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Physics program with proton taggers

Two-photon interactions

- Absolute lumi calibration, calibration of FPS

Diffraction
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- Factorization breaking in hard diffraction
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Zem‘r‘al Exclusive Diffraction: Higgs production

1) Protons remain undestroyed and can be
detected in forward detectors
b, W, tau 2) Rapidity gaps between leading protons
and Higgs decay products
b, W, tau

2, Advantages:
xf:__F ) Roman Pots give much better mass
resolution than central detector

Pile-up is issue for Diffraction at LHC! | Il) Jz =0, CP-even selection rule:

- strong suppression of QCD bg

[CMS-Totem : Prospects for Diffractive and Fwd physics at LHC] - produced central system is O+
g .JI:_ S — l1l) Access to main Higgs decay modes:
R - . bb, WW, tautau — information about
Log S/B,, Yukawa coupling

o Disadvantages: Large Pile-up + Irreducible
BG, Low signal x-section

f

FTer= “Zpinace  scormlcui s bl SM Higgs discovery challenging: low

Offline cuts . | vield MSSM
But can be kept under control ! signal yield — try
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Wyv and vYp physics via forward
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Forward detectors at LHC —

TOTEM -T2 CASTOR ZDC/FwdCal TOTEM-RP FP420
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" Proton taggers for high luminosity

TOTEM-RP FP420

140 m 147/m -220m
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FP420 R&D Collaboration

}f

« Spokes : Brian Cox (Manchester, ATLAS) and Albert DeRoeck (CERN,CMS)

« Technical Co-ordinator : Cinzia DaVia (Manchester)

The Um\{crsit
of Manchester

Collaboration : FNAL, The University of Manchester, University of Eastern Piedmont,
Novara and INFN-Turin, The Cockcroft Institute, University of Antwerpen, University of
Texas at Arlington, The University of Glasgow, University of Calabria and INFN-Cosenza,
CERN, Lawrence Livermore National Laboratory, University of Turin and INFN-Turin,
University of Lund, Rutherford Appleton Laboratory, Molecular Biology Consortium,
Institute for Particle Physics Phenomenology, Durham University, DESY, Helsinki Institute
of Physics and University of Helsinki, UC Louvain, University of Hawaii, LAL Orsay,
University of Alberta, Stony Brook University, Boston University, University of Nebraska,
Institute of Physics, Academy of Sciences of the Czech Republic, Brookhaven National
Laboratory, University College London, Cambridge University

R&D phase has just ended. R&D report published, hep-ex/0806.0302

Roman pot upgrade at 220m with additional horizontal pots

France : Saclay, Paris 6 Michigan State Univ.

Czech Republic : Prague Univ. of Chicago, Argonne (timing det.)
US : Stony Brook
Poland : Cracow

Germany : Giessen

‘ FP420 and RP220 ATLAS projects have merged into the AFP project. The Lol has just been produced.
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How to measure the protons

M2 =g E,S

Central Detector System
Where g, , are the fractional momentum

losses of the outgoing protons
Leading proton
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Acceptance for RP220 and FP420 at ATLAS

xi-t acceptance +z |

Mass of Higgs (GeV)
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AY |mm|
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Acceptances at 220m and 420m at ATLAS
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220 m:

Detector 2cm x 2cm
Thin window 200 um
Dead zone 50 um

100 to beam:
Beam 1: 0.010<¢<0.15
Beam 2: 0.012<¢<0.14

150 to beam:
Beam 1: 0.014<¢<0.15
Beam 2: 0.016 <{<0.14 12



. Integration into LHC structure

E 15F £=0,0.005,0.010,0.015,0.020 | : g - £=0,0.001. 0.002, 0.003, 0.004
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420 m:

Detector location and placement

SE—————— |
Position and timing detectors in horizontally moving beam pipe

and Vertical Roman Pots for alignment and calibration of position
detectors in horizontal movable beam pipe, http://cern.ch/projects-rp220

Position and timing detectors in horizontally moving beam pipe

placed in a new connection cryostat.

R&D phase just ended with a complete cryostat design and a prototyped,
tested concept for high precision and high radiation resistive detectors.
R&D report: hep-ex/0806.0302, http://www.fp420.com
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Movable beam pipe (Hamburg beam pipe) technique use
to and from the beam in horizontal direction.

First used at PETRA collider, then proven to be viable at ZEUS (for e-tagger)
Takes less space than Roman Pots

It will host position as well as timing detectors at 220 and 420 m.

Current design for the 420 m region:




[ —
Position detectors

;___—‘
The same requirements for 220 and 420 m regions:

Close to the beam => edgeless detectors
High lumi operation => very radiation hard 3D Silicon
Mass resolution of 2-3% => 10-15 ym precision
Suppress pile-up => add fast timing det.
ATLAS, 1.5 mm (220) and 5 mm (420) from beam
2 75 (c) Combined Reconstruct the central mass from from
O b () + Smear meas. ang: Zirad -
~ 6] g. 2u the two tagged protons (from their
= sf trajectories and incorporating experim.
= F uncertainties):
8 af ' ©
% 3_ &) Beam en.smearing o= 0.77 GeV
é B Beam spot smearing o, , = 10 ym

21 Detector x-position resol. o, = 10um

1_ Detector angular resolution =1, 2 yrad

E Lo by b by v by g L

I|III|III|III|III L L L I|I
0740 60 80 100 120 140 160 180 200 220 240

Mass of Higgs (GeV) [P.Bussey, FP420 TDR]
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3D Silicon Detector Development

3D versus planar "

Manchester/Stanford/MBC
3DC Collaboration

Transfer to Industry in
progress — SINTEF
- b

Also support from Bonn/LBL/Prague
Note: 3D ATLAS R&D Collaboration forming

V

dep

3D planar

«b-10V  b0O-70V

Q yy 24000e 24000e-

C

40-80fF BO-200fF
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The Universi
of Manchest

MANCHESTER

[ )
FP420 Silicon Detector Stations f:

| 80mm

7.2 mm x 24mm (7.2 x 8 mm2 sensors)

FP420 Mask

18



3D Si detector layout for 220 m region

Vertical pots Herizontal pot 216m Horizontal pot 224m
0.3mm 0.5mm
5 ® ®
mm -1.2mm -1mm
=8mm
=10mm
“14mm =15 mm
0.9mm 21mm 0.5mm 20mm

' 10 layers
I I ?.Emm/[ J B xy+ 2 triggers

—

8mm I

detectors staggered I
by 25 and 100 pm




3D Si detectors in horizontal section at 220 m

Cuiadim~ ED AN o m Al o
cXiSTinyg rr 4cv moadies

No dead zone with

100um Y , and 3mm X overlaps

5

'g -
Zr

for AE=0.02 steps in&
fort = 0 and -0.05 GeV-

Integration:
Expertise at Manchester

FP420: Scott Kolya

Ray Thompson

< 240 mm

J-F Genat, RP220 Prague Meeting, Jan 24-25th 2008
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v
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mm
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Fast timing detectors

Diffraction makes up 20-30% of oo diffractive p’s from pile-up fake signal diffr. p’s
Example of H->bb: overlay of 3 events (2 SD + non-diffr. dijets) fakes signal perfectly and
with prob. 1019 x higher than signal. Can be reduced by fast timing det.

§ 1§)ccupancy_420 =1.0% § 1:Occupancy_220 = 3.1 % 1 Ops (2-3mm) reso"
& i may separate different
o 10t Q107 -
o e - 7 vertices l
§__10-2 :chl_lo.z
g gL BG Rejection up to 40
E . P.U mi?(ing o e PU mixing
8 10-4 E ts)il:q(:)rlr;lal "qo: 10—4 lS)iiPnorréial
5 -~ 13,10 ps (Lo cup 5 - 15,10 ps (1o cut UTA, Louvain, Fermilab, Saclay,
Sl Lo b b b b b Ly =3 N I T T T T T A H
¥ 5 10 15 20 25 30 35 107551615 20 25 30 38 Stony Brook, Chicago, Alberta, Argonne
Nr. of PU events per BX Nr. of PU events per BX
Aluminium ; Test beams indicate:
| 10-20 ps by Gastof
Cerenkov gas Quartz 20'30 pS by Quartz
Proton o

Disadvantage of Gastof: no space resol

Future: 1-2 ps? Space resolution?
Combination of Gas and Quartz

Key point: yield of photoelectrons 21



CED H—bb using Forward Proton Tagging

| h—bb, mhmax scenario, standard ATLAS L1 triggers, 420m only, 5 mm from beam

Huge Pile-up bg for diffractive processes: overlap of three events (2* SD + non-diffr.
Dijets). Can be reduced by Fas‘r Timing detectors: t- resol r*equur'ed 2 ps for high lumi!

oo | JHEP 0710:090,2007 § *-
2 b 10 pS R
§ s o 120 GeV, tanB 40 |3 40
H L %%bwgm gi
: - 3 years at g s
B Blsgh g Sl o 0 I e 2 o0k
A e N AT 2x1033cm-2s-1

2f 10

' . o

e e e lpa ottt 3 yrs at 103%cm-2s-! sbq—ge———g——k k%"

M (GeV)

® ©
=
o
o
=

roOR

S m

g [ 3mm(420) + 1.5mm(220 §
% 7 ------ 5mm(420) + 1.5mm(220 e (Assume 220"\\ C 15;
fgp——— 1 | Pots at L1 i
? of | High signific. for % :z
of detectors close :
A %o beams J =
43 N i

PR I L W N N TN N Y [ T Y S o SN 1 TSI
8 ] 10 100 110 120 130 140 150
Luminosity x10°° em? ™ M(GeV) -

(S
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Level 1 Trigger

e —

FP420: cannot be put directly into L1 — only in special runs with larger L1 latency
available triggers: 2j, u (L1 threshold for 2u is 6 GeV), e, j+lepton

- “-triggers can save up to 20% Luminosity | Non-diffractive reduction by FP420
_ (x10%) | without QUARTIC | with QUARTIC
of bb signal 1 2.7x 101 6.8x10°°
. . : E Ry 103 1E —14 A.Pilkington,
- WW signal saved by lepton triggers J 28 107 Lox 107 I::p420] I
D l.8x10* 4.6x10
10 8.1x 102 2103

RP220: Can be put into L1!

Double-sided RP220: retains events with M, >160-200 GeV

Single-sided RP220: allows asymmetric 420+220 events

pile-up events per bunch X-ing
0 5 10 15 20 25 30 35

L1 trigger for CED H->bb, M,~120 GeV:

1) Single-sided RP220 .and. 2 jets E;>40 GeV
2) Exclusivity: (Eqje1+Eqjet2)/Eror > 0.9

3) Mom.conservation: (Ngy+N;et;) Nrp22o > 0
4) §, <0.05 .or. §, <0.05

L1 rate [kHZz]
=
o

-
o
TTT T T T TTT1TT

.Kupco,
20]

2jets with ET>4OGeV

Output rate of this trigger ~ 1kHz up to 2*1033cm-2s-1 — 1; — :;l:;tzz :T:r;;o
L2, L3: add info from FP420 and fast timing det. i + £ < 0.05
g [ TS T NSRS N N N SR MR

1 | | 1 1 ‘
0 20 40 60 80 100
[M.Grothe et al., CMS Note 2006-054] L[10% cm2s 23



[ ]
FP420 Alignment 1::

CLIC BPMs + wire positioning
system : aim for 10 microns
relative to beam

Ll EE
/ \ J—

| -
e — . e B e et st = 111
= Hamburg pipe =N LHC beampipe
>/ .
q, @ 1033 cm-2s-1 with standard ATLAS
/T triggers, have ~ 30 di-muon events / fill
in FP420 acceptance
q- l See also P. Bussey Talk — Manchester Dec 06
hp Thanks to Lars Soby, Rhodri Jones, Helene Mainaud-Durand,

Andreas Herty and Robert Boudot
24



Mass reconstruction

At IP5 (CMS)

Misalignment impact on Higgs mass reconstruction

% § E,.. With Hector — "MQXA.1R5" shifted by 0.5mm
g L — MC particles
w — —— No misalignment (114.7 = 1.6 GeV)
1 03 — ——— Misalignment (108.6 = 1.7 GaV)
— n Misalign + beam pos corr. (112.4= 1.6 GeV)
Z 1 | B Misalign + calibration (114.8+ 1.6 GeV)
102
- Louvain
B Photon
10 Group (CMS)
1E
':||||| 0 H Y T I T R T G Y O
95 100 110 115 120 125 130 135

Reconstructed Higgs Mass (GeV)

25



Alignment/Calibration at 220 m

Alignment/Calibration must be done store-by store. Try elastic events:

AY [mm]

o & A M O N B O D

3 102 Islam
- --= 100 contour _ Accept. starts at: p;=3 GeV in horiz. dir. £ o
- —  Ppy=2 GeVinvertical dir. 5 10 T I
3 — 8w e
- Huge differences between models §._;o
= at such high t! D
- it 2-step procedure
2 . Assuming 50% detector efficiency and taking
- 216m Islam (most optimistic) model
- Beam 1 / 1) Align vertical Roman Pots wrt beam
- 1GeVstepsinp, Detector distance from beam 100+250um:

AY [mm]

8 6 4 2 0 2 4 6 8 (corresp. to p;~2 GeV in vertical dir.)
AX [mm] ~5000 events/day in vertical dir.

C | /~1 event/day in horizontal dir. E
— ! ! — 10
- . >
. o i“‘ 150+250um (p~3 GeV in vertical dir.): =
- ~50 events/day 5

No overlap between horizontal and vertical

| 2) Align horizontal wrt vertical
---------------- Overlap in SD: statistics is huge (+halo)
3 0sp~12mb->10"2events/store
Acceptance for the overlap:
U S R S 10 0.0_2°_/o for 100, 0.005°/_o for 150 in vert.dir. R o 5 : 0
AX [mm] Precision of 5-10pm with 100 elast.event: pogsition of vert.RP not fixed AX [mm] 26
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Summary and Timetable -

AFP = 220 m: horizontal movable beam pipe for position and timing detectors

plus vertical Roman Pots for alignment/calibration
420 m: movable beam pipe for position and timing detectors inside a new

connection cryostat

Position detectors at 220 and 420 m: 3D Silicon

Timing detectors: a few ps needed to reject pile-up bg at high lumi

Time scale:

- Brian’s introductory talk today at ATLAS week in Bern

- Lol ready to be distributed to ATLAS immediately

- If accepted by ATLAS, Lol will be submitted to LHCC

- If accepted by LHCC, this would lead to TDR from ATLAS to LHCC in Winter 2008

Test beams at Fermilab (June), at CERN (June, September)
Developments in 3D Silicon and fast timing detectors very useful for other projects
in particle physics and medical applications

220m and 420m tagging detectors have the potential to add significantly to the
discovery reach of ATLAS for modest cost, particularly in certain regions of MSSM.
Besides the discovery physics, there is a rich QCD and EW physics program

27
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Rad lation Hardness Cinzia DaVia — Hiroshima Conf. 2006

1.8 x 10'%p/em? =

EKIDIE D_fﬂmz : . Pl B O . T Te1 _". _-I
! 1U years SLHL aTt 1U%cm =57

10 years LHC at 10** em2s-!

At r=decm HH At r=dem
Fluence [p.l'cmE] d
15 16 - 18 16
0 810 1610 -~ 2410 3.2 10
100 T ! — !
L i a |
BO [oy-{-eoreeer b oo s —
)
= H '_'_' 30 silicon Ei DiaVig et a. March ‘T'IE
@ : ! !
E : \{/f [éliam{-r o W Adar“flt al.
o .. P SN r~;uru1A HEE (20 3?3 :;%-293
O T L S S S B e—
= . : N :
« . P~ P
|_§T| R : ! i - L T e _
20 oo | -------- emmmm e | ------ | e
n-on-p girips P. A ;':-«:nr. et al. E ]
IEEE THIS 52 (2005) 1803 i = — _ _
0 i i €. Da Via'/ Aug.0¢
0 510" 110" 1.5 10" 210"

Fluence [n/cm?]
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RP220 in L1

izl o e Diffractive Trigger

g planes pixels /Roman Pot
o position 10 microns
ghme <5 psec

Front end
PA

SH Left
Pretrigger ATLAS detector

XA -xB =0

LR Trigger Logic

— «LP AND RF
+850 ns (air cable) “TR-TL

2 Jets with
Fi> 40 Gevic

LAS standard

HLT Tri er Refined Jet Pt cut
99 Vertice within millimeter

ROB Atime <5 to 10 psec

27-Nov-07 ATLAS Standard
A0 nov 2006

[P. Le Du, RP220]




Machine induced background

;__4

» 20000 momentum cleaning events at IR3 collimators
» Track emerging off-momentum halo protons

» Count hits at FP420 location in x,x",y,y',dp/p until when all protons
are absorbed at collimators or other aperture limits (NOT FP420)

* I'll show plots for FP420 IP5 | Baishev, F. Roncarolo, K. Potter
T F Horizontal beam profiles for nominal
> "k beam optics and momentum spread
L=
o.sf— —
F Opeamt = 290 um
o— —
asf- Tbeam = 180} I —Beam 1
hi: z‘”oTF | \ | | |—Beam 2
-12_ - : : : : : |
25 Ll 10° = . e Arbitrary

~ amplitude
“ normalization

10°
RP220: SIGNAL/Background ~ 10
10’

RATE EVOLUTION WITH CUTS [MD2005]

Particle flux in [Hz] 10°
p n Tt - et e v "
Pot at 1 :
220m 344 174 616 406 4630 3361 9.4x10* 2



