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P ro ct to install rom an pot detectors at 220 m in
ATLAS

C hristophe R oyon

DA PN IA /Service de physique des particules,
CEA /Saclhy, 91191 G ifsurY vette cedex

W e give a short description of the projct to install rom an pot detectors at 220 m
from the interaction point in ATLAS. This profct is dedicated to hard di ractive
m easurem ents at high lum inosity.

1 Introduction

The m otivation to install rom an pot detectors at 220 m within ATLA S is quite clear. It
extends nicely the profct of m easuring the total cross sections using rom an pots at 240 m
[21by m easuring hard di raction athigh Ium inosity n ATLAS in the LHC .Aswew illsee in
the ©ollow Ing, it is also com plem entary to the FP 420 pro Bct which ain s at tagging protons
at420m .

T he physics m otivation of this pro fct corresponds to di erent dom ains of di raction:

A Dbetter understanding of the inclusive di raction m echanisn at the LHC by studying
in detail the structure of pom eron in temm s of quarks and gluons as it was done at
HERA [3]. O fgreat in portance is also the m easurem ent of the exclisive production
of di ractive events [4] and its cross section in the Ft channel as a function of gt
transverse m om entum . TIts understanding is necessary to control the background to
H iggs signal.

Looking for Higgs boson di ractive production in double pom eron exchange in the
Standard M odel or supersym m etric extensions of the Standard M odel [B]. This is
clearly a challenging topic especially at low H iggsboson m assesw here the H iggs boson
decays in b and the standard non-di ractive search is possible. W e w illdetail iIn the
follow ing the trigger strategy.

Sensitivity to the anom alous coupling of the photon by m easuring the Q ED production
cross section of W boson pairs. Thism ight be the best way to access the anom alous
coupling before the start of the IL.C .

P hotoproduction of gts
O ther topics such as looking for stop events or m easuring the top m ass using the
threshold scan m ethod [@]which willdepend strongly on the production cross section.

0706.1796v1 [physics.ins-det] 12 Jun 2007
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2 Rom an pot design and location

W e propose to installrom an pots N ATLA S at 216 and 224 m on each sideofthemain AT —
LA S detectors. T he pro fct is a collaboration betw een the physics nstitutes and universities
ofPrague, C racow , Stony Brook,M ichigan State University, LPNHE (Paris6),G ifessen,and
in addition the University of C hicago and the A rgonne N ational Laboratory for the tin ing
detectors.

O n behalf of the RP 220 C ollaboration
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T he rom an pot design follow s as close as possible the design which is currently used by
the TOTEM collaboration and the Lum inosity group of the ATLA S collaboration which
ain s atm easuring the total cross section using rom an potsat 240 m . The only di erence is
thatweonly need the horizontalam sand not the verticalam s since hard di ractive protons
are scattered horizontally. W e will follow the TOTEM experience to buid the rom an pots
in Vakuum Praha and to use the sam e technics for the step m otors and the LVD T system .

A ssum Ing one can go down to 10 (resp.
15) from the beam center, it is possi-
ble to m easure protons with > 0:01, and

> 0:012 on each side of ATLAS (resp.
> 0014, > 0:016) where is themo—
mentum fraction of the initial proton car-
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ried away by the Pom eron [7]. T his can be 60
translated in m issing m ass acceptance as i 50
lustrated n Fig 1. The m issing m ass ac— 40
ceptance using only the 220 m pots starts 30
at 135 G &V, but increases slow Iy as a fuinc- 20
tion of m issing m ass. It is clear that one 10

needs both FP420 and RP 220 progcts, or
in otherw ords the possibility to detect scat-
tered protons at 220 and 420 m to obtain a
good acceptance on a w ide range of m asses
since m ost events are asym m etric (one tag
at 220 m and another one at 420 m ). The
precision on m ass reconstruction using ei-
ther two tags at 220 m or one tag at 220 m
and another one at 420 m is of the order of
23 % on the fullm ass range. T his show s the advantage of this m easurem ent which allow s
to give a very good m ass resolution on a wide range of m asses, and thus to detect H iggs
bosons at low m asses decaying into Ib. The idea is to enhance the signal over background
ratio by bene tting from the good resolution of the detectors and the suppression of the b
Bt background due to the J, = 0 suppression rule for b gt exclusive production.
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Figure 1: R om an potdetector acceptance asa
function ofm issing m ass assum ing a 10 op-
erating positions, a dead edge for the detector
of50 m and a thin window 0of200 m .

3 D etector inside rom an pots

W e propose to put inside the rom an pots two kinds of detectors, nam ely Silicon detectors
to m easure precisely the position of the di racted protons, and the m ass of the produced
ob Ect, such as the H ggs boson, and , and precise tin ing detectors.

T he position detectors w ill consist in either ve layers of Silicon stripsof 50 m and two
additional layers used for triggering, or 3D Silicon detectors if they are available industrially
by the tin e we need to Instalthe rom an pots. If the Silicon strip option is chosen, there w ill
be four di erent orientations, namely X ,Y ,U,and V (U and V being orientated w ithin 45
degreesw ith respect to X and Y ). T he strip size w illbe 50 m and the detector size about 2
an , which allow s a m easurem ent up to 0:15. The Silicon strip detectors w ill be edgeless
which m eans that the dead edge w ill be of the order 0of 3050 m so that we can m ove the
detector as close to the beam as possible w ithout losing som e acceptance due to the dead
edge. T he detectors w ill be read out by the standard ABCN ext chip being developped in
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Cracow for the Silicon detector of ATLA S.The latency tin e of the ABCN ext chip is of the
order of 3.5 swhich gives enough tim e to send back the local L1l decision from the rom an
pots to ATLA S (see the next paragraph about trigger for m ore detail), and to receive the
L1 decision from ATLA S, which m eans a distance of about 440 m . Tt is also foressen to
perform a slight m odi cation of the ABCNext chip to include the trigger possibilities into
the chip. The other option is to use 3D Silicon detectors using the sam e readout system

as before (A BCNext chip). These detectors use a lateral electric eld, instead of vertical in
conventional planar techniques. Holes of the order of 10 m crossing the full thickness of
the detector are lled w ith a conductivem edium in order to collect the ionisation (electrons
or holes) depending on the applied bias. Both kinds of options w ill be tested in Prague
and in Saclhy using the full electronics chain (including the ABCNext chip) and a laser
or a radioactive source. Beam tests at DESY or CERN are also foreseen. It is planed to
install the rom an pot together w ith the Silicon detectors during a shut down ofthe LHC in
2009-2010.

The tin Ing detectors are necessary at the highest um nosity of the LHC to identify
from which vertex the protons are com ing from . It is expected that up to 35 interactions
occur at the sam e bunch crossing and we need to dentify from which interaction, or from
which vertex the protons are com Ing from . A precision of the order of a few mm or 5-
10 ps is required to distinguish between the di erent vertices and to m ake sure that the
di racted protons com e from the hard interactions. P icosecond tinm ing detectors are still a
challenge and are developped in a collaboration betw een Saclay, Stony B rook, the U niversity
of Chicago and A rgonne N ational Laboratory for m edical and particle physics applications.
T he proton tim ings w illbe m easured In a crystalof about 2.5 an located inside the rom an
pots, and the signalw ill be read out by M icro-C hannel P lJates P hotom ultipliers developped
by Photonis. The space resolution of those detectors should be of the order of a few mm
since atm ost tw o protons w illbe detected in those detectors for one given bunch crossing at
the highest um inosity. T he detectors are read out w ith a C onstant Fraction D iscrin inator
which allow s to in prove the tin ing resolution signi cantly com pared to usual electronics.
A rst version of the tim Ing detectors is expected to be ready In 20092010 w ith a worse
resolution of 4050 ps, and the nalversion by 2012 w ith a resolution of 5-10 ps.

4 Trigger principle and rate

In this section, we would like to give the principle of the trigger using the rom an pots at
220 m aswell as the rates obtained using a sin ulation of the AT LA S detector and trigger
fram ew ork.

T he principle of the trigger is shown in Fig. 2 in the case of a H iggs boson decaying into
Ibasan exam ple. The st level trigger com es directly from two di erent Silicon strip layers
in each rom an pot detector. Tt ism ore practical to use two dedicated planes for triggering
only since it allow s to use di erent signal thresholds for trigger and readout. The dea is to
send atmost ve strip addresses which are hit at level 1. A local trigger is de ned at the
rom an pot levelon each side of the AT LA S experin ent by com bining the two trigger planes
in each rom an pot and the rom an pots as well. If the hits are found to be com patible (not
issued by noise but by realprotons), the strip addresses are sent to ATLA S, which allow s to
com pute the ofeach proton, and the di ractive m ass. T his inform ation is then com bined
w ith the inform ation com ing from the centralAT LA S detector, requesting for instance two
Bts above 40 G&V in the case shown In Fig. 2. At L2, the Inform ation com ing from the
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L Npp Per 2—gt RP 200 < 0:05 Jet
Er > 40G &V bunch rate [kH z] reduction | reduction | Prop.
crossing | [an 2 g factor factor
1 10*7 0.35 26 120 300 1200
1 10% 35 26 89 22 88
2 10% 7 52 42 9.8 392
5 10% 175 130 19 39 15.6
1 10 35 260 13 22 8.8

Table 1: L1 rates for 2=t trigger with E; > 40G &V and additional reduction factors due
to the requirem ent of triggering on di ractive proton at 220m , and also on Pt properties.

tin Ing detectors foreach di racted proton can beused and com bined w ith the position ofthe
m ain vertex of ATLA S to check for com patibility. O nce a positive AT LA S trigger decision
is taken (even w ithout any di racted proton), the readout inform ations com ing from the
rom an pot detectors are sent to ATLA S as any subdetector.

T he di erent trigger possibilities for the rom an pots are given below :

Trigger on DPE events at 220 m : This is the easiest situation since two protons
can be requested at Levell at 220 m . T hree di erent options are considered:
—trigger on high m ass H iggs (M > 160 G&V ) given by AT LA S directly (decay in
WW ,22),

— inclusive trigger on high m ass ob ject by requesting two high pr Fts and two
positive tags in rom an pots,

—trigger on jts (high pr ptsgiven directly by ATLA S, and low pr Pt special trigger
forQCD studies highly prescaled).

This con guration will not rise any problem concerming the L1 rate since m ost of the
events w ill be triggered by AT LA S anyway, and the special di ractive triggers w ill be
for Q CD m easurem ents and can be highly prescaled.

Trigger on DPE events at 220 and 420 m This is them ost delicate scenario since
the inform ation from the 420 m pots cannot be included at L1. The strategy is the
follow iIng (see Table 1):

—trigger on heavy ob jects (H ggs...) decaying in bbby requesting a positive tag (one
sideonly) at 220 m with < 005 (due to the 420m RP acceptance in , the proton
mom entum fractional loss In the 220m rom an pot cannot be too high if the H iggs
m ass is an aller than 140G eV ) , and topological cuts on Fts such as the exclusiveness
of the process ((E jet1 + Ejer2)=Ecar > 09, (1 + 2) 220 > O,where i, are the
pseudorapidities of the two L1 Fts, and 2, the pseudorapidity of the proton in the
220m rom an pots). This trigger can hold w ithout prescales to a lum nosity up to
2103 an ?s T,

- trigger on Jts (single di raction, or double pom eron exchange) for Q CD studies:
can be heavily prescaled,

- trigger on W , top... given by ATLA S w ith lepton triggers.

Let us note that the rate will be of the order of 1 Hz at L2 by adding a cut on a
presence of a tag in the 420 pots, on tim ing, and also on the com patibility of the
rapidity of the central ob Fct com puted using the gts or the protons in rom an pots.
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Figure 2: Principle of the L1 trigger using rom an pot detectors at 220 m in the case of a
H iggs boson decaying into Ido.

In this short report, we described them ain aspects of the pro fct to install rom an potsat
220m within AT LA S: Silicon detectors, m easuram ent of the proton tin ings, and the trigger
properties. This profct is ain ed to be proposed to ATLA S and the LHCC together w ith
the FP 420 one.

R eferences

[1] Slides: http://indico.cern.ch/contributionDisplay.py?contribId=100&sessionId=7&confId=9499
[2] AT LA S lum inosity pro gct, http://atlas—project-lumi—fphys.web.cern.ch/atlas—project—lumi-fphys/

[3] C.Royon,L.Schoe el,R .Peschanskiand E . Sauvan,Nucl.Phys.B 746 (2006) 15;C .Royon,L.Schoef-
fel, S. Sapeta, R . Peschanskiand E . Sauvan,arX ivhep-h/0609291 and references therein.

[4] O Kepka,C .Royon, preprintiarX v:0704.1956

[5]1 M .Boonekam p, R . Peschanski and C.Royon, Phys. Lett. B 598 (2004) 243; M .Boonekamp, A .De
Roeck, R . Peschanskiand C.Royon, Phys. Lett. B 550 (2002) 93; V.A .Khoze, A.D .M artin and
M .G .Ryskin, Eur.Phys.J.C 23 (2002) 311, Eur.Phys.J.C 24 (2002) 581.

[6] M .Boonekam p,J.Camm in,S.Lavignac,R .Peschanskiand C . Royon,Phys.Rev.D 73 (2006) 115011
[7] ATLA S note about RP 220 profct, to be subm itted

D IS 2007


http://arxiv.org/abs/hep-ph/0609291
http://arxiv.org/abs/0704.1956

	Introduction
	Roman pot design and location
	Detector inside roman pots
	Trigger principle and rate

