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* Hard diffractive scattering
 Exclusive processes, eg Higgs
e Low-x QCD measurements

* Cosmic ray connection
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Number of events

Diffractive Deep Inelastic Scattering

Q2 = virtuality of photon =

= (4-momentum exchanged at e vertex)?
X = momentum fraction of parton in proton
t = (4-momentum exchanged at p vertex)?
W = invariant mass of photon-proton system

M, = invariant mass of photon-Pomeron system

Diffractive peak
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Diffractive Deep Inelastic Scattering

2

Q
,// x1p = fraction of proton's momentum

taken by Pomeron
B = Bjorken's variable for the Pomeron
= fraction of Pomeron's momentum
carried by struck quark
= X/ Xzp
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Flux of Pomerons | o
Pomeron structure function



Diffractive Structure Function versus Q2.

Diffractive exchange (Pomeron):

0,°® at x,=0.003 and 0.01

x,.=0.003
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Positive scaling violations:
lots of gluons |
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QCD analysis: Pomeron is gluon
dominated: integrated fraction of
exchanged momentum

carried by gluons (75 = 15)% ¢




Test factorization in pp events

_ jet

Jjet

> > 5

gel|

Normalisation discrepancy (x10-20) :

Factorisation violated
in “hard diffraction” pp

Violation of factorisation understood in tferms
of rescattering corrections of the spectator

Partons that destroy the gap
Survival probability of the gap ~0.1
for Tevatron and 0.05 for the LHC

Kaidalov, Khoze, Martin, Ryskin

- H1 fit-2 —+- CDF data
- H1 fit-3 Ey" 2> 7 GeV
( Q%= 75 GeV?) 0.035 < & < 0.095

|t]| < 1.0 GeV?

— H1 2002 .0 QCD Fit (prel.)
- IR only
1 1 1 1 1 1 I

0.1

=)

- (x=xp)
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Hard Diffractive Scattering —

Ingelman-Schlein description of high mass diffraction
SDE = Single Diffractive Excitation

Suppose IP has constituent (q,g) structure F(Q2,=x)
Go into frame of X, and look for jets.
Kinematics tells parton momentum fractions .

Jets in SDE observed at CERN SppS Collider (not v. high ET)
ET > 20 GeV jets in CDF, DO at Tevatron.




Diffraction: UA8 superhard pomeron? .

Di-jet data from UA8 at 630 GeV at the SppS at CERN '87

Measure the total longitudinal momentum of the Di-jets in the

“pomeron”-proton CMS system, normalized to (Vsg)/2:
X(2-jet) = x(pomeron)-x(proton) = - x(proton)

~30% of p~1 component Preliminary CDF analysis ('02)

1 /N dN/dx(2—jet)

(@) 0.90<K,<0.96 o Duin _ 5 . ggﬁ

2F — x(1=x) MC S a0 + -

)3 ] = L X

15 F — (-’ Mc 3 8 I T|_ +
- ] < I + +

1F 9 . 20

os + ] !
C P R S T SR SR |

D R e e %2 0 0.2 0.4 0.6 0.8 1
i ,=0.93 ] o

’ e 0.4 < £ <0.10
4 —Scattersd Partons -
----Hodronization + Ideal Calorimeter e Jet cone radius R = 1.0
----- Full Calorimeter Simulation 3 . .
) L v e No underlying event or out-of-cone corrections
g o EIFM? > 8 GeV
e - jetl,2
I i il | T | L 1
02 0 0z o4 06 08 1 o |7’ | <2
x(2—jet) o Ap(jetl,2) > 135°

e |t] <0.2 GeV? (UA8: 0.9 < [t| < 2.3 GeV?)



Cross secuon (4o)
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Vector Meson Production at HERA

* of  o(yp = wp) W=
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L W ZEUS %4
9 ZEUS (prel)
. x HERMES o(yp —> ¥(2S)p)
. O fixed target w12
: o(yp => T(1S)p) Arﬁ/i/
Akl .‘lo M A hedd o d A‘e A
W(GeV)

o oc W°
p, ®, ¢ 0’
e N
-Y*
VM
A o
P \_/ Y
Y t
(skewing,
Re >GPD)

Onset of low-x QCD
effects at large |t|?

Wealth of experimental results. Soft<Hard transitions
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Diffraction at LHC:

N - Soft Diffraction at the highest energy

elastic scattering ’ P o -

. & Multi-gap events

&
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- Hard Diffraction = Structure

| { p -
INAF e /Q‘) E = proton
single diffraction P [ e L 4 P ’ __Ei’ _.-” pomeron remnant
I <l

- % T P momentum
-10 -5 0 5 0 19 \\/ IOSS

; hard scatter R@CO”STPUCT E

== e .. W (x ‘e L | :
SN ) I A with roman
double diffraction E ‘e | | oo N
/ Qs\{__ | . ‘ l'. | ‘ proton remnant pOTS
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.
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Double -5 o, ol
Pomeron ll;__?_fig;{':lo o b .!: o ,.'.:
(Photon) P‘ ' P P l ‘ ; . 0 {:.
Exchange =7 Toh 0 e s 0 s w1 €<01 = 0O(@) TeV "Pomeron beams"
N N N S G r e e E.g. Structure of the Pomeron F(3,Q?)
ultt -lP Q.l [ ||.0' [®
Pomeron ==k of % te |, ~ -3 2 ~104 2
EXCha“ge f{q".:* 0 .. I,‘ (. ..[.I (|. : |'l ‘I|. ﬁ down 1-0 10 & Q 10 Gev
N S, Can use jets, J/y, W,... as hard probes
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Diffraction at LHC

Plan to use both rapidity gap and proton tagging techniques

Rapidity gaps based on the central detector

Used extensively at HERA and the Tevatron

Uses correlation between the n,,,, and &, the momentum loss of the proton
Once detector/readout stable, can lead to first results quickly.

Many significant HERA analyses, like F,P, first made with rapgaps

Only usable if pile up small and can be controlled

Cannot distinguish between outgoing proton or low mass system

Need Monte Carlo based corrections

Tagging protons based on detectors along the beamline

Clean measurement for non-dissociative final protons, kinematics!
Need to understand positioning, alignment, acceptance corrections...
This can take some time (HERA & Tevatron experience)

May have reduced integrated luminosity: can insert RPs only when
beams/background low and stable

Experience from both HERA and Tevatron vital

12



Forward Proton Acceptance e

E=Ap/p
101 T

10'2—- |

l

103 - - - =

B=1540 TB=90

. L ] L

10 10° 102 10° 1
—t(GeV?)

* ~ full € coverage with special optics
and low luminosity

* Coverage down to € =10-2 (10-3) at nominal
optics and medium/high luminosity

Acceptances as calculated by TOTEM
Similar for ATLAS RPs

420m 220m

Acceptances

0.8
0.6

0.4

B=0.5

L
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Running Scenarios: Eg:CMS/TOTEM

pPP->pX pp-=piix  SD PP->PJI (X)
o . =L - b
- sacaf] *[e B .
— e * .« » I c * a2 = LI
L ™ : °« L @'
T R 5 s W % T 0 s w7 - o > w
pT=40 GeV N
pp->pXp PP->piiXp D P E . PP—=pjiP(X)
. R * . &2 -
il ® .: s ° < e e -: . = 2 IF 3T ™
) - L =, L ce) . ! —
soft diffraction (semi)-hard diffraction hard diffraction/exclusive processes
Cross section Luminosity

c mb nb
L (cm?2s?) 1028 1034

B (m) 1540 0.5

TOTEM runs Standard runs

The accessible physics depends on : luminosity

Pp* (different proton acceptance) 2
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Soft Diffraction Measurements

5 fxm) b,

P & P P }Y(MY)
(t)

A~
(t)

* Single and double diffractive dissociation have large cross section [O(mb)]

e First measurement of rapidity gap processes at LHC — study of underlying event/soft survival. Impacts
on understanding pile-up at high luminosity.

Efficiency [%] Pythia Phojet
ATLAS Preselection
RP P ZDC LUCID £<0.2 97.1 948
I _ ZDC [E>1 TeV] 53.9 38.7
- = _‘ - = "' ——— S — LUCID [1 track] 452 57.3
I I . ; I P Total preselection 75 74
RP [[RP ||zDc || LUCID RP selecton
AT LAS fl\!':l'a:t?/e to preselection) 60.1 54.2
240m 140m 17m
Total acceptance 45.0 40.1




Di-jets at low and medium luminosity...

[ dordp, N event collected
(ub) 1 [acceptance included]
§ B=90 fLdt = 0.3 (pb?l)
o 10 SD:  pT>20 GeV 6x10*
v DPE: “ 2000
B =2
é 10
; ! B=2 [Ldt = 100 (pbl)
Q
S " DPE:pp->pjjXp SD:  pT>50 GeV 5x10°
7 R ' DPE: “ 3x104
% 10 'R A el N T T O

20 40 B0 80 100
p*(GeV)

* Modest luminosity sufficient for initial studies at 10/14 TeV
* Medium luminosity (~ 1fb?)

= Measure cross sections and the ¥, M, P.... dependence
16
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iffractive Dijet Production ...

Diffractive di-jet production:
— Measure single diffractive to non-diffractive di-jet ratio,
R(SD/ND).

— Also look for double pomeron exchange (DPE) di-jet
production, measure R(DPE/SD).

— Allows study of soft-survival, diffractive PDFs.

Impose one (or two) rapidity gaps in forward detectors to
search for SD (DPE).

— Expect a few thousand SD di-jet events in 100pb with
E,>20GeV (after trigger pre-scale and gap requirement).

— New trigger possibilities being examined to increase
rate.

(No trlgger prescale)

pr(GeV) | Zpom o (pb) gap type efficiency | Events in 100 pb~!
20 < 0.01 | 7.2x10° FCAL 0.4 2.9%107
20 < 0.1 | 3.6x10° FCAL 0.08 2.9%107
40 <0.1 | 21x10° FCAL 0.05 1.0x10°
40 <0.1 | 2.1x10° | LUCID,ZDC 0.44 9x10°

17



Di-jet events and diffractive structure.

2002 : ]
212 SR P,>100 GeV/c for different structure functions

do (pb) : —
p omceron
250 H1 fit 6 ’ 9| (G (\
200 M P SN 0
H1l fit 5 T T

— —fitd
150 J T T —  HERA PDFs
100 B : T 2002
Z 3| -
50 |
H ot
00 010203 040506070809 1 N
ﬁ 0 01 02 03 04 0.5[5 06 07 08 09 1

B=Z.ys Er e/(VsE)‘ E from Roman Pots; E; and n from CMS

High B region probed/ clear differences between different dSFs
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Diffractive W and Upsilon Production

Early measurements at LHC

-~ ’-/

W

el | ¢

- LRG s

SINGLE DIFFRACTIVE
W PRODUCTION Y PHOTOPRODUCTION

Studies for 100 pb-! and no pile-up
Use rapidity gap technique



Diffractive W—nuv Selection

Clear peak at zero multiplicity Rapidity gap:

POMWIG SD wﬁ;:\/é in s side) POMWIG SD W—suv (gap inn-minus side)  Calorimeter towers in the CMS
] | e - forward calorimeter (HF)

“lown”: 3.0<|n| <4.0
“highn”:4.0<|n| <5.0

Excess in low
multiplicity
visible

Nawnks 100 p0")

Non-diffractive background clusters in
the iow muitipiicity (signai) region

Expect O(100) signal events for 100 pb-! assuming 0.05 gap survival probability

20
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xclusive Upsilon production ...

Y
o

>
sl

Offline analysis selection: AR aad 3
- Exactly 2 reconstructed opposite-sign muons — Backgrounds
* Ap; () < 2.0 GeV ;

* 1A¢(pp)| > 2.9

Select events with:
* Number of extra towers < 5
* Number of tracks < 3 Tower multiplicity

W77 | P N T T T
0o 5 10 15 20 25 30 35

PETTT BERRTTT s REATITT W TTT MEWTRTT BN TT!

.
s o

20 45 50
“Extra” towers: E > 5 GeV, isolated from
either of the u candidates by AR > 0.3

é 0 Starlight + LPAIR MC -
s “F <W>=2398 GeV 3 Observable with
g wf E 100 pb! but no
20 E survival probability
. MIVRET R taken into account
vy continuum«——§ w,_u ....... : \ _

“65 90 105 11 115 12
m(p p) (GeV)
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80 B0 00 iz i
M rransverse(W) [GeV]

80

L - 40
” r
g + s00[ Hgg +++~):+ 20
> L +h PR PPRpT- N R PR IR N TR T
. ! 400l + N ] Q7728 29 3 31 a2z 33 a4

r Fo ] w*y- invariant mass distribution (GeV/c?)

2001 7
Muon

Diffractive B production with B—=J/y

i ' P -producti
Diffractive DPE W-production for 1 fb!

Few 1000 events with 1fb-1

p

Diffractive top?
Depends on the cross section

+ vy production, low mass mesons...

P P 22
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Diffraction @ ALICE

Signature Odderon cross section

l .
- - — Sl a—

Look at exclusive processes with rapidity gaps

Examples:
diffractive pseudo oY pgr
scalar and tensor -
meson production:
C = +1 states d

diffractive vector
meson production:
C = -1 states

—>  measure cross sections

Rainer Schicker, Uni Heidelberg EDSO07 conference, may 21-25, 2007, DESY

23
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Exclusive Processes

A clean gateway to new physics

24
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Central Exclusive Higgs Production ...

Central Exclusive Higgs production pp—=pHp : 2-10 fb (SM)

~10-100 fb (MSSM)

b .jet E.g. V. Khoze et al
/4 ADR et al.

M. Boonekamp et al
sap sap B. Cox et al.

H > h V. Petrov et al...
p %/Y\/\ﬁ p Brodsky et al.
\ Cudell, Dechambre

beam

o

roman pots

roman pots

25
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Exclusive Higgs Production
* For light Higgs, dominant decay mode is H — bE

* For inclusive production, the QCD bb background is
overwhelming

 For double diffractive production (2 tagged protons) there
is a J, = 0, parity even selection rule :

oL (04
H —bb measurements cancel each other in the 11, — U limit
2 /2
may become possiblell » Cross section suppressed as 777, / ET

where  E'p ~ My /2

Problem: exclusive production = mixture of perturb.+non-peturb. QCD
=Survival probabilitylll E.g. S= 0.04 at Tevatron and 0.02 at LHC (estimates)
= Theoretical uncertainties in the cross section...

20
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Exclusive Central Production —

Pi

P>

«Selection rules mean that central system is O*
=pinning down the quantum numbers

e CP violation in the Higgs sector shows up
directly as azimuthal asymmetries

 Tagging the protons means excellent mass
resolution (~ GeV) irrespective of the decay
products of the central system. LO QCD
backgrounds suppressed

*Proton tagging may be the discovery channel in
certain regions of the MSSM.

* Unique access to a host of interesting QCD
processes

Very schematically: exclusive central production is a glue - glue collider where you know
the beam energy of the gluons - source of pure gluon jets - and central production of
any O** state which couples strongly to glue is a possibility ...

27



Higgs Studies

Central exclusive production
Br(h/H/A—bb) ¢ (tb)

MSSM
tanf3 = 30

100 fb

1fb

" Standard Model

.i
'Q
'\
.\
A
.b
'\
.

© 120 140 3 (Gev)

h/H/A

Cross section SM Higgs
~2-3 fb

=Few 10 events after
experimental cuts with

~ 10 background events
for 30 fb-1

~ Factor 10 larger in
MSSM (high tanp)
=Few 100 events

Kaidalov et al.,
hep-ph/0307064

Note: This cross section calculation has a checkered history( 90's, early '00)
Since 2-3 years ago the Durham calculations have been confirmed/verified

28



T —

N events (3 years at 2x10"°cm?s™)

M

HM@*MSSM scenario: H—bb

(m.=120 GeV, tanB = 40,60 fb'") o©=20"fb

o/
14

12

l
Invariant mass
calculated with
the two protons

ts /1 GeV

llllllllllllllllT]I‘IBTl

1
t

TTTTTTT

ll| I '

A ] ' A e L
130 140 150
M (GeV)

A 'S l ' ' '
120

—
[ ) S
o
d.—
—
o,

Taking into account
acceptance, trigger
efficiencies efc.
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MSSM Scenario Studies

bb

130 GeV H—

Heinemeyer et al.
arXiv:0708 3052

:
L

I
> |
D!
o
0 |
=
N

1

1

I

I

I

)

t

!
240

220

180 200

160

o

ing{scenari

——————— ——— i — ————— — -
- -—
- —

140

-~
-

120

=
-
-
-

100

m, [GeV]

Contours of ratio of signal events in the MSSM over the SM
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T et 8 o o 80
lineshape analysis —

This scenario
heeds a mass
resolution of
about 1 GeV and
100 fb-1

J. Ellis et al.
hep-ph/0502251

Scenario with CP l

violation in the R I N
Higgs sector and S I O I Unique

ol v b bt b
116 118 120 122 124 126 128 130

tri-mixing T e

M PG layan [

This example shows that exclusive double diffraction may offer unique possibilities for
exploring Higgs physics in ways that would be difficult or even impossible 1n inclusive Higgs
production. In particular, we have shown that exclusive double diffraction constitutes an
efficient CP and lineshape analyzer of the resonant Higgs-boson dynamics in multi-Higgs
models. In the specific case of CP-violating MSSM Higgs physics discussed here, which 1s
potentially of great importance for electroweak baryogenesis, diffractive production may be

the most promising probe at the LHC.
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Measuring the Azimuthal Asymmetry

0~ " , 5 2
. 2aM dLum./dM"dyd¢ (S=1, y=0)
3 e 07 (=sing)
E ......................................... o | || .....................
0 0. .5 2 2.5 3
O

M dLum..x"szdqu)

S

=0 (=flat) e
] MRST99

- MRST99 (Qp> 1.3 GeV) rommmmmmseees

3 CTEQ6M -=======--
C11 1 L1 [N S SN M N Y T S A R BRI |
) o ‘ ‘ 2 2.5

5 0

Khoze et al., hep-ph/0307064

Azimuthal correlation
between the tagged protons

Allows to eg to differentiate
O* from O-

A way to get information
on the spin of the Higgs
=ADDED VALUE TO LHC

32
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Long Lived gluinos at the LHC

L —
Gluinos that live long and pass through the detectors (R-Hadrons)

10 P. Bussey et al
= 10 = S I CTEQBM + Scale 1
© T CTEQEM + Scale 2 heP Ph/0607264
102__ —— MRST2002 + Scale 1 mg (G (7,\;) Ting (Cﬂ‘\ ) ”;" (GeV) N
§ ----- MRST2002 + Scale 2 . \ —
- 200 2.31 (.19 145
10 B 250) 2.97 0.50 35.0
pp — p+ g +p 300 3.50 1.10 10.2
- 320 3.61 1.54 6.5
e 350 3.87 2.45 3.5
10" ) , ,
: Gluino mass resolution with 300 fb-!
Wl N\ | using forward detectors and muon system
Ei— 1 I L1 1 1 I L1 L1 I | L1 I .-‘.I-.‘“l | 1 \‘r‘*k 1 I.‘.I"'J 11

50 100 150 200 250 300 5
M. (Gev)  The event numbers includes acceptance

in the FP420 detectors and central

Added value detector, trigger..

Measure the gluino mass with a precision (much) better than 1%
33
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Exotics Anomalous WW Production?

Alan White: theory of supercritical pomeron— reggeized gluon+many
(infinite) wee gluons
color sextet quarks required by asymptotic freedom, have strong colour

charge, (at least) few 100 GeV constituent mass color color
triplets sextets
Sextet mesons — EWSB
u t U
UDD neutron dark matter candidate d S b D

Explain high energy cosmic rays, Knee?
Color sextet quarks couple strongly to W and Z and to the pomeron

Phenomenology: Anomalous production of WW when above threshold ie.
At the LHC (with possibly some onset already detectable at the
Tevatron K !

Unique for Central Exclusive Production

=Measure exclusive WW ,ZZ cross sections in DPE at the LHC
Expected cross section to be orders of magnitude larger than in SM

34




" Can we trust theory predicitions?
What can we learn Tevatron and early

LHC data ? m—

A lot of measurements performed at the Tevatron in the last
years to check central exclusive predictions

35



Possible Measurements at Tevatron ..

Processes
g+tg —Jet jet
g+tg—vy
9+*9—%b
9+*9—%c

Predictions for these
processes at tevatron
and LHC energies exist

36



Does High Mass Exclusive Production Exist2.

Results from the tevatron

A. Dechambre et al b-tagged dijet fraction
100 : | | | | /I'Z _ Ik-;/l | g 1.5___ DPE data (SVT)
0 N 12 - K2 . Vo[ [] systematic Uncertainty
AN j1? = 549/4 ; g% -
| RO - é 1‘_-—+—-—4—+— “ i """""""""""""""""""""
0 o1k 4 E
: i ] W’ 0.5 Ef(RAW) > 10 GeV _+_
0.01 F b N\ . i INjoel < 1.5
0001 L S~ 0 04 02 03 04 05 06 07 08 09 1
).001 : Rﬂ=?d"fo
00001 bt 1y Exclusive b-jets are suppressed
) 10 15 20 25 30 30 40 - .

= (Good evidence for exclusive production

= Results agree with the KMR calculations. Gives confidence for the LHC
37



Bl-phofon Production at the Tevatron

. . , eek end
PRL 99, 242002 (2007) PHYSICAL REVIEW LETTERS 14 D;CEhlgl;gglll)7

Search for Exclusive yy Production in Hadron-Hadron Collisions
Khoze, Martin and Ryskin, Eur.Phys.J. C23: 311 (2002) ; KMR+Stirling hep-ph/040903" , s O (E4>E,) b
Claim factor ~ 3 uncertainty ; Correlated to p+H+p > —— - =2

10*

361 mmp k>

—— 115

Tevatron

v —> vy & qq — yy much smaller )
] ] ET(},)>5C‘£V;IW)|<1-O 10"’5A --‘w“f*.. Sa e b
I eV
3 candidates, 2 golden, 1 ? z°z° ? cur ¢
. 12 36 fb > 0.8 events
O™ Note : 0 ey = 231020 |
New data, Lower threshold, possible “observatjon”

38



CDF measured exclusive yc = J/w + — utu-y

\

A /FH'

Co |,o="78+10+101b
dy
KMR (Duham) prediction :90nb . . .
. 8 & nothing else
Uncertaint y factor "several' X; 8 &Y in all CDF
7T4<]n<+74

l’l'-

Added to CDF: Beam Shower Counters BSC:
Scintillator paddles tightly wrapped around beam pipes.
Detect showers produced in beam pipes if p or p dissociate.

€8 p —)p]Z'+7Z'_ 8 + 10 counters

52<|n|<74

If these are all empty, p and p did not dissociate
(or BSC inefficient, could estimate from data)
but went down beam pipe with small (<~ 1 GeV/c) transverse momentum.

-50m
11— el ——1—1

central
BSC




What can we learn from early LHC data?. .

In fact we can learn a lot when studying events with rapidity gaps
.. and more when having access to scattered protons

Main uncertaintes

* Unintegrated PDF

* Sudakov suppression T
* Soft gap survival S

Y production

(a)

Y I A
W

Khoze et al, : ] y
Diffractive W production arXive:0803.3939 + l

|< ......... R ’l 40



I Can we do this experimem‘all;? -

The FP420 R&D effort

41
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FP420: Detectors at 420m

—
M2 = ;lgzs

Central Detector System
Where &, , are the fractional momentum

losses of the outgoing protons
Leading proton

e e
detector
420m 308 m 215 m
FP420 TOTEM
| (ATLAS/RP220)
£ 0815 Low p*: (0.5m): Lumi 10%3-10%4cm=2s~1
AT e 215m:  002<E<0.2
+ pf =i 300/400m: 0.002 < £ < 0.02
F Detectors in the cold region are
04 ! [L 2
r; needed to access the low € values
U e, W)  FP420 R&D Study

M, [GeV] 42



FP420 History

Higgs prod. with RapGaps: Dokshitzer, Troyan and Khoze ‘87

End of the 90's: interest growing in "diffractive Higgs
production”

Expected to be cleaner than incl. production. High cross
section predicted by Bialas&Landhoff, and Nachtmann et al.

Many groups get interested (Tel Aviv, Durham,...) and make
calculations of the central exclusive production process. K.

DCPT/02/58

Piotrzkowski on exclusive Higgs production in vy

)

R. Orava, ADR, Khoze,... write in 2002 a paper on the Higgs
measurement and experimental issues proposing detectors
at 420 m. Cross sections are still used to date.

- Ways to detect a light Higgs boson at the LHC

2

A. De Roeck”, V.A. Khoze"*, A.D. Martin®, R. Orava” and M.G. Ryskin®®

Aug

¢ CERN,

13

am, DH1 3LE, UK
188300, Russia

¢ Depar i Institute of Physics,

1/0207042v?2

December 2003: Forward physics meeting in Manchester
June 2004; Formation of the FP420 R&D collaboration
June 2005: LOI to LHCC CERN-LHCC-2005-025 ; LHCC-I-015
April 2008: R&D report of FP420 ready

Now in the hands of the CMS/ATLAS collaborations

arXiv:hep-pl

43



Schematic of Extremely High Precision Proton Spectrometer

24mm x8mm

120m of 8T dipoles
QUADS, SEBs

3-24 mm f

420m, dp/p ~ 0.01%

High precision

420m of vacuum pipe (~ 5um) BPM
120m of 8T dipoles

Precision ~ 5 pu m on track displacement “Small detectors” but
and ~ 1 p rad on angle w.r.t. beam. huge challenges!!

Also spin-off to other
applications

44



FP420

Detectors at 420 m from the IP to detect forward protons

L —

Replace empty cryostat with ATMs and "FP420" beampipe
containing tracking (silicon or other) and timing detectors

45



Detectors: Tracking/Timing ...

Tracking:
Proposed solution 3D dectors

Quartic (FNAL, Alberta, UTA) GASTOF (Louvain)

gastof™

o More than 50% of the photons arrive within the first 5 ps all the photons arrive within ~ 3 ps
Timing Detectors
QU artic an d G A STOF Burle 85011-501 with\?;S jum pores Hamamatsu R3‘899U-50 with 6 pm pores
Test beam FNAL 8t (G1) = 32ps 5t (G1) = 13ps
March 2007:

ot (Quartic) = 82ps / bar - 13 measurements / detector -> 23ps

CERN test beam July 08 — 40ps / bar Quartic -> 10ps

46



|

Fast Timing Detectors —

Check that p's came from same interaction vertex
(& as central tracks) ~ 10 ps

> tr

L

Fig. 120 Schenmmie drmwing of the test TOF counter. HPRK 1O 15
used as the MOP-PMT.

Expected to be particularly useful/essential at high luminosity



October 2007 Testbeam at CERN

FP420 test beam 10-16 October 2007

3D SENSORS
“blades”

o ! . \ ‘= . .
4 e » -"7-
MOVING TABLE =" \ - .

+ testbeam campaigns at FNAL for timing detectors

48



Low-x QCO .
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SATURATION

?

REGGE/PQCD

\

Parton Densities and Saturation

4

‘ Parton distribution in the proton ‘

H1 and ZEUS Combined PDF Fit
——rT—— — .

S
<

Qz = 10 Gevz ost — HERAPDFLO

- exp. uncert.
:I model uncert.

Q*= 10.0 GeV? |

PQCD

x = Bjorken's variable=
= fraction of proton's momentum
carried by struck quark
Q? = scale (resolution)

()

Parton saturation at low x?
Formation of hot-spots in

=LOW T

the proton?

50



Parton distributions —

Reconstruct x; and x,
X,=ps(ent+en?)/Vs

X,=p;(e +eM2)/Vs
NN / s 4p;

pt h ~ “ xs =S
Z 10GeV — © < 1077
L7 — eV —- 0 <
.- X ,\E xz\g o
4 2 2 P
Where will the
saturation: saturation happen?

Naive argument based
on geometry (Mueller)

x6(x,Q%) ~ 6 Q°

%xg(x, Q?) > 7R’
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Q* (GeV?)

10°

10%

10’

10°

10*

10°

10°

10' £

10°

Stirling et al.

Q=M

M =100 GeV

C )r — 6

4

Tt

F X, , = (M/14 TeV) exp(2y)

M=1TeV

Low-x at the LHC

M=10TeV

E M = 10 GeV

10~

fixed
target

10!

10°

LHC: due to the high energy can
reach small values of Bjorken-x in
parton densities g(x,Q2), q(x,Q?)

Processes:

Prompt photons
Drell-Yan

Heavy Flavours
W.Z production

If rapidities below 5 and
masses below 10 GeV can be
covered = x down to 10-6-10-7

Proton structure at low-x !l
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High Energy QCD

Strong interactions at large partonic center of mass energy s and
momentum transfer t, such that s>>|t| — region of the BFKL theory
— domain of small x

-BFKL equation resums multiple gluon

Study of
the parton

exchanged in t channel

resums o logl/x terms

‘It predicts a power increase of the cross ?VOIUT'OH
section | in the ladder
Tp—1, ]{n 1 !
‘BFKL effect not yet unambigeously TR ‘;
established in present data Tn-a, k- "
xg, ko !
BFKL = Balitski-Fadin-Kuraev-Lipatov M

Also called hard / pertubative /BFKL pomeron ‘
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Di-jets in pp scattering —

Measurements for low-x (BFKL) dynamics

P . o J. Stirling et al.

Je'|‘ - _""'..._',_”_M"l""["'"l""l"'[l"_
I N BPKL MC: i
A’rl 0.8 -_ — Tevatron, p, > 20 GeV —i
L = LHC, pp > 50 CeV |
Ny, LHC, pr > 20 GeV 5"']
& JCT A 0.6 — _'
Ay I /]
< i ]
n . i
3 0.4 F\\ gqqH. LHC: —
v I\ N— pr > 50 GeV 1
[ — pp > 20 GeV i
Azimuthal decorrelation between 02 = n
the 2 jets versus rapidity distance [ i
. ~_ - - I_I_Ll_[ . i __,__I - ]

between the 2 jets >0 4 6 6 10

Large An range needed
ﬁhe more forward coverage, the better...
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Forward Physics and Cosmic

:‘\ E xtensive Air Showers

‘.\

Rays
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High Energy Cosmic Rays -

-]
Primary Particle E Y p . Fe

w 35
nuclear interaction

Cosmic ray

K KOZ with air molecule¢ 30
//
T, T <—K\1/K—>7c 2 ShOWCI"S-
Wy .
o AV A M Dynamics of the
cascade e e e e & @ ‘ .
s, high energy
Cerenkov 15 ]\ .
| A
adiatr o particle spectrum
I i
10 It /i . .
SN W VRvsYs Y 8 is crucial
oo, v, ou pnTK e yeyyey e
nuclear fragments s
muonic component, hadronic electromagnetic
neutrinos component component

05 0 05 1 15 2 25 3

;E pp collisions at E, = 10" eV T e
% L most energetic baryon e QGSJETOL . .
- sz L Tnterpreting cosmic ray data depends
s on hadronic simulation programs
[ Forward region poorly know/constrained
0L Models differ by factor 2 or more
. . . . | | Need forward particle/energy measurements
0 0.2 0.4 0.6 0.8 1

e.g. dE/dn..




e

Connection to Cosmic Rays

N -~

[a—
)

I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| I IIIIIII| [ T TTTHE

vx £ ¥
v ga ¥ % "Knee"
* B A A v“:"Av Bﬁ’i: ‘?
++++ ;n

A Qﬂmﬂ

“‘ﬂg;a incident

Energy of

-
>
Q
O
0
7
- e %e. = | particles in
C\Ilw - ¢, Ankle" T - cosmic rays
s b oty *, -
Sk Tevatron ?’I’I*IaIIII Il
f% = |
AN
%0.1 — LHC —
B~ — T
QN — —
L |-
_I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII I IIIIIIII [ LLLE il Illlm

1011 1012 1013 1014 1015 1016 1017 1018 1019 1020 1021
E [eV/nucleus]

57



LHCf: an LHC Experiment for Astroparticle Physics

LHCf: measurement of
photons and neutral pions Pion x-distribution at 1047 oV pp interaction
and neutrons in the very forward — | - S
region of LHC

[ER .

Add an EM calorimeter at E men R
140 m from the Interaction ' |
Point (IP1 ATLAS)
For low luminosity running - | | IERE
am o -
| Fi
I. P (40maway) Detector I Detector IT
Tungsten INTERACTION POINT Tungsten
Scintillator IP1 (ATLAS) Scintillator
Scintillating fibers L Silicon pstrips

Beam line
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Particle response

400 GeV photon

1.2 TeV neutron

’ - '_ =5 . ;_‘_'.i- - B . R w9
1 o t v e | 1 %
i - i = I 1 —..1 5 3 i = L -
it o . oy oy
I e g - s . -
! -




Model Predictions: proton-proton at the LHC.

i | LI B | | LI I: lO L B I | T—rrr l T T I Trrr | T rr | Trr T I.I L LI B B
GSjet0] 3 - GSjet0] .
SIBYLL2.] —— ] - SIBYLL2.] ———
DPMIET 3 -------- ] [ DPMIJET 3 -------- ]
neXus 3 ------- | I neXus 3 -------
0.1 3 B
IO'3 - -

0.01 |

probability dP/dn
probability dP/dSE  (GeV™)

0.001

e
: ' N -
LT

0.0001 ""I'"'I""I""l""I""I""l""lii"il—l lo-;' PR T T U T N T T U W W T O U Y N W W T U Y W s N SO SN N
0 5 10 IS 20 25 30 35 40 45 50 l 0 500 1000 1500 2000 2500 3000 3500 4000
multiplicity n energy sum £E  (GeV)
total multiplicity in forward detector total energy in forward detector
5<n<7) (5<n<7)

Predictions in the forward region within the CMS/TOTEM acceptance
Large differences between models
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W

ish List from Cosmic Rays ...

Astro- & cosmic ray physics needs
R. Engel

Blois Workshop ‘03
particle combinations p-p, p-A, and A-B

total, elastic, and diffractive cross sections Forward

leading hadron distributions Forward

— minimum bias trigger
— fully inclusive (no need to distinguish between p and n)

— leading 7" distribution very important

general event features Forward+Central

— mean multiplicity and multiplicity distribution
— inclusive p | distributions Still valid requests!

— low-p | jets (inclusive & distribution) Some Cosmic ray people

— correlations: forward/central event features have joined LHC exper'imen’rs
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*

A
estimated point of interaction , estimated hadron
‘ production e 74 hadrons

50 215 m

estimated secondary
NLEractions so-eo wo

observed in
upper chamber ...« 1 e,r

6 hacrons

upper chamber

target tayer

wooden support

space 158 cm i

observed in
lower chamber ----- 43 hadrens

lower chamber

1em estimatad penetrating
through  -soee-iaaees

Chacaltaya experiment

A
22 hadrons

Possible explanations

* Exotic extraterestial glob of matter
* Diffractive firebal

* Disoriented chiral condensates

* Strange quark matter

Exotica: e.g. Centauros -

Table 2.2: Characteristics of Chacaltaya Centauros.

CHACALTAYA CENTAUROS

Centanro no. I I
Chamber no. 15 17 17 17 16

Observed in the chamber

N- 1 - . . -
Nynid - 5 26 6l 34
Np 19 32 37 38 31
SE)[TeV] 222 179 169 144 167
SB[ TeV] 231 203 270 286 285
Q 0.96 0.88 0.63 0.50 0.59
0.72°

Events with essentially no
electromagnetic component
(large average pt/particle
and long penetrating showers)

Significant???
Never seen at an accelerator
..sofar.



Summary

LHC is coming on-line: expect the first 10 TeV collisions by early 2010
- Use the first data to look for soft/hard diffraction signatures
- W, Jets production
* Exclusive production eg Y (and J/v) production
* Measure the gap survival probability at the LHC for several processes
Exclusive measurements of Higgs/New physics with additional detectors (FP420/RP220)
Forward physics @ LHC came a long way during the last yearsl!
- Detectors are extending the coverage in the forward direction
- TOTEM and LHCf are special forward physics experiments
- Common physics program between CMS and TOTEM still in the plan
Still many open questions in diffraction/forward physics
- The dynamics of the rapidity gaps
- The structure and dynamics of diffractive exchange
- The dynamics of QCD at small x values
- New phenomena?

Forward physics and diffraction by now "“in the blood" of the experiments.
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