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1 Introduction

There are at least three reasons to study how the limited trigger acceptance can influence the physics reach of
CMS. First, changing the pseudorapidity range 7., ¢ (together with transverse momentum threshold pst) isatool
to control the First Level Trigger (LV1) output rate. It has to be kept below the acceptable Second Level Trigger
(LV2) rate.

Second, the rate of background rises dramatically with . The muon detector is designed to cope with the expected
level of background assuming a safety factor of 2-10. However, if the background is higher till, it may result in
production of ghosts, fake muons, false triggers, etc. In this case reducing »%:, . might improve the overal signal
to background ratio (S/B) by suppressing the background more than the signal ﬁ.e. real muons).

Third, a possible mismatch of funding and spending profiles may require the trigger acceptance to be built up
gradualy, according to available resources.

One can distinguish severa regionsin the muon trigger coverage:

[n] < 0.8 barrel only

0.8 < |n| < 1.2 | barrel/endcap overlap

1.2 < |n| < 1.6 | endcap without ME/1-4/1 chambers
In < 2.1 baseline RPC coverage
In] < 2.4 full muon acceptance

These regions are indicated in Fig. 1. The 5 values listed in the table are the natural places where to limit the
trigger acceptance, if it were necessary.
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Figure 1: Muon trigger regions.

In the following sections we examine the expected performance loss as a function of muon trigger acceptance for
some of the most important physics channels to be studied at CM S. The acceptance for each channel is calcul ated
asafunction of muon trigger coverage .., g for fixed off-line measurement coverage of n#*...=2.4. Itisnormalised
to the full muon detector coverage of n{,; =2.4. In some cases we also compare it to the full acceptance of ATLAS

whichisnf; =2.4 for the trigger and nf;,.,,=2.7 for the off-line measurement.



2 Standard Model Higgs
Theleptonic (1 or €) decays of Higgs with a mass of 130 GeV were generated by PYTHIA [1]:

H — ZZ¢ —4u (2.1)
H — ZZ* —2u+2 (22

The high luminosity triggers are considered. Fig. 2 shows the relative acceptance versus 7., . coverage of muon
trigger system. In al cases alogical OR of single and dimuon triggers have been applied. Channdl (2.2) was
simulated with the muon trigger only and the acceptance losses can be partially recovered with the el ectron trigger.
A specid case has been aso considered assuming that the third muon in the event could be reconstructed up to

nk =27 inthe off-line andlysis (case in ATLAS). It is shown in Fig. 2 with the dashed line.
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Figure 2: Relative acceptance for Higgs decays as a function of muon trigger limit "frig for 1p and 2u trigger.
My = 130 GeV.

In general higher isthe multiplicity of final state leptons|ess sensitive we are to forward muon trigger acceptance
losses as events can still trigger on centrally produced |eptons.



3 SUSY Higgses

Thechannels A, H,h — rr and H* — rv, with H*
produced in . — WbWH* — pue + HE + X,
will be the first channels dlowing search and pos-
sibly providing first observation of the SUSY Higgs
at LHC, because dready a low luminosity the dis-
covery contours cover significant areas of parameter
space and approache closely the eventual LEP limits
(see Fig. 3) in particular if /s of LEP Il increases to
200GeV, gradualy closing the lower m4 range. The
A, H,h — pu channd has a similar coverage of pa
rameter space as the v+ channd, but reguires more
statistics (~ 105pb~1).

Thett —» W_,, bWHZ_, channel isdiscussed in
Section 5. For the A, H,h — 77 study the point of
tan3 = 20 and m,4 = 140 GeV was chosen as rep-
resentative of the early discovery/exclusion searches.
The most promising signature for this channel is ¢+ +
T—jet+EMiss with one r decaying leptonicaly and the
second one — hadronicaly. At the First Level Trigger
the coincidence of an e or p trigger with a r-trigger is
required. The acceptance was studied for two cases

e 7-trigger x combined e and p trigger
e T-trigger x u trigger aone
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Figure 3: Regions of the MSSM parameter space
(m4,tan 3) explorable through various Higgs chan-
nels.

Results are shown in Fig. 4. In the first case, for pf > 15GeV and E7 7% S 40GeV the relative efficiency
decreases linearly to 70% if the muon trigger acceptance is reduced from n%. g:2.4 tont., g:O.8. For thep x 7-jet
trigger case with p}’ > 7 GeV, the reduction is more dramatic, falling to 40 % for ni‘rig:O.B.

The A, H,h — pp channd was studied for tan 3 = 30 and m, = 120 GeV. Two production mechanisms were

considered separately
° g9 — A° — pp
° gg —bb+ A% — pp

The relative contribution of the two channels is 2:5. The simulation was done for A°, but similar # distributions
are expected for muons from H° and A° decays. The results are shownin Fig. 5.
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4 SUSY partners

4.1 Singlelepton final states

Among the variety of leptons+ jets+ EXiss final states studied in the framework of MSUGRA-MSSM [2] the
1 lepton + jets + E™iss turns out to be the most promising one from the point of view of squark-gluino mass reach
for CMS|[3, 4]. Fig. 6 shows, for example, the mass reach for 1fb~! for different numbers of final state leptons.
To see how the 1-lepton signal is affected by muon trigger acceptance reduction, we took 3 pointsin mMSUGRA
parameter space a bit above LEP and Tevatron (with 1 fb~1) sparticle reaches. Three of the mSUGRA parameters
were fixed: A4¢=0, tanG=2 and . <0, and the other two parameters, mo and m, ;,, are varied. Table 1 gives point
parameters, masses of sparticles, the average number of leptons (with > 1) and the relative content of muons in
lepton sample for |n¢| < 2.4. Table 2 gives the relevant decay modes and branching ratios of sparticles. It is
worth mentioning that the lightest squarks, stop and sbottom, decay into top/bottom + charginos or neutralinosin
asimilar way in al the cases considered below.
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Figure 6: Domain of (mo, my,;) parameter space of Figure 7. Relative acceptance for SUSY decays
MSUGRA-MSSM model explorable by ¢ and § searches — ¢+ EfMss4 >2jets as a function of muon
infinal states¢ + EM™iss+ >2 jetswith 1fb~—1. Thereachis trigger limit nﬁ‘ig for muon and e ectron trigger.
defined as 50 boundaries, where e = S/+/S + Bsar. Numbersin circles denote signal Points 1-3.

Table 1: Parameters of pointsunder study.

mg mg Masses of sparticles (GeV)
Point | (GeV) | (GeV) (Ni) | N,/N,
i Ja [ 4 [ 8 ]R
1 80 180 | 486.6 | 4349 | 353.8 | 159.1 | 77.7 | 1.61 0.71
2 200 150 | 4222|4123 | 3254 | 1354 | 65.1 | 1.99 0.63
3 500 150 | 438.3 | 607.9 | 370.0 | 1345 | 65.0| 1.73 | 0.74




Table 2: Main decay modes and branching ratios of sparticles.

(Pont[ g | @ [ B R

1 |dq %9 w (31%) | v (91 %) 0% (64 %)
X7 d (66 %) | £¢ (3 %)
2 | Gg(61,2660%) | %3 u (31%) | %2 £+£~ (32%) | %9 £=v (12 %)
X7 d (66 %)

3 | %3549 WQu(14%) | %0 £+e- (8%) | %0 v (20%)
X g KT d(29%) | 70 bb (29 %)
g u (56 %)

The mSUGRA signal is generated with ISAJET 7.32 [5] and processed with CMSJET 4.4 [6] fast MC to simulate
CMS detector response. Each of three points is represented by a sample of 50000 events, which corresponds to
270, 170 and 400 pb~1 of integrated luminosity for points 1-3 respectively. We require at least 2 jets with E, >
40 GeV in |77 | < 3and E™iss> 100 GeV. One and only one lepton has to be detected within the acceptance, with
pf > 20GeV in |n¢| < 2.4, and pi’ > 10 GeV in the variable n acceptance. Muons are not required to be isolated,
whilst electrons are [3].

“Point 1" differs from other points by the presence of 2-body decays of ¥3 and x7~ into sleptons. Decays of %3 do

not play however asignificant rolein lepton production, the main source of leptonsisthe decay chain: § — ;zli q
~0 7+

-

“Point 2" is characterized by 3-body decays of x93 and ili with a significant yield of leptons. The gluino, likein
Point 1, isabit heavier than the squarks, thus decays into them, leading to an abundant production of %3 and ;ﬁ

“Point 3" is similar to Point 2 from the point of view of %9 and ¥ decays, but the gluino is now lighter than
squarks (except stop), and gg production dominates. The gluino has 3-body decays into ;2‘1),2 qq or ;"Cli qq. The
overall pictureis more complicated than in Point 2, but the net result is that Point 3 has a lower yield of leptons
than Point 2.

From Tables 1 and 2 one can already expect that Point 2 should be |ess affected by muon trigger coverage since it
has the lowest relative muon content in leptonic sum and highest average number of leptons per event. Thus the
second lepton can recover the event if the first one is out of acceptance. Table 3 and Fig. 6 show the dependence
of thesigna yield (relative to nominal 7., ¢ Coverage of 2.4) on muon acceptance.

Table 3: Relative signal vaue vs muon acceptance (% of nominal 7%, &= 2.4 coverage).

Point nfrig

24 [ 21 ] 16 [ 12 [ 08
1000 | 97.7 | 91.1 | 815 | 68.6
100.0 | 99.4 | 97.2 | 915 | 835
3 1000 | 984 | 92.7 | 83.7 | 70.3

N -




4.2 Two lepton final states

If "low-energy’ supersymmetry (SUSY) is realised in Nature it should show up at the LHC. Once evidence for
SUSY established, one of the first tasks will be to reconstruct sparticle masses and to find out the underlying
model and determine model parameters. The two same-flavour, opposite-signleptons + E™iss+ jets channel, with
final state éectrons or muons channel was found to be good is particularly promissing for such astudies[4, 7]. The
events with two same-flavour, opposite-signleptons + E™i*+ jets have been analyzed withinthe framework of the
minimal Supergravity Model. The signature ¢4~ + EMis+ jets selects the §9 leptonic decays ¥ — x9¢1¢-,
and the X3 — If o¢F — %2¢+¢~. Within this model, %9 has two-body decays %3 — I3 R¢F in the region
mo < 0.5-my/y of the parameter space, whereas in theregion mo > 0.5 - my /5, my/a < 200 GeV it has three-
body decays x5 — £t £~ x?. In both regions the dilepton mass spectrum M,+,- has a pronounced structurewith a
sharp edge at the kinematical endpoint M35~ . The regions of the (mo, m, /2) parameter plane where the edge in
the M,+,— spectrum is expected to be visibleat different luminositiesare shown in Fig. 84, 7].
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Figure 8: Domain of (mg, my/,) parameter space of MSUGRA-MSSM model explorable by £+ £~ + Emiss final
states. The reach is defined as 5¢ boundaries, where e = S/+/S + Bsar.

Now we discuss sensitivity of the £+~ + EM™iss+ jets channel to muon trigger acceptance. Two cases are consid-
ered. First, acase when the electron trigger is switched on (njrig:2.4) allowing to exploit thischannel, with either
electrons or muons, and, second case, switching electron trigger off we are left with just ut = + E™iss+ jets. The
study is performed for [£ = 10 pb=! and f£ = 10* pb~!. Two representative mSUGRA points are chosen.
The point my=105GeV, m,;,=181GeV, tan 8=2, p <0, Ao=0 isreachable already with f£ = 103 pb~! [7]. To
observe an edgein the M,+,- distributionswith the statistics provided by an integrated luminosity [£ = 10% pb~*
it isenough to require two hard isolated | eptons of pf” >15GeV with alarge missing energy, Eiss>100 GeV.

Withincreasing mo and m; ;, cross-sections are decreasing and higher luminosity and harder cuts are needed. For

a point my=150GeV, m;,,=400GeV (tan3 = 2, u < 0, Ao = 0), 10*pb~*, with cuts p:>* > 20 GeV and
Emiss> 200 GeV to suppress sufficiently the background.

Fig. 10 shows the event rate for these two points (relative to full acceptance né‘rig:ZA) when both electron and
muon triggers are switched on. To keep the muon trigger acceptance up to at least 1.2 isimportant. The case when
the electron trigger is switched off (Fig. 9) is much more critical. In this case a muon trigger coverage of at least
nfrigzl.S is necessary for not suffering an acceptance loss in excess of 10%. Note that this channel is not too

sensitive to forward acceptance as £+ £~ pairs come from chain decays of massive and centrally produced § and §.
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4.3 Multi-lepton final states

In some specific SUSY scenarios the leptonic decays of x9 can lead to a spectacular sharp edge in the £+4-
mass spectrum as already mentioned. Here we discuss the acceptance for muons from X1i/X cascade decays via
deptons as in this case they are relatively soft and broader in rapidity when compared to the direct decays. A
representative mMSUGRA point with mg = 50 GeV, my;, = 125 GeV, 4o = 0, tand = 2 and p < 0 has been
chosen. The masses of relevant sparticlesare M; = 351 GeV, M; = 310 GeV, M, = 110 GeV, M, = 78 GeV,
Mo ~ MX:{: = 116 GeV and Mygo = 55 GeV. Two detectable edges are e<pected from the x93 decays via left
and rlghtsleptons This point |saccessbleat the Tevatron with /s = 2 TeV, [£ = 10° pb~! in ageneral SUSY
particle searches, but not through the observation of edges in the dilepton invariant mass spectrum.
Events were generated by ISAJET with the CTEQZ2L structurefunctions. Inclusive x5 production and direct mg
pair production processes have been considered which can lead to two- and three-muon final states, respectively:
Xi —  pjr/ir(— px}) —2u (41)
Xixs — vir/ir(— px?) e io/ir(— pxi) —3p (42

Fig. 11 showsthe relative acceptance versus ik, ¢ Coverage for these two processes. Reduction of acceptance below

Mpei o~ 1.6-1.8 would result in asignificant loss.
g —~ ~—~
S110¢ S110¢
~ H N—r
O B 1p D Zu trlggers O 1p D 2|,1 trlggers
© 100 2 ©100 |3
3 g |
5 90 5 9
3 3
3 80 3 8o
@ @
o 70 o 70
= =
E 60 % ; ; ; ; ; ; ; E 60 ¢ o | ; :
[) TR e Q Tt B
@ 50 ;,,,;I,nc;lus;,v,ex,,g,,;ﬁ,,pfu,,,,, @ so :,,,,Dlr,e,ct;xi,x,,g,,ﬁ,;,,?;u; ,,,,,,
407\\\i\Hi\\\i\\\i\\\i\\\i\\\i\\\ 407\\\i\\\‘\\\‘\H‘H\‘\H‘\H‘\H
08 112141618 2 2224 08 112141618 2 2224
n n

Figure 11: Relative acceptance for SUSY decays as a function of muon trigger limit nfrig for 1 and 2u trigger.
mo = 50 GeV, m1/2 = 125 GeV.



5 Top quark physics

Top quark productionisinterestinginitself, as¢-quark propertieswill beamong thefirst topicsto be studied at LHC
startup: myp, branching ratios. Top productionisalso away to investigate H* productionfor my ~ mg < 120-
140 GeV as mentioned in Section 3. Let us discuss sensitivity to muon acceptance.

Events were generated by PYTHIA for a top mass of 175 GeV. The #% pair and single top production processes
with one or two muonsin thefina states have been considered:

113 —  W(— pv/jets) b(— p/jet) — 1p/2p (5.1)
Witb — W(— pv/jets) b(— p/jet) — 1p/2p (5.2)

The W’s and b-quarks were decayed freely. The acceptances have been estimated for low luminosity single and
dimuon triggers. Fig. 12 shows the relative acceptance versus ik, ¢ coverage. Incase of two-muon events alogical
OR of singleand dimuon triggers have been applied.

The possibilities to extract single top production in CMS have not yet been investigated. We might need, for
exampl e, tagging of theforward b-jet either by asecondary vertex or viaamuon. The current PY THIA version does
not incorporate the exact matrix element for Wb production, thus our estimates are rather uncertain. Nonethel ess
itisevident that in case of 1 muon fina states, which represents most of top production, the acceptance is directly
proportional to nms
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1 and 2p triggers, myop = 175 GeV.



6 Theb-quark physics

The highest losses due to the reduction of trigger acceptance are expected in b-physics as decay muons are softer
than in channels aready discussed, with long flat plateau in rapidity. The following five reactions have been
considered, with various numbers of muonsin thefinal state:

bb — BY—rtr)+pu+.. — 1u  (6.1)
— BY—ptp7)+.. —2u (6.2
— ptpm 4+ .. — 2u  (6.3)
— J/l/) —ptp™) + .. — 2u  (6.4)

— B9 2(— J/’t/)KS)—I—p,—I— — 3u  (6.5)

The results obtained for reaction (6.1) can be extended for reaction (6.1") having very similar kinematics:
b6 — B%(— DiIrT —xtr KTK )+pu+.. — 1u (6.1)

Events were generated with PYTHIA 5.7, the CTEQ2L structure functions. Only the gg-fusion mechanism of bb
production has been considered (g-splitting yields similar p; and rapidity spectra). The acceptances have been
estimated for thelow luminosity trigger thresholds. Fig. 13 showsthe relative acceptance versus the né‘rig coverage
of the muon trigger. The dimuon trigger is applied for the channelswith > 2 muonsin thefinal states.
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Figure 13: Relative acceptance for b-physics channel s as a function of muon trigger limit nfrig for 2u trigger.

Fig. 14 shows the relative acceptance versus nfrig, but now for single and dimuon triggers combined in a logical
OR for 2 and 3 events. The two-muon channels are most affected by the reduction of 7, . Thisis because
muons from b-decays are rather soft and they rarely cross the single muon trigger threshold of 7 GeV.

For the ultimate b-physics performance estimatesin CMS, at thefirst-level dimuon trigger n dependent p; thresh-

olds have been considered up to now [9], with p, > 4.5, 3.6 and 2.6 GeV for ’7m < 1.5, 2.0 and 2.4, respectively.

In this case the relative |oss in acceptance due to the trigger descoping is much more significant. In reaction (6.4)
for example, trigger limit at || < 1.6 retains only about 20 % of dimuon events [10] compared to 70% retained in
current analysiswith asimplified dimuon trigger including no 5 dependent threshol ds.
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Figure 14: Relative acceptance for b-physics channels as a function of muon trigger limit nfrig for 1 and 2u
trigger.

7 Heavyion physics— Jip and Y detection

There are strong differences in the detection of Jip and T between the barrel and the endcaps in CMS. In the
barrel, each muon must have a high enough p; to reach the muon chambers, p; > 3.5 GeV. Thisis not the case
for the endcaps. The effect is most dramatic for the Ji which is strongly suppressed in the barrel. Practically no
Jrp with p, < 6 GeV will be detected in the barrdl. If we want to go to lower p; ¥ production we must be able
to detect and measure the dimuons in the endcaps. For the T the main conseguence is a limitation in statistics,
which is not negligible. In the barrel alone we expect 30000 T (1S) per month of running time with Pb beams at
nomina luminosity. The situation is more favourable for lighter ion beams for which the luminosities are much
higher. But for Pb beams, this statisticsis not really comfortable, as we must study the collisions as a function
of their centrality deduced from the ECAL information. Further on, we must do (M, p;) correlations. Extending
the detection to the full rapidity range (|| < 2.4) will double the number of measured Y (1S), assuming the same
dimuon reconstruction efficiency in endcaps and in barrel, which has not been proved yet. This extension also
reinforces the competitiveness of CMSvs ALICE for thistype of studies. The situation is summarized in Table 4.
The numbers are dightly different from those quoted above. The numbers in the table are calculated with old
reconstruction efficiency coefficients. In a minimum bias Pb-Pb collision the reconstruction efficiency was about
68 % whilst it is now estimated to be 88% in the barrel, for a V3 tracker without descoping.

Table 4: Acceptances, expected statistics and signal/background ratios in 1 month with Pb beams, in full CMS
acceptance and in barrel only.

full CMS Jhp T T barrel region Jhp T T

acceptance % 35% acceptance | 0.07% | 9%

statistics | 580000 | 55000 | 20000 statistics 31000 | 23000 | 8300
SB 0.17 0.8 SB 18 1.6
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8 Summary and conclusions

The studies presented in previous sections are summarised in Table 5 and Figures 15 and 16. It can be seen that
reducing the trigger coverage down to ;.. g:2.1 does not reduce the physics acceptance for any of the channels
investigated by morethan 10%. Limiting thetrigger tont., g:1.6 separates the channel sunder study in three groups.
SM and SUSY Higgs searches in 4¢%, h, H, A — pp and squark/gluino searches are not affected by more than
10%. The h, H, A — 77 and top physics (including H* — rv) acceptance is reduced by 20-25%. Most of the
b-physics channels suffer a loss of about 30%. Further decrease of the trigger coverage would have a dramatic

effect on al the physics channels investigated.

Table 5: Relative acceptance as a function of muon trigger limit nfrig for 1u and 2u triggers, normalized to
Teig=2-4. The numbers given for A° are also valid for H° and h°.

W [ 21]16[12]08]

| H— 22%) — 4p

[100] 96 88 ] 60

mys tang
A° S > lptjet 140 20| 94| 76| 59| 41
A° 1 lp+ le 140 20| 94| 76| 59| 41
gg — A° — 2 120 30 97| 8| 78| 59
gg — A°bb — 2u 120 30| 100 97| 90| 78
Mo Myj2
SUSY; — 1u 80 180 || 97| 90| 80 | 67
SUSY, — 1u 500 150 || 98| 92| 82 | 67
SUSY; — 1u 200 150 || 99| 96 | 90 | 81
SUSY, — 2u 105 181 98| 94| 82| 65
SUSYs — 2u 150 400 | 99| 96| 88| 70
SUSYs — 2u 50 125 98| 90| 81| 64
SUSYs — 3u 50 125 98| 92| 78| 59
1 — 1u 93| 78| 62 | 44
t— 1y + HE—-7-det 93| 78| 62| 44
Witb — 1u 93| 80| 62| 40
11— 2u 9| 95| 84| 69
Witb — 1u 99| 93| 82| 69
B — J/YK? — 3u 100 | 90| 73| 56
B — J/¥ — 2u(incl.) 91| 69| 52| 35
B —2u 91| 70| 53| 35
bb — 24 (incl.) 91| 72| 52| 35
B rr+1u 89| 73| 53| 39
B — mn KK + 1u (oscillations) 89| 73| 53| 39

Clearly, thisis not an exclusive list of channels but it isillustrative enough of the potentia loss. A channd such
asH — WW — pvpvor pvev (for mg ~ 130-200GeV) could be affected — quaitatively —as A — 77,
h — ~v from Wh with W — uv should be affected comparably to t#; 4 — Zh — uubb comparably to

bbA — ppu, €tc.
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Appendix: Trigger thresholds

Another tool for controlling the trigger rate isthe p; threshold of muon triggers and transverse energy threshold of
calorimeter triggers. In the case of multi-object triggers(like e.g. eu trigger) the optimal threshold can be different
for different combinations of objects.

Proposed sets of thresholds for triggersinvolving a muon are given in Table 6 for three different limits on Second
Level Trigger (LV2) input rates. The threshold denoted by “2-4" means, the minimal possible p; threshold, which
is approximately 4 GeV in the barrel and 2 GeV in the endcaps. The safety factor of 3 isrequired, i.e. the total
output rate of LV 1 should be 3 times lower than the LV2 input limit. It was assumed that the available bandwidth
isequally divided between purely calorimetric triggers and triggersinvolving at least one muon.

Table 6: Trigger rates for selected thresholdsat £ = 10%3cm~%s~1.

LV2 input rate = 100 kHz LV2 input rate = 75 kHz
trigger || thresholds rate (kHz) trigger || thresholds rate (kHz)
type (GeV) individual | cumulative type (GeV) individual | cumulative
L 7 7.0 7.0 L 7 7.0 7.0
o 2-4 05 7.3 o 2-4 05 7.3
e 2-4 7 24 9.2 e 2-4 7 24 9.2
It ep 2-4 4 52 12.8 It ep 2-4 45 3.3 111
Wi 2-4 10 42 14.4 @i 2-4 15 2.0 11.9
p EFiss || 2.4 40 0.2 14.4 w Emiss || 2.4 40 0.2 11.9
nXE; 2-4 100 0.7 14.4 nXE,; 2-4 100 0.7 11.9
LV2 input rate = 50 kHz
trigger || thresholds rate (kHz)
type (GeV) individual | cumulative
I 8 42 42
o 2-4 05 46
e 2-4 8 13 5.6
It ep 2-4 5 26 7.0
i 2-4 15 2.0 8.0
p ERiss | 2-4 40 0.2 8.0
wXE;, || 24 100 0.7 8.0
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