’ are fundamental parameters a (0) = 1.08
to represent the basic features of strong a =0 2.5
interactions :

0(0): determines the energy dependence of the diff.

Cross section

do b 40‘(1)‘&54&‘4 bt]; b ,t4a (W)
EOCGXP( Ot)'W =W -eXp | Ot ], oA

a': determines the energy dependence of the transverse
extension system
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Pomeron trajectory in hh collisions

ws(1670
(P —]
ps(1690) ¢5(1850)”

3 O =iy = A By

£,(1270
Oy
0,(1320) £4(1525X#T670)

ey a(t)=a(0)+a't

15 § - Pomeron:

1 ‘Y - QYO“ (78 5(1020) b,(1235) aIP (t) o 108 + 0251‘

: - Reggeon:

0 T e A R(t)=045+¢
0.5 - * ]

: t<——> f
T e R S R

t = m*( GeV?)
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Pomeron trajectory in ep collisions

p’ photoproduction (Q?=0) === Q*+M*= 0.6 GeV"

1 20 —« H1'05 Preliminary
— H1 06 fit
4 Zeus'9b
119 7 —— Zeus '95 fit
. —— Donnachie-Landshoff
110 |
= 1.05
S
1.00
095
0.90 . L
Elastic p” Photopraduction
1 | 1 1 | Ll Ll | 1 1 | Ll I 1

12 10 -08 -06 04 -02 -00 02
t [GeV?]

(SOFT regime)

alt)=a0)+a’ (2]t

a(0) (yp) = 1.093 + 0.008 = a%

@' (yp)=0.116 £ 0.05 = 0.5 o' (pp)

Two different soft Pomeron trajectories?

Size of two protons system growing
twice faster with energy than a
single proton (yp system) ?

Comments and remarks are really
welcome!
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Pomeron trajectory in ep collisions

VM electroproduction

a(t)=a(0)+a't

As the scal gets harder the
interceps grows up to 1.2

Soft Pomeron values measured
in hh scrattering

The Pomeron slope is
around ~0.1 at hard scale

=——=>From SOFT to HARD.....
2 ., ‘¢ ]

a(0) e e ]
50| R I

N J/Yp A

N A S A S A

' q%0.2 b ]

o ié‘ O i alls : 7
0.2 5 0 12 14 16 18 20

Q*+M2(GeV?)

Now the question is: "is the Pomeron “universal” or its slope changes with Q2?"

BNL, Long Island, Mar. 18, 2010
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M. Capua, S. Fazio, R. Fiore, L.L. Jenkovszky, F. Paccanoni
Published in: Physics Letters B645 (Feb. 2007) 161-166

Tla) L (g2) ,
(R, ) Vl —e bp |- (z Applications for the model can be:
* Study of various extreme regimes of the
V.= bo (t) scattering amplitude vs 02, W, ¢
F(r), f(r) 2 =€ (perturbative —> unperturbative QCD)
A new variable i! Study of GPD,

introduced: z=7- 0’

Ta(t)

plm) plp2) X
DVCS amplitude: A(S’LQZ)VPHVP=_AO VI(LQZ) Vz(t)(_iS/SO)a

the 7 dependence at the vertex pIPp is introduced by:
a(t)Za(O)—alln(l—azt)
ﬂ(z)Za(O)—alln(l—azz)
the DVCS amplitude can be written as: /
A(S th) =_Aoeba(t)ebﬂ(t)(_is /So)a(t)=_Aoe(b+L)a(t)+b,B(z)
o w =P

L=In (—iS/SO)
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DVCS data collected at HERA do (s t,O ) — —|4 (S,LQ2)|2

=

2 & ] 2 1 d

:10 ! o LEUS fc\ :10 ® ZEUS \D, . t S
= £ E - ]

3 'n W 11 96/00 3 m H196/00

o L o

£ i. A H10506 £ s

© 1 B b —— Thismodel _| ©

|5 = Tﬁfiil.i_ {?j Fit was performed
B AN on 0(Q?) and o(W)
10 1* \i\.._\ f ; i ;

E . = 2 - __
E Q*=8GeV’ =] W =82 GeV

o b 20251 a(0) ~ 1.2 = a(0) hard

0 20 40 60 80 100 40 60 80 100 120 140

L B B QZ(GTVZ) 10? ] W(GW) q' = 0'25 ~ a' pp co"'
m H19%/00 | E E
- ¢ ]

———  This model =

[
=
T

do(¥¥p — yp)dltl (nb/GeV?)
I
/
s ]
do(¥¥p — ypVditl (nb/GeV?)

! i 1 Model compared to do/dt with
7 o L M s all param. fixed and anly
L W =82Gev ] - @ ZEUS 00 prel norm. free @

r(c) LI L This model {3
1 | 1 | W
1“ L 1 L | L L 1 | L L 1 ‘ L 1 L 1

L L 1 | L L 1 L L L
10
0 0.2 0.4 0.6 0.8 0 0.2 0.4 0.6

The model disagrees with H1

It (GeV?) Itl (GeV?)

2
t was calculated in H1 by the approximation: 7~ (PZT +P 2T )
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Comparison between HERA data and the model for
F,(s,0°) DIS structure function

N1.5:‘7wawHHHH‘HH‘HH
1.4 - e H1 . (1 ) )
. = ZEUS . —
1.3j. —— This model . Fz(S,QZ)N;QSA(S,QZVS
I ] a,

All parameter fixed like in our model

Really good agreement!

The model reproduces

experimental data at small x and

Lo v b e e e ]
05 0.001 0.002 0.003 0.004 0.005 0.006 0.007 moderate O’
x*10
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S. Fazio, R. Fiore, L.L. Jenkovszky, A. Lavorini
First presented at: Blois pre-conference, CERN (Geneva), may 2009

We may consider the Pomeron as an “effective” one containing the
contribution from many particles, each one with a Q2-independent trajectory

Atot:AS_I_h.Ah

A,-(S,f,Qz)yp_)yp=—Aoeba(t)ebﬁ(t)(—iS/SO)a(t)=—AOe(b+L)a(t)+bﬁ(Z)

ai(t)Za(O)—alln(l—azt)

ﬁi(z):a(o)—alln(l—azz) i=50ft; hard

Soft Pomeron:
%y l2]=1.09+0.251¢

Hard P Now we have two “universal’}
ard Pomeron: '
o,  |t]=1.30+0.02¢ Pomerons!
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DVCS (two Pomerons contiBUiGRININ

DVCS data collected at HERA

iy =10
= @ |8 ®
:ﬁ_ 5 9 = —I— .
&op W =82.0 GeV E 8; S =R0cey: + A tot A S h Ah
} l: e ®
> &£ bl |
d 3 ¢ d Reggeon contribution found
i to be negligible at the HERA

"R ¥ energy scale

6- 3_
107 _"?3"“'20'3'0"45"'5'5"6'0'7'22;52\;] 2:"'5;,"36'76"56;6'10;,"1'1';,1-52;1[:'2,;] Model compared to do/dt with all
7 - .| param. fixed and anly norm. free
N = do/dt agreement with H1
e o improved
3 5

-
TTTT

m a(0)=1.09 «a' =0.25
S o a =1.30 a’, =0.02

1 ‘ Ll il | L1 ‘ L1 |1 | L1l | ‘ 1
01 02 03 04 05 06 07 0.8 10" A R N
1| [GeVP 0.15 0.2 0.25 03 0.35 0.4 045
[t] [GeVF
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Atot:AS_I_h.Ah

2 22 2 a2 _
Q" =0 =0"tM 7 s > Model is general:
it can be easily extended to VMP
E‘ _ ZEUS 07 DATA
'E-| 03 — =07 Ge ) ZEUS DATA
ii. i.—.’__.——-.—".— 0% = 2.4 GeV? .502_—
: i.*__.___.___.— Q%= 2.7 GeV? g N
o a |
A Q* = 6.0 GeV* L
51 0? :_v—‘"/__‘—"—___‘— Q7= 8.3 GeV? ; i
. A
= L & e
E L ,__6———‘9'—'—-@’——; “@*= 13.5 GeV* é- .
10F 100 |
. S r Q%= 16.0 GeV?
L o i :
1= -
- ZEUS: J/psi
; ZEUS: rho P
10’1"|"'||||||II|I|I|III|III||II 1||1|||||||||||||||||||||||||1|||1
40 60 80 100 120 140 160 40 60 80 100 120 140 160 180
W [GeV] W [GeV]

Successful description of the total xsec. in energy
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o EUS 07 DATA
[= =90 GeV =
p [ = c
E :' L @ ZEUS 2004, W = 90 GeV
[« 1 L = B H12005, W =90 GeV
e | 2 0%:
A =9 u
10*- S 0
- At
O H
E i 210
10 :>_; C
- (o) -
C . T r
- ZEUS: rho i
L ™ L .
U3 - ZEUS: J/psi T
: / ¢ I
10—1|II|III|III|III|III 10-1[][[[[]llllllllllllllllllllll
0 20 40 60 80 100 0 10 20 30 40 50
Q? [GeVF Q? [GeVF

The model provides a good description of the o(Q?) for J/y but it still fails
to describe p° at high Q?

... but remember slide #16 !
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Model compared to do/dt with all
param. fixed and only norm. free

% ZEUS 07 DATA E =
20 ~ $ hawomen
T E E N @  H12004, W =80 GaV
—_— o H12004, W = 80 GaV
o L
=8 n-oz_ —— GF=6.8GeV®
MO? = — @=3.1GeV?
1] = iy - — @=6.80GeV
4 [= = L oF = 16.0 GeV*®
o I AL
* B ; -
E-'lﬂz— 0= 1.8 GeV® a |
¢ - =l
I~ z =19.7 GeV® . —
- | . - 1 _g
1:— 1 10:_
; Q7= 41.0 GeV? T -
i ! T B
1U1§_ ‘ L
- ZEUS: rho - H1:J/psi 1
1u-2_||||||||||||||||||||||||||||||||||||||||||| 1||||||||||||I|I|II|III|||||||
01 02 03 04 05 06 07 08 0.1 0.2 0.3 0.4 0.5 0.6
It| [GeVP It| [GeVF

The model reproduces the do/dt, especially at high Q?
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B dependence

Biffl vs Q° W=82GeV [t}=0.17 GeV?
T T

B expected to
decrease with
increasing Q?

@ [GeVP

BifvsW [t)=0.17 GeV? Q%8 GeV?
T

A low dependence of B by
the W energy is foreseen

L L L L L
40 50 60 70 80 90 100
W [GeV]

L, i 0 pZEUS 96-00

8 I E pZEUS 94 |
" p ZEUS LPS 94 -
o p ZEUS 95 1
A p H195-96 1
¢ o ZEUS 98-00 .
= o ZEUS 94 ]

* Jiy ZEUS 98-00
# Jhy ZEUS 96-97
*x Jiy H1 96-00

:

s | » DVCS ZEUS LPS (31 pb™)

- + DVCS H1 HERA | 1
I v DVCS H1 HERA ll ep
0 v by v by b e by
0 10 20 30 40 50

Q%M (GeV?)
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The LHC Machine and Experiments

ATLAS/CMS Coverage
Tracking O<|nl<3
Calorimetry O<|n| <5
* Consider additions/upgrades
(AFP project)

Experiments for Forward Physics
TOTEM & 420 (now at TDR level)

(\ pp collisions at )

— |F —
N (el

E540 - V10/09/97



Forward instrumentation @ CMS: TOTEM

TOTEM: measuring the total, elastic and o,, ~ 1% precision

&=

diffr.ac-l-ive Cr.oss sec.l.ions 12}77 best fit with stat.crrorbal:ld ¥
Add Roman pots at 150-220m to CMS ol — wsicctamdertente S

interaction regions.
0 Common runs with CMS planned

RP1 RPZ P e

o1 TAN\ ZD2Q4 Q5\HJ 06
1111 BsR  TOL W\BIT M

Q1 02 Q3
[ ] — i

TAS 77&511 7'“!557 CFEX BRNEE
IPS——— =

TOTEM: T1 3.1<n<47
TOTEM T2 53<n <6.7 #
CMS Castor 5.25<n < 6.5

[

:

/

Nl
g w

e
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Forward instrumentation @ ATLAS

on both side

e nmc-am -:-r- [

{nuuum

ALFA at 240 m ZDC at 140 m LUCID at 17 m MBTS at 3.6 m

Luminosity

Luminosity - Cerenkow Bias Trigger
? 2010  forATLAs Calorimeter Integrating Detector Scintillator
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Afp Upgrade: the idea

Measure forward protons on both side of the detector for
CEP and DPE studies

Provide a trigger for the diffractive physics (LVL1+ HLT)

" bjet
gap J gap
P \ P
Y
L b ffE?f

Detector requirements:

- Tracking system to detect and reconstruct the 2 leading
protons (1prad. angular resolution) > Si detector

- Timing system (10-20ps resolution) to identify the primary
vertex - Cerenkov photon detectors

- Beam proximity = Radiation hardness

BNL, Long Island, Mar. 18, 2010 S. Fazio - Calabria U.



Physics case

P

= Two new-physics production processes : CEP and yy

- CEP leads to quantum number selection rules / high precision mass measurement
irrespective of decay channel / bb channel open in wide range of MSSM scenarios

= In MSSM, very important that pseudo-scalar production heavily suppressed, important
in scenarios where scalar and pseudo-scalar masses are close

= vy production very large, theoretically well known cross sections for SM and BSM
processes: SUSY production, anomalous gauge couplings

= Wide “bread and butter” physics program in QCD and photoproduction

= Useful service tasks including high precision calibration of jet energy scale
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AFP a future possible Detector

a1 Q2 o3

o ab | D 5 Coos 07 |oa |oa mie |
- A 0 P L 2 S - FREE: =
L \WLLUILIES R I ]
T .
220m e 420m -
= - E Ci
‘E: beam!| = -
*-' WDE‘”"
v e v xmm)

Two stations at 220 and 420m to detect leading protons,
integrated in LHC n

Very good mass resolution for forward
Protons

But VERY Challenging !
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BD DETECTORS AND ACTIVE EDGES Brunel, Hawaii. Stanford

BNL, Long Island, Mar. 18, 2010 S. Fazio - Calabria U.
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What's different-> 3D versus planar

particle

i)
* * p ~ B0 mm

I.I-I- p-l- n+ p-l- n-|- p

-— =

& n+
50 jim

Active edge ~4um
b planar

«53-10V S0-FO¥

Ty
¥ dep

L] 24000e  24000e

b 1mip

c 40-80fF 50-200fF

Lorentz no yes
angle
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2 T
;I
D
=
QI
®
=

0 O

5 <
3
D
Q
7))
c
q
D
3
®
=
[

' The partially inactive columns are expected to cause some loss of
QQ plXQ/g efficiency
) -;
Analysis procedure:
-. , * Apply strick track cleaning cuts
;LLEGTRM - *Extrapolate track to Device-under-Test

- . *Discard tracks that pass close to masked pixels
ATLA\*S *Search for hits in window of 3 x 5 cells

Nominal tilt for inclined tracks: 15°, actual tilt estimated to 11.4° - 14.1°

E. Bolle® M. Borri? M. Boscardin® G.-F. Dalla Betta* G. Darbo® C. Da Via’S. Dong® O. Dorholt®
S. Fazio® C. Gemme® H. Gjersdal® P. Grenier® S. Grinstein® P. Hansson® J. Hasi® F. Huegging?
P. Jackson® C. Kenney® M. Kocian® A. La Rosa* A. Mastroberardino® P. Nordahl® F. Rivero®

O. Rghne® H. Sandaker' K. Sjgbaek® T. Slaviec® J. Tsung? D. Tsybychev™ N. Wermes? C. Young®

'University of Bergen 2Bonn University®Calabria University
“CERN °Czech Technical University
°IFIC Barcelona "University of Manchester 8University of New Mexico *University of Oslo *SLAC
" Stony Brook University 2 Torino University ®INFN Genova
¥ Universita di Trento and INFN Trento ®*FBK Trento
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Mask detail

inclined tracks

Mormal incidence Inclined tracks

Hit efficiency (%)
B=0.0T
=0 | =15
Planar 99.9 99.9
STA 3E 067 00.8
FBK 3E7 99.0 99.8
FBK 3EMs 00.2 7.7

The low efficiency in FBK 3EMs is understood in terms of inferior operating characteristics of

that particular device.
BNL.

Fully efficient for inclined tracks



CVS package off-line

|

Forward detectors

Zero degree

LUCID ALFA calorimeter

AFP

» One common AFP directory
containing simulation of both FP220
and FP420 detectors

FP220 FP420

> Two different mother volumes for the
two AFP detectors
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pocket

BNL, Long Island, Mar. 18, 2010

beam pipe

S. Fazio - Calabria U.

GasTof box: stainless steel
GasToF: perfluorobutane - C,F

beam pipe: stainless steel
stainless steel
stainless steel
pockets:stainless steel layer +
copper layer
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| Interactiv :
- visualization: vpl ,

D Materials:

Si(71%)+Al(29%)
electronics: silicon

R | |

o

Rotz Roty

Dolly
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_ Heinemeyer et. al. (Eur.Phys.).C53:231-256,2008)

s®CE Eif g F 7 o Gox. etal. [JHEP 0710:090,2007)
Ll S R S g F B 3
ak DR o ‘f-'z = i
b 2 & s B : |
aE i3 E E “,_\,. E § |
g . o |
m__l - ] 2 15.&"” ﬁ 1 .E I
s .F? o i g : ' \
- LR g 4 £ i ' I
o i Fa . E
E i;*h' A o o = a z N
15043 P zZ g
iy ’_:_\ . | y
.. . +JRH-. t
: = — ] ! e 1'-u = m 1f_ -
: BT 110 120 130 142 150 L L L
I L M iG] -y

Higgs signal and background obtained for MSSM Higgs production for
neutral light CP-even Higgs bosons

Signal significance > 3.5 for L=60 fb™ (central plot)
> 5 three years of data taking at high lumi and using
timing detectors with a resolution of 2 ps (right plot).
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. Summary

® A lot of new HERA data on exclusive diffraction, still waiting for a
better understanding

® A logarithmic Pomeron trajectory can reproduce DVCS data.
® The contribution of a soft and a hard Pomeron with fixed Regge

trajectories describes the exclusive electroproduction on VM
® A rich diffractive physics program under development at LHC
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Back up

S. Fazio - Calabria U.
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<0.25

0.2

0.15

0.1

0.05

Dependence of the h parameter NN

A

tot

=4 _+h-A,

The h parameter seems to depend by

:_ - o(y*p~~>pp)vsW 2 2 . m

- \ A o(rpsdlup)vsW Q?+M? — surprising

T Y crp-srp)vew gt

-

| ‘ \ .

a0 A A room for improvements

- mm | Il

- Ap

= ‘ A B Q2 dependence may enter also in the

. R B b slope of each exponential outside
@+ W [GeV] the Regge-trajectory

BNL, Long Island, Mar. 18, 2010
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Higgs Physics

s CTEDEL

o (f)

- CTEDEW

T — wermezac| Take more conservative
i MRST PDFs

o= 3 fb for M,;=120 GeV

=

B0 100 120 180 10 180 200
M. (GaV)

CEP calculation uncertain by a factor of 2-3

— CDF measurements in both di-photon and dijet

channels imply CEP cross section is at upper end of th
theoretical uncertainty

— Owerlap background has uncertainty due to lack of
knowledge regarding undertying event activity at the
LHC, total cross section, single-diffractive cross section
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