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Project to installrom an pot detectors at 220 m in

AT LA S
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�

DAPNIA/Servicede physiquedesparticules,

CEA/Saclay,91191 G if-sur-Yvette cedex

W e give a short description of the project to installrom an pot detectors at 220 m

from the interaction point in ATLAS.This project is dedicated to hard di�ractive

m easurem entsathigh lum inosity.

1 Introduction

The m otivation to installrom an pot detectors at 220 m within ATLAS is quite clear. It

extendsnicely the projectofm easuring the totalcrosssectionsusing rom an potsat240 m

[2]by m easuringhard di�raction athigh lum inosity in ATLAS in theLHC.Aswewillseein

thefollowing,itisalso com plem entary to theFP420 projectwhich aim sattagging protons

at420 m .

The physicsm otivation ofthisprojectcorrespondsto di�erentdom ainsofdi�raction:

� A betterunderstanding oftheinclusivedi�raction m echanism attheLHC by studying

in detailthe structure ofpom eron in term s ofquarks and gluons as it was done at

HERA [3]. O fgreatim portance isalso the m easurem entofthe exclusive production

ofdi�ractive events [4]and its cross section in the jet channelas a function ofjet

transverse m om entum . Its understanding is necessary to controlthe background to

Higgssignal.

� Looking for Higgs boson di�ractive production in double pom eron exchange in the

Standard M odelor supersym m etric extensions ofthe Standard M odel[5]. This is

clearly achallengingtopicespecially atlow Higgsboson m asseswheretheHiggsboson

decaysin b�band the standard non-di�ractivesearch ispossible.W e willdetailin the

following thetriggerstrategy.

� Sensitivity totheanom alouscouplingofthephoton by m easuringtheQ ED production

crosssection ofW boson pairs.Thism ightbe the bestway to accessthe anom alous

coupling beforethe startofthe ILC.

� Photoproduction ofjets

� O ther topics such as looking for stop events or m easuring the top m ass using the

threshold scan m ethod [6]which willdepend strongly on theproduction crosssection.

2 R om an pot design and location

W eproposeto installrom an potsin ATLAS at216 and 224 m on each sideofthem ain AT-

LAS detectors.Theprojectisacollaboration between thephysicsinstitutesand universities

ofPrague,Cracow,Stony Brook,M ichigan StateUniversity,LPNHE (Paris6),G iessen,and

in addition the University ofChicago and the ArgonneNationalLaboratory forthe tim ing

detectors.

�O n behalfofthe R P220 Collaboration
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The rom an potdesign followsasclose aspossible the design which iscurrently used by

the TO TEM collaboration and the Lum inosity group ofthe ATLAS collaboration which

aim satm easuring thetotalcrosssection using rom an potsat240 m .Theonly di�erenceis

thatweonlyneed thehorizontalarm sand nottheverticalarm ssincehard di�ractiveprotons

are scattered horizontally.W e willfollow the TO TEM experience to build the rom an pots

in Vakuum Praha and to usethe sam etechnicsforthe step m otorsand the LVDT system .
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Figure1:Rom an potdetectoracceptanceasa

function ofm issing m assassum ing a 10� op-

erating positions,a dead edgeforthedetector

of50 �m and a thin window of200 �m .

Assum ing one can go down to 10 (resp.

15) � from the beam center, it is possi-

ble to m easure protonswith � > 0:01,and

� > 0:012 on each side of ATLAS (resp.

� > 0:014,� > 0:016) where � is the m o-

m entum fraction ofthe initialproton car-

ried away by the Pom eron [7].Thiscan be

translated in m issing m assacceptanceasil-

lustrated in Fig 1. The m issing m ass ac-

ceptance using only the 220 m pots starts

at135 G eV,butincreasesslowly asa func-

tion ofm issing m ass. It is clear that one

needs both FP420 and RP220 projects,or

in otherwordsthepossibility todetectscat-

tered protonsat220 and 420 m to obtain a

good acceptanceon a wide rangeofm asses

since m ostevents are asym m etric (one tag

at220 m and anotherone at420 m ). The

precision on m ass reconstruction using ei-

thertwo tagsat220 m oronetag at220 m

and anotheroneat420 m isoftheorderof

2-3 % on the fullm assrange.Thisshowsthe advantage ofthism easurem entwhich allows

to give a very good m ass resolution on a wide range ofm asses,and thus to detect Higgs

bosonsatlow m assesdecaying into b�b. The idea isto enhance the signaloverbackground

ratio by bene�tting from the good resolution ofthe detectorsand the suppression ofthe b

jetbackground due to the Jz = 0 suppression ruleforbjetexclusiveproduction.

3 D etector inside rom an pots

W e propose to putinside the rom an potstwo kindsofdetectors,nam ely Silicon detectors

to m easure precisely the position ofthe di�racted protons,and the m ass ofthe produced

object,such asthe Higgsboson,and �,and precisetim ing detectors.

Theposition detectorswillconsistin either�velayersofSilicon stripsof50 �m and two

additionallayersused fortriggering,or3D Silicon detectorsifthey areavailableindustrially

by thetim eweneed to instaltherom an pots.IftheSilicon strip option ischosen,therewill

be fourdi�erentorientations,nam ely X,Y,U,and V (U and V being orientated within 45

degreeswith respectto X and Y).Thestrip sizewillbe50 �m and thedetectorsizeabout2

cm ,which allowsa m easurem entup to � � 0:15.TheSilicon strip detectorswillbeedgeless

which m eansthatthe dead edge willbe ofthe orderof30-50 �m so thatwe can m ove the

detectorasclose to the beam aspossible withoutlosing som e acceptance due to the dead

edge. The detectorswillbe read outby the standard ABCNextchip being developped in
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Cracow fortheSilicon detectorofATLAS.Thelatency tim e oftheABCNextchip isofthe

orderof3.5 �swhich givesenough tim e to send back the localL1 decision from the rom an

potsto ATLAS (see the nextparagraph abouttriggerform ore detail),and to receive the

L1 decision from ATLAS,which m eans a distance ofabout 440 m . It is also foressen to

perform a slightm odi�cation ofthe ABCNextchip to include the triggerpossibilitiesinto

the chip. The other option is to use 3D Silicon detectors using the sam e readout system

asbefore(ABCNextchip).Thesedetectorsusea lateralelectric�eld,instead ofverticalin

conventionalplanartechniques. Holes ofthe orderof10 �m crossing the fullthickness of

thedetectorare�lled with a conductivem edium in orderto collecttheionisation (electrons

or holes) depending on the applied bias. Both kinds ofoptions willbe tested in Prague

and in Saclay using the fullelectronics chain (including the ABCNext chip) and a laser

or a radioactive source. Beam tests atDESY or CERN are also foreseen. It is planed to

installtherom an pottogetherwith theSilicon detectorsduring a shutdown oftheLHC in

2009-2010.

The tim ing detectors are necessary at the highest lum inosity ofthe LHC to identify

from which vertex the protonsare com ing from . Itis expected thatup to 35 interactions

occuratthe sam e bunch crossing and we need to identify from which interaction,orfrom

which vertex the protons are com ing from . A precision ofthe order ofa few m m or 5-

10 ps is required to distinguish between the di�erent vertices and to m ake sure that the

di�racted protonscom e from the hard interactions.Picosecond tim ing detectorsare stilla

challengeand aredevelopped in acollaboration between Saclay,Stony Brook,theUniversity

ofChicago and ArgonneNationalLaboratory form edicaland particlephysicsapplications.

The proton tim ingswillbe m easured in a crystalofabout2.5 cm located inside the rom an

pots,and the signalwillbe read outby M icro-ChannelPlatesPhotom ultipliersdevelopped

by Photonis. The space resolution ofthose detectors should be ofthe orderofa few m m

sinceatm osttwo protonswillbedetected in thosedetectorsforonegiven bunch crossingat

the highestlum inosity.The detectorsareread outwith a ConstantFraction Discrim inator

which allowsto im prove the tim ing resolution signi�cantly com pared to usualelectronics.

A �rst version ofthe tim ing detectors is expected to be ready in 2009-2010 with a worse

resolution of40-50 ps,and the �nalversion by 2012 with a resolution of5-10 ps.

4 Trigger principle and rate

In this section,we would like to give the principle ofthe triggerusing the rom an pots at

220 m aswellasthe ratesobtained using a sim ulation ofthe ATLAS detectorand trigger

fram ework.

Theprincipleofthetriggerisshown in Fig.2 in thecaseofa Higgsboson decaying into

b�basan exam ple.The�rstleveltriggercom esdirectly from two di�erentSilicon strip layers

in each rom an potdetector. Itism ore practicalto use two dedicated planesfortriggering

only sinceitallowsto usedi�erentsignalthresholdsfortriggerand readout.Theidea isto

send atm ost�ve strip addresseswhich are hitatlevel1. A localtriggerisde�ned atthe

rom an potlevelon each sideoftheATLAS experim entby com bining thetwo triggerplanes

in each rom an potand the rom an potsaswell.Ifthe hitsarefound to be com patible (not

issued by noisebutby realprotons),thestrip addressesaresentto ATLAS,which allowsto

com pute the � ofeach proton,and the di�ractivem ass.Thisinform ation isthen com bined

with the inform ation com ing from the centralATLAS detector,requesting forinstancetwo

jets above 40 G eV in the case shown in Fig. 2. At L2,the inform ation com ing from the
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L npp per 2-jet RP200 � < 0:05 Jet

E T > 40G eV bunch rate[kHz] reduction reduction Prop.

crossing [cm � 2
� s� 1] factor factor

1� 1032 0.35 2.6 120 300 1200

1� 1033 3.5 26 8.9 22 88

2� 1033 7 52 4.2 9.8 39.2

5� 1033 17.5 130 1.9 3.9 15.6

1� 1034 35 260 1.3 2.2 8.8

Table 1:L1 ratesfor2-jettriggerwith E T > 40G eV and additionalreduction factorsdue

to the requirem entoftriggering on di�ractiveproton at220m ,and also on jetproperties.

tim ingdetectorsforeach di�racted proton can beused and com bined with theposition ofthe

m ain vertex ofATLAS to check forcom patibility.O nce a positive ATLAS triggerdecision

is taken (even without any di�racted proton),the readout inform ations com ing from the

rom an potdetectorsaresentto ATLAS asany subdetector.

The di�erenttriggerpossibilitiesforthe rom an potsaregiven below:

� Trigger on D P E events at 220 m : Thisisthe easiestsituation since two protons

can be requested atLevel1 at220 m .Threedi�erentoptionsareconsidered:

-trigger on high m ass H iggs(M > 160 G eV)given by ATLAS directly (decay in

W W ,ZZ),

- inclusive trigger on high m ass object by requesting two high pT jetsand two

positivetagsin rom an pots,

-triggeron jets(high pT jetsgiven directly by ATLAS,and low pT jetspecialtrigger

forQ CD studieshighly prescaled).

Thiscon�guration willnotriseany problem concerning the L1 ratesince m ostofthe

eventswillbetriggered by ATLAS anyway,and thespecialdi�ractivetriggerswillbe

forQ CD m easurem entsand can be highly prescaled.

� Trigger on D P E events at 220 and 420 m Thisisthem ostdelicatescenariosince

the inform ation from the 420 m pots cannotbe included atL1. The strategy is the

following (seeTable1):

-triggeron heavy objects(Higgs...) decayingin b�bbyrequestingapositivetag(one

side only)at220 m with � < 0:05 (due to the 420m RP acceptance in �,the proton

m om entum fractionalloss in the 220m rom an pot cannot be too high ifthe Higgs

m assissm allerthan 140G eV),and topologicalcutson jetssuch astheexclusiveness

ofthe process ((E jet1 + E jet2)=E calo > 0:9,(�1 + �2)� �220 > 0,where �1;2 are the

pseudorapiditiesofthe two L1 jets,and �220 the pseudorapidity ofthe proton in the

220m rom an pots). This trigger can hold without prescales to a lum inosity up to

2.1033 cm � 2s� 1,

- trigger on jets (single di�raction,ordouble pom eron exchange)forQ CD studies:

can be heavily prescaled,

-trigger on W ,top...given by ATLAS with lepton triggers.

Let us note that the rate willbe ofthe order of1 Hz at L2 by adding a cut on a

presence ofa tag in the 420 pots,on tim ing,and also on the com patibility ofthe

rapidity ofthe centralobjectcom puted using the jetsorthe protonsin rom an pots.
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Figure 2: Principle ofthe L1 triggerusing rom an potdetectorsat220 m in the case ofa

Higgsboson decaying into b�b.

In thisshortreport,wedescribed them ain aspectsoftheprojecttoinstallrom an potsat

220 m within ATLAS:Silicon detectors,m easurem entoftheproton tim ings,and thetrigger

properties. Thisprojectisaim ed to be proposed to ATLAS and the LHCC togetherwith

the FP420 one.

R eferences

[1] Slides:http://indico.cern.ch/contributionDisplay.py?contribId=100&sessionId=7&confId=9499

[2] ATLA S lum inosity project,http://atlas-project-lumi-fphys.web.cern.ch/atlas-project-lumi-fphys/

[3] C.R oyon,L.Schoe�el,R .Peschanskiand E.Sauvan,N ucl.Phys.B 746 (2006)15;C.R oyon,L.Schoef-

fel,S.Sapeta,R .Peschanskiand E.Sauvan,arX iv:hep-ph/0609291 and references therein.

[4] O .K epka,C.R oyon,preprintarX iv:0704.1956

[5] M .Boonekam p, R .Peschanskiand C.R oyon, Phys.Lett.B 598 (2004) 243; M .Boonekam p, A .D e

R oeck,R .Peschanskiand C.R oyon,Phys.Lett.B 550 (2002) 93;V .A .K hoze,A .D .M artin and

M .G .R yskin,Eur.Phys.J.C 23 (2002) 311,Eur.Phys.J.C 24 (2002) 581.

[6] M .Boonekam p,J.Cam m in,S.Lavignac,R .Peschanskiand C. R oyon,Phys.R ev.D 73 (2006)115011

[7] ATLA S note about R P220 project,to be subm itted

DIS2007

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

