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ABSTRACT 

This doc;wneni c9ntains ,the specifications of the eMS baseline caloriDlete~ trigger algoritlun~. 
Detailed' informat jon Of! the' physics performance of the algoritruns can be found in: the technical 
noteslisted at the endol' tbe'doctiment. 

The present ~pecifications provide the' basis, fpr further shnulatioo- studies with the llim of 
refming its ~tails. It alsriprovide the basis for the design studies,. prototype developments and beam' 
tests.io be carried out' in 1996-98. .', ' . " 

'n1esespecificatiollS are prelimiriary arid may be 11lodified as a result of ~h~ " 
technicaIdevelopmelrts. 
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1. Introduction, ' ,,' , ' 
The eMS calorimeter trigger systeqIShOllld be, caPliille of seJecting electr()ns~ph0ton~ and jets over a 

'large rapidity, range with high efficiency. Triggering on events with large ,russi~g Et, is also, required., The 
need for atriggeron t-jets is presently being investigdled. A sunmwy of the physics and rate requirements on 
the level 1 calorimeter trigger is given in §1.1 arid§1.2. ' ",' '" ' " . 

Several'simulatidn studies were pedhnhed since the Te,chnical Proposal ~imingata better u,ndersta~dmg 

and refinement: of the calorimeter triggefaJgQrithms. Detailed GEANT simulation~'eomplemented the studies 

done before with fast showerparametrizations, and provide today a more accurate estimation of the trigger , 


, algorithms perfbrmance. Adescription ofthesc st~dies can be found in,the techn~cal notes listed at the ender' 
the dllCUlnellt." , ' ,~ , 

, In the following, sectionS. we present the'speci11catiQns of the calorimeter trIgger algorithms,that 

perfonned .the best in fultiHing tlwrequirements. These specifications are not final; in the senSe that they can 

change as a.result of thede'sibl'il studies. prototype developm.ents and beaIl1: lests to be carried out in the )lext 

two or three' years. In some' cases, complementarysj'mulation work in needed in order to achieve a mOre 

precise specification. For each specification we provide its definition, justification an4 status. . 


1.1. Physics, requirements ',' , 
The physics'requirements for the CMScalorimeter trigger, as defined in theCMS Technical Proposal [1] 


are sununaiized in the tollowing: ' , " , 

J) At high luminosity (L=J034cm-2s-1), the single f.'iectron/photon trigger is required to be.ful~veJflcielll 

(>95%) in the pseudorapidity rallge.1111<2;5 for isolated electrollsandph'otons above Et>40 GeV.The 
dielectronldiphotoll trigger is required to, beful~v efficient for ~t>20\ GeVfor ,each particle ill the same rapidi(V , 
range., , , ' I " 

Recommendation:, The nigger group recomrllends to change the threshold requiremelllSon the single and 

double electronlphoton triggerlo 35 and15 GeV, respective(l1, in.o,.d~rto l(chievethe efficiencies melllioned 

~~U~ , , 

',Justification: A large fraction-ofthe physicS channels expected at theLHC involve electrons and p~otons _ 
in the final state. The threshold on:Jhe isolated single"electron momentum was chosen so to guarantee a 

, trigger efficiency tor identifyingW decay electrons above 50% (integrated over all electron momenta). The 
threshold on the dielectrol)idiphoton momenta was chosen in order to guarantee an efficiency above 95% for 
the Higgs (80 GeV masS) p.ecay to two photons. ' , 

Given the efficiency tum-oncurves expected atlevel 1. the trigger thresholdsmll~1 be signiticantly lowe{. 
than the particle momenta. of the ord~r ,of 25 and '10 GeV respectively . for the single and double 
electron/photon triggers'[2,4]. 

2)Sillgle alll/'multiple jel triggers at various thresholds are also required, ,haVing a well known efficiency 

in order to allow reCOI1.W,.uctiOlI ofthejet spectrum. , 


Juslilicatipn: Jet triggers are required in ord~r to reconstmct jet spectra that overlap with data att~inableat 

lower energy colliders.let triggers were shown to bring sih1Jlificallt contributions to the ovetall1rigger 

efficiency tor top events and for SUSY physics [14J. Jet triggers will' be important' in the search for quark 

substructure at very high Ei and ressonance~ decaying into jets ,as wen ,as checking QCD. 


3) AI high lumill().~ity (L=I034cm-2s- J). Ihemissillg trmisverse energy trigger is required to befull;v 

ejJiciem/iJr missing Et ahove 250 GeJland tiJ be above 80% e.lfldelll/or missing Et larger than 150 Gev., 


Justijication: The missing Et trigger is an important component in the search for SUSy' events. In 

particular, the search fbr squarks and;'gluinos requires tbe identifica~ionofeventswith Et above 150 GeV [1]. 

The required perthmlance is ach,ieved when a level 1 threshold of the order of80 GeV is chosen [8]. 


, In addition, the tollowi,ng physics requirements, requested by the PhysicsGroup~ are now under 

consideration: ' 

" 4) At low lumillosi(V (L=J033c.m-2s"1.),thesyslem is required to trigger on s~ngle lIlld double electro~ll' 


fi'om b-decays, illihepseudorapidityrange IfJl<1.6.wilh momenta ab()ve 10 and 5 GeV, respective(v, wUhan 

e.Diciellcy above 50%., ' . . ' " 


Just{ficatioll: The low Pt electron trigger is 'complementary ~o the' muon, trigger in the b physics studies. 
Detailed simuJations'Vl] showed than an efficiency above 500/0 for electrons with Et> 10' GeV is achievable at ' 
the level 1 trigger, keeping the rate requirements (!;ee §1.2). TIle'possibilityoftriggering on dielectrons with 

Et>5 GeV from events hb~+JI'V+X': is being inve~1igat~d. 
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· 5) Tire system i~.requil·ed l~selecl.llOd"(Jnic T-jels ill the ps{!udnrapfciilY range, 1111<2.0 alld originatillg ajel. 
with .£1>40GeV, Willi allefficlellcy above 50%; the' r-:if',t.~ 'are used to df,{1l1e a double r-jetl.rigger, as well as· 
,combined triggers withallelectroll 01' a mUOlt. " , " . 

Ju.sl~{ica/ion:. ' The" tau~je! triggers s,hould al}(,w to improve 'the efficiency oCthe trigger system to the , 
,neutral SUSY Higgs decays mtQta~ palrs~ as weHas to the ch,arg~ SUSY Hi~ decaying in tau..;neutrino 
t1/4]. Simulation studies [12lindicate that a relative simple and low cost extension of the jet trigger is able to 
select tau-jet~ withanefficiet)cy above 50%. " , 	 ' ' ; 

J.2.Rate requ;,eln'ent.~ 
\TIle CMs calorime,crtrigger should fulfill the fo])owing rate requirement: 

l)The backgroulld\l~ate should nOl exceed'app"oximale{v 15 klf:. 
Just!{icatioll: The uncertainties in estimates of cross-sections at high energies and limited knowlt!tige of 

, branching ratios impose a large errpr on the estimated trigger rates. Uncertainties in ~he simulation itself and ' 
in the (Inal detector design also conttibute to the error in the trigger'rates. Therefore, we provide for a safety 
margin of a fac{(,r t_hree, from,the design 100 kHz maximum lev~l 1 output rate t()30kHz,in designing 
algorithms for level 1 triggers. Furthemlore, this 30 kHz bandwidth: of level 1 output, has to be shared 
runongst both muon arid calorimeter triggers. In order to meet this requirement s~me triggers (e.g. the low 
threshold jet trigger) will be prescaJcd.' 	 \ 

, 2" Geometry and definitions 
2.1. 	.Trigger cell 


The basic calorimeter Irigger,cRU has dimensions A11.Aq,=0.087xO.087 UI" to 11=2.27, and 

411·Aq,=O.l74xO.087 tn the interval 2.27<11<2~62. Each trigger cell in the barrel and in the endcaps 

icorrespOnds to the size of an HCAL tower. In the barrel ECAL. the trigger cell is fomled by 6x6 crystals. In 

the ECALendcap. a variable nwnber of crystals fhrllls the trigger cens, depending on the final endeap design. 

In all cases, there is an..exact match between the boundaries of ECAL and HCAL trigger cells~ 


Jw"'fficotiQl1: The trigger cell dimension results from a conlpromise between the number of trigger 

channe~s. which must be as small as possible, and the jet background ratc, which increafoies with the .cell size. 

The ECAL and HCAL trigger eells match to each other and to the muon trigger'segmentation in order to 

allow'an efficient and easy implelJlel11afioll of thc trigger algorithms. ' 


Sta/us.: Acce[lted 


2.2. 	 Strips 
The ECAL'triggcr cells are divided in ."'rips. In the barrel ECAL.eaeh triggercell,has,6strips, (Oll,C"erystal 

in 11 and six crystals in cf». In the endeap, the nWllber of strips JlCr cell and the' nwnber ofcrystals per strip are 
variabl~, depending on the'tinal endcap design. TIlC strip Etis provided by the ECAL front-end electronics. ' 

Just~ficatiOIJ: TIle stripinfonnation allows tbe computation of Ihefine grain primitives (see §3.3). The, 
strips are along the bending' plane so that the efficiency of the fine grain criteria to electrons with 
bremstrhalung and to converted photons is as close'as possible to 1000/0 [15}. 


SWius: Accepted in principle, under te~hnical study. ' . 


2.3. VFCALtrigger segmentation 
, In the VFCAL, a possible s~gmentation. still subject to optimization, is the following: 
~11.6c1FO.35x0.35 for 2.6<11<4.0 and All.AclFl.OxO.7 for 4~0<11<5.0. , ' , 

Jtlsl~ficatioll: The, optima} size deperirlson the siz.e of hadronic showers in the VFCAL and itspbysical 
segmcntatiOll. . 

Status: ' Under physics perfonnance stlldy. 

2.4. Caiorinreter regions , 
, The trigger cells are organized in calorimeter regiolls. each one fornled by 4x4 trigger cells. TIle eta-phi 
indexes of the calorimeter regions indentify:the location of level 1 trigger objects., ' 

Justificalioll:, TIle calorimeter region matches the typical jet sizeand·fonn the basis of the jet trigger. 
Calorillleter regions are, also chosen so that geometric factors can multiply the Et in each region to fbrm Ex 
and Ey witJlOut significant loss in missing energy resolution. 

, Status: Accepted. ' . : 

3 


http:11.6c1FO.35x0.35


4 SilLes, 2 

3. Trigger primitives,,: -' ,:' - ,', ') - '" 
, 3.1. ,Cal.orimeter cell ,thresholds , ,_, ,-' ,',' , ' " -', .' 

Previous to the computation ofthe tri$8er piiJ!litives, programmable thresllOlds are applied to EeAtcells 
befote crystals' are summed into strips,. on tbe~1rips before theyar~ sunlll1ed~ld'onthe total 6x6 energy. The 
thresholds are applied to HCALon a tower by tower basis. " ',' ' " .'."", 

, Just~flcatiol1.:ThresholdiI'1g reduces-;tbesensitivity ()f thel isolation algoritlu:ns to nois~ ,and pileup, 
maintaining an high etliciency to electrons and photons. Typically, the threshold is set to 3qDOlse., " 


SUIIUS: Accepted ,in general; thresholds on crystal energies under study. ­

3.2., Et sum s , , ',_ , ­
'The tol1owing trigger primitive is computed for every ECAL and HeAL trigger cell: " 


- Et sum in trigger cell, coded in a 8 bit compressed nonlinear scale that isp~ogrammable.: , 
 I 

Justification: The Et sums are coded ina8 bit compressed nonlinear scale in order to minimize the trigger 
data 11ux from the' qetector. As an example, the scale cantle programmed to have adynamie range of 230 
GeV, with resolution ofO.I, 0.5, LO and2.0 GeV respectively in the,Et regions defmed by the'boundaries 
6.3, 38.3 and f02.3 GeV. ' , , 
Status: Accepted. 

3.3. 	 Fine grain local iSolation. 

The following trigger primitive, is computed for every ECAL trigger cell: 


- Fine grain local'isolation bit (LI bit) 

The tine grain local isolation bit is computed from the strips by the fonowing peak-tinding algorithm: 

.., select the maximutnEt sum of two adjacent strips; , 
- compute R, the ratio between the maximumsuinof two stripsand thetotalEt sum; 

. - compare R with low and high programrpable thresllolds loget the LIL and LIH bits; 
- the final LI bit depends on the cell Et range: 


if Et< El : LI=O. 

ifEl<Et<E2 ': Ll=LIH . 

if Et>E2 . : LI=LIL 


where Eland E2 are progrannnable thresholds .. 
Just~flcatiol1 .~. The fine grain primitives provide for everytriru:,~r ceU·an infom\ation that reflects 'the 

lateral extension of the e.m. shower. ElectroJ;ts and photons (converted and non-converted), • in the , presence of 
noise and high luminosity pileup, have R>O.90 (low threshold) iri9'8% of the cases [15]. The same criteria 
,rejects the fraction ofjets where two or more hadrons interact insideone trigger cell. 

The high threshold (typically 0.95) is used in the definition of a low Pt beauty electron trigger which 
requires a moderate etliciency and a high rejection power:[1 1]. '. 

Below the threshold~El (typically 3 GeV) the Ll bit is set to zeroto protect the fine grain algorithm 
'against'noise (see §4.3.2). . 

Status: Accepted in,principle, under technic~ b1udy. 

3.4. MIP informatioll 	 . 
The following trigger primitive is computed for every HCAL trigger cell: 

, - MIP bit : energy -compatible with mip energy deposit " . ..' 
JuStification: The mip inf0t:nlation can be used in the isolated muon trigger (see §8.) Of in a startdalone 

HeAL test trigger. 
Status: Under discussion. 

4.Electron/photon ~riggers 
4.1. General 
TIle electron/photon trigger uses a 3x3 trigger cell sliding window processing [3.10]. The electron/photon I 

identification· is based: . " " . ,~ , " 
- on the recognilion ofa large energy deposit inone or two adjacent ECAL trigger cells: ' ) 
- on the lateral shower profile (tine grain ~1ructure iri.central ECAL cell) ; 
- on the longitUdinal shower profile (HIE in central trigger cell); . . '. . . ' 
- when isolated electron/photons are requested, on. the c.m. isolation energy _(energy in Ecal cells 
surrounding'the centralccll); ..; . 
- wh~n, isolated ~lectronlphotons are requested, on. thehadronic isolation cIlerbry (energy in Heal ceHs 

. surrounding the central cell)~ ',' . . '. " .. 



JUSt~fiCOlioll: A large safety maxgin in the rates is required ~or the, CMStriggers,given the various 
unce~ainties that a,ff~ct the lrigger r~esestimatjons. The unpletnenUition1Qf longitudinal and lateral sho~er 
profile,~ as wf'lIllste.m. and hacJ.ronic, isoJationprogralMlablecrileria provides safety.and flexibility for the 
calorimeter electron/photonlrigger. " .' , 

TIle use orthe energy threshold together with, shower' profile 'criteria aloJu~ allows t()trigger on low Pt 
electrons from p::ciecays., ," , I" ' ' 

, Stotus: Accepted' in, genemllO versions under study. 

4.2•. lnput da.ta 
The ,cell Etatthe int1Ut ofthe window processing is coded in a 8 bitslin~r scale witl~ progralllll1able 

resolution. A. smaller npmber of bits can be used for the isolation cd,s. Values exceeding the dynamic range· 
are set to the maximulU. ' , . . ' 

Justificotio'l~'The 'limitation in the number Qf bits is, intended to simplify the hardwareimplementati'on. 
,Simulation studiesshow~ that a scale of 8 bits with LSB=500 MeV gives adequate.trigger perfonnance [4]. 

StatUs: Accepted, '.' ' 

O.014$ll 
3x3Window Electron Algorithm: 

.;rIMaX 014'ax 
:n,V:':>;: ·Neighbors 

Hit E;M + Mx EM 
Ngnbr > Thresh 

'.Hit Had i Hit Ef\,1 
'Fine"Gtai 0.05 
, Algorittun: 8 Had f'J(Jhbrs 

87 $' < 1,5 GeV CC)mpare max of 5 

, ~fl·~strip pairenergy _, .,~ L 5 EM Nghbr$ 


Option. I 1 o·r 4< 1.0 Gf3V
and total energy in 

trig~jer to\rver. 
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, Justijkatioll: ,Requesting the HIE bit provides additi()nalbackgr~u.nd rej.ectiOti without atT~tin:gt~e? 
isolatedelectronlphoton efliciJ!ncy. Electrons from ~ecaysare 900/0. efficlentW1t~ respect to the H/Ecnterl8!. 
The typical H/E threshold is 0.05 and it.ean'be OPtimizedforthebea~ty'el~ctr(}ll trigger {4t H]. 

S~atus: Accepteil.' 	 ' . , , 

4.'1.4. EM isolation 
The EM isolation, is given by the smallest of the four su.m8of5 (or 7J e.m. cells around the 'hit cell'; the, 

EMI bit is set to one if this energy is less than theEMle/ythteshold. . . ,", " " 
Justification: Requesting the EMI bit provides additional background rejection: without aiTectinglhe 

isolated' electron/photon eiliciericy. The typic,ll/EMI ely tbreshold is 2 GeV [4, 15]. I • 

, Statu:;: Accepted in general; versions under'study. 	 ' 

4.3.5. HAD isolati()n 
, 	 The HAD isolation is given by the sum of the eighthadronic cells surrounding the ','hit cell'; the HIn bit 
is set to one ifthisenergy is lessthal:1"the HDI ely threshold. " ' , '.'. 
, 	 Justification: Reque~1il1g the HDI bit provides ,additional background rejection withput affecting, the 
isolated electron/photon efficiency. The typical HDI ely threshold is 1.5 GeV [4,15]. 

Status: Accepted. 

4.4. EM cluster definition ," 	 , ' , . , . 
,Each EM cluster ,is characterized by the variables ETe, LI, E/H, EMI and HDI, as well'as by the n..q, 

indexes of the corresponding thecaloril11eter region where the 'hit ceil' is'located. Each cluster should be 
assigned a fully progranunable'ranlc. based on these variables. " " . 	 ! 

'TIle four highest ranking e.m. clusters shpuld be selected to forward to the global trigger. 
Justification: The progranunability of the rank determinationaUows the design of suitable u:iggers 

depending upon'the luminosity and ~he'physics interest at time of running. For instance, for high lumhl0sity 
running the emphasis can OO'on "isolation",/and., for low luminosity running theempliasiscanbe redirected 
to "shower profile" variables. The selection of the four highest rank clusters provides enough tlexibility for 
the detinition ofcombined triggers. '. 	 ' 

,Status: ,Accepted. • 

4.5. 	 Single electron/photon friggers 
In general tenllS, single electron/photon trigger is defined. by' the highest ranking ele~tron/photon cluster ' 

(as specified in §4.4), an l1...cpacceptance re!,tion and 8prescaiingtacior. '" ' ' 
The global 'trigger accepts the de1inition, in parallel, of different single electron/photon triggers 

conditions. . 
Jus{f/icatiol1: Various singie electron/photon triggers conditions will be needed in parallel to match the 

difterent physics requirements, as well as for calibration and trigger efficiency measurements. 

Status: Accepted. . 


4. 6. Multi electron/philion triggers . . 

In general terms, the multi electron/photontriggers aredeflned by n:s;3 highest ranking electron/piloton 


clusters (as speciiied in§4.4),bya lninimum separationin11-:-«fl,as well as by a pre~ca1ing factor. 

The global trigger a~cepts the definition, in parallel, of different m.ulti ~lectronlphoton triggers conditions. 

Justification: Various multi 'electronlphoton triggers conditions will be needed in parallel 'to match ~he 


ditTerentphysics'req\lirements, as well as for calibration and trigger,efficiency measurements. " 

Status: Ac~pted in general; requirement ofminirnuni 11-+ separation is under stud~. 


5. J ettriggers 
5.1. General 

The jet trigger uses the transverseenergy,sums (e.m.+had) computed in calQrimeter regions (4x4 trigger 
cells). The input cen Et is coded in a 10 bits linear scale with prQgrainrnable resolution. Values exceeding the. 
dynamic rangeare:set totl)e maXimum. 	 '. 

Justificatiun: Regions of 4x4 trigger cells matches the typical jet size. ,Simulation studies sbowed that 'a . 
scale ofl0 bits with LSB~l. GeV gi\:,es ad~llate jettrj~r nertormance [4]. 	 ' 

Status: Accepled~ 	 , . 
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5.2. ,Jiu transverse' energy 
Version 1: ' ." .," . \, 
The j.et transverse eneFb'Y "(E1J) is given bytnc transverse energy inncalorimeter tegion. 
VersIon 2:;, , ' 

~ The jet transversecriergy (6Tj) is given by the transverse energy sUm in 2x2 calorimeter regions. 
Wmdows overlapping by one calorimet~r region arc taken into account. , " 


Just{fication:TIlc versi(m 2 gives ajet trigger with higher rate butbetter emc~cncy threshold curve. 

Status: Accepted in, general; versions understudy. " " , 


5.3. JetdejinitiQn .' ' , 
, The jets are characterized by ETj and by the ,,~ indexes of the calorimeter region. The four highest rank . 

jets in the calorimeter are selected. The clustetrank is givenby the jet transverse energy. Jets occuringin a 
calorinieter region where an electron or tau isidentjm~d Menot considered. 

Just{ficaiioll: The selection of the four highest rankjets provides enough flexibility for the definition of' 
combined .triggers. ' , 


Statu.~: ~ Accepted. 


5.4. \Single iet ,triggtir.~ 
The single jet triggers are defined by a threshold value and a ""«1> acceptance region, as weB as by a 

prescaling factor. The global trigger accepts the dqfinition, inparallel, of different single jet triggers 
conditions.' ' , " " . , 


Jusl.~ficatio,,: Low threshold jet triggers need to be' prescaled in order to meet the rate' requirements. 

Status: Accepted. ' 


'5.S~ 'Multi jet triggers , 
, The multijettriggers are defined byn~3 jets (as specifiedin §5.3), by a luinimum separation err "-«1>, as 

, well as by a prescaling tactor. Jets must be separated by at least (IDe calorimeter region. TIle global trigger 
accepts the definition~ in parallel, of dHferent 111Ulti jet triggers conditions. " ' 

Justificatioll: Multijet triggers with different thresholds in each leg are required to trigger ()n SUSY 
events. 

Status: Accepted in general; requirement. ofminimum 11..cp scparatii)fl is under study. 

6. 'Et triggers 
6~1. General 

TIie Ettriggersuse the transverse energy SUlll" (e.m.+had) computed in calorimeter regions'(4x4 trigger 
cells), as specified in §5.1.,Ex nnd Eyarecotnputed from Et using the coordinates of the calorinleter region 
center. 
, Just~fication: The missing Et computed froln the energy in ~alorimeter regions has good encfugh 

resolution for. trigger purposes [8]. 
SllltuS: Accepted. 

6.2 	'M;.~sing Et triggers " 
, The missing Et' is computed from the sums of the calorimeter regions Ex and Ey. The ,sum extends UI' to 

l'J=5 (end ofVFCAL). ' 
Themissipg Et ,triggers are t,lefined by a threshold value and by a prescaling factor. The global trigger 

,accepts the deflnition~ in parallel, of different missing Et triggers conditions. 
Justificalioll: The missing Et trigger rates vary with the.l1)pidity coverage [8]. 
The missing encrgytrigger is implemented with a number of thresholds. Some of these thre~holdsare 

used in combination with other triggers. Other thresholds are used with a prescale and one threshold is used 
fora standalone trigger., . ' ' ',,' 

The missing Et trigger can be used in conlbination with other triggers~ namely jet triggers;. in the sea~ch 
for SUSYevents. " . ; , ' 

Slatus: Accepted. 
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6.3. Tota/Et trigger: " '~, ' . '" ,\' ",,", ' ,,'I ' ," 	 ",,', ,.' , 

TIle total Et is given by the sum ,of ~he calorimeter regions Et~ The ,swn~xtenQs ~p to 11=5 (end of, 
VFCAL); , ,'I ',' ,""" ~ ,', " , 

The total Ettriggersare defined by a threshold vahle and by a prescalingfactor. The global triggeracc;epts 
the definition, in parallel, .of diflerenttotalEt triggers conditi~lns~ , ' ; , " ' "." , ' 

JUSlificalioli: The t(ltal energy trigger is iinplernenled wJth a numberoftIu:~sholds which are used both 
for .physics analysis and for input to the IUlllinosity monitor. Some of these thresholds are u~edin ~ 
'combination with othertri~.Other' thresll<?lds (U"e ,used'with a prescaleandone threshold is used: ~or,a ' 
standalone trigger. The lower threshold Et trigger also provides a good diagnostic for the calorimeter and, its 
trigger. 

Suuus: Accepted. 

7. Tau triggers 

7.1~ General ' , ' 


The system selects 'hadronic decays of the t lepton. It is b~sically ajet trigger COlllple~llented with criteria . 
to select narrow jet~ and localized energy ~eposits. Tau-Jets are, used in the detinition of a double tau-jet \ 
trigger, as well as in the definition ofcombined triggers with eleclronsorn1U()ns~ ,. . 

Justiticaliull: TIle purpose of the . ~au trigger is' ttl enhaIlce the efficiency' of the trigger system to detect 
taus [14]. TIle detinition of the tau t'rigger as an extension of the jet trigger is intended to siniplifythe 
hardware implcll1entation [12]. 

Stalus: Under physics performance study. 

7.2. 	 Tall jetllllriahle.~ 

Version '1: 

TIle t-trigger uses·the following information: 


-r-jet trallsvers'e e11ergy (ETt): transverse 'energy (e.m.+had.) ina 4x4 region, as computed for the 
jet triggers (see §5.) , ' 
- N01TOW jet: ratio between the 4x4 and the surrounding 12x.12 window transverse energy;the NJ bit 
is set ifth~ ratio is larger than the NJ threshold (typic~Uy O.8)~ . 
- Single pion cluster:, the C,LU bit is set to one if the ratiob'etween i the highest trigger cell 
(em.+had) in, the 4x4 region ,and the total energy in that region is larger thanathreshofd(typically 
0.4). 	 • 

Version 2: 
The t-triggeruses the following information: 

- r-jetlransverse e.llel'gy(ETt):' transverse energy (e.m.+had.) in a '4x4 region, as computed for the 
jet triggers (see '§5.) 
- Nan'ow jet: ratio between the 4x4and the surrounding 12x12 window transverse energy; the' NJ bit 
is set if the ratio is larger than the NJ .threshold (typically 0.8). 
-r e.m.cluster: the CLU bit is set to one ifthere, i{one and only on~ cluster (as defined in ~/r 

• trigger) in the 4x4window with:' , , 

- Et larger thantheTEM Etthreshold (typic.~allyl()iGeV); 

- e.m.isolation transv~rSeenergy smaller than the EMI t threshold (tyPically 4 GeV) 

- HIE of HDI ely bits eqtlal to zero.. '. " . 


JusliticatiOIl!'TIlecfirSt version complements 'the narrow jet criteria with ,the iden,tificationofan isolated 
charged pion cluster~ The second version relies as cOlllplemeniary,criteria on the presence Qf ~ single·e~m. " 
cluster backed with hadr'onic energy [12]. . 

Status: Under phy,sics pertbnl18J1Ce study... 
',. 

7.3. Tau jet dej;IIitioll 
Each t-jet is characterized 'by the yariables IiTt. NJ and CLU,. as well as by the 11-4> indexes of the 

corresponding 'calorimeter region'. 	 ' . . 
The 1hur highest rank t-jetsin ,he calorimeter are selected. The clu~1er rank is, defin~ by the expected 

trigger rate tor that t-jet. The lowest th~ rale the highest the rank. Tau.:.jets occurring in a calorimeter 'region 
where an electron is identified are not considered. 	 '. 

Jwuijlcauoll: The selec'ti011 ofthe four highest rank t-jetsprovides e'nougb t1exibility t!)r the definltion of' 
combined triggers. 

Status: Under physics-per1(lnnancc study. 
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8. Quiet and MIP,bits 
8.1'•."General 

For eachc'al~rimeterregion (4x4 trigger cell~) aqqiet and ~ MIP bit are computed. 
[3].Justijicati0I1: TheSe infonnation is used in the isolated muon trigger orin a stCUldalone HeAL test trigger 

Stlltus: Accepted 

8.2. Qui~t bit definition 
. The quiet bit is set when the 'Et in a calorimeter region i$ ~Iow a threshold. 
Status: Accepted . ." !. 

8~3. MIP h# definition 
;' 	 .The MIP bit i,s given by the OR ofthe MIP trigger primitive bits in a 4x4 region, vetoed by a cut on the 
Et 10 the 4x4 region. .' '. . . ',. ':, 

St.atus:" Under study. ' . 

9. Calorimeter trigger output 

The calorimeter t~gger produces tOr every ~am crossing the following ~utput bits: 

Objects RanI<: Pattcrn bilS Eta-phi index Total 

Electron (4) 8 4+5 68 
Jet 

.Tau-jet 
(4) 
(4) 

8 
,8 

4+5 
4+5 

,68 
68 

Et triggers (2) 12 24 
Quiet ,bits 16xl8 288 
MIP bits 16x18 288 

Status: Under discussiol\. 

10•.' Luminosity monitor 
10.1. 	 General .' . 

The calorimeter trigge; system provides inforn1B.tion 00 tIle relative luminosity. 
Justijicat.ioll: TIle activity in the calorimeter cells reflects the machme lwn.inosity. 

Status: Accepted. 
i. 

1O.l.Luminosity variables " 
The system provides four thresholds on the energy in each triggepower region (for this purpose, assumed' 

to be,8x8). TIle infonnation provided by the calorimeter ,consists of: ' 
1) Every 0.1 sec: ,.' , 

.- total number of 8x8 trigger tower regions with encrgiesabove each of four individually 
programmable thresholds. " ~ 
- time interval (incrossings)over which the statistics werc·accumulated. 

2) Every 5 minutes: . . 	 ! . 

, - number of times each of the crossings in one accelerator cycle has a trigger tower region over a 
threshold independently programmab,lc from the fbur listed above. If a particular cro~sing has n regions 
that exc~cd tbis threshold each time it occurs,then the sum for this crossing is incremented by n; 
- numt>er of times each trigger tower region exceeded the single threshold listed above; 
-time interval{in acceleratorcydes) over which the statistics wete,accunlulated. 

Status: Under discussion.' 	 ..\ 
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