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Abstra
tIn the pro
ess of generating 
ross se
tions, the performan
e ofthe dete
tors has to be evaluated. Thus hardware and softwareeÆ
ien
ies are studied in order to 
orre
t the 
ross se
tion. Inthis note, the s
intillators and the verti
al drift 
hambers (VDC)are examined in detail.



1 VDC: one-tra
k eÆ
ien
y1.1 General
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Figure 1: design [2℄.In order to a
hieve a good resolution in position and angle, ea
h spe
-trometer 
ontains two verti
al drift 
hambers (VDC). Ea
h drift 
hamber ismade of two sense wire planes (368 wires per plane) in a UV 
on�guration asshown on Fig. 1. An ele
tri
 �eld is 
reated by golden-plated Mylar planespowered at -4.0kV and pla
ed above and below ea
h sense wire plane. Thedrift 
hambers are �lled with 62% of argon and 38% of ethane in order toavoid 
ontinuous dis
harge.Primary ionization happens when in
ident parti
les (mostly ele
trons andpions) 
ollide with gas mole
ules expulsing ele
trons. These ele
trons thendrift along the �eld lines. Close to the wire the ele
tri
 �eld be
omes purelyradial and a

elerates the primary ionization ele
trons. This gain of energymakes multiple ionizations possible and a signal in the sense wire is thendete
table. Thus the position of the in
ident parti
le 
an be found sin
e thetime between the primary ionization and the signal is proportional to the2



distan
e. [1℄The �rst multi-wire plane in the parti
le traje
tory is at the fo
al planeof the spe
trometer. The parti
les 
ross the wire 
hambers with an an-gle between approximately 38 and 52Æ. Therefore in average �ve wires perplane have �red and the traje
tory of the parti
les 
an be re
onstru
tedvery a

urately: position and angular resolutions about 100�m and 0.5mradrespe
tively.1.2 AnalysisIn order to de
lare an event as good event, at least 3 wires must have �red.However the wire eÆ
ien
y is 
lose to 100% [2℄, therefore by design the VDChardware eÆ
ien
y is 100%.However the software eÆ
ien
y 
alled also one-tra
k eÆ
ien
y 
an beestimate by: � = Ntra
k(f1g)Ntra
k(f0; 1; 2; 3; 4g) (1)It is due to bad tra
king re
onstru
tion or the possibility of several par-ti
les 
rossing the wire 
hambers simultaneously. In the last 
ase, severaltraje
tories be
ome possible and it is diÆ
ult to 
on
lude of a good a badevent. Be
ause multiple tra
k events are about 1% of the total number ofevents, they 
an be safely 
ut away and an un
ertainty on the one-tra
k ef-�
ien
y is added to take into a

ount the good events inside the multipletra
ks.The zero-tra
k events are mostly 
osmi
 rays 
rossing the dete
tor inopposite dire
tion as the s
attered ele
trons and are in bigger per
entage atlower rates as illustrated on �g. 2.
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Figure 2: Parti
le velo
ity (�) for di�erent kinemati
s: left and right plotkinemati
s have a rate of about 100Hz and 20Hz respe
tively. The 
osmi

ontamination is shown in red. The �-optimization was done by N. Liyanage.To estimate the eÆ
ien
y of the good ele
trons, a set of 
uts was applied inorder to dis
riminate between good ele
trons and ba
kground:� heli
ity +1 or -1 is required;� only main trigger events are kept;� PID 
uts are applied [3℄.Then the 
osmi
 events are removed with a loose 
ut on the parti
levelo
ity: 0.0 < � < 2.0.1.3 ResultsDuring the experiment, one-tra
k eÆ
ien
y was better than 99% for bothHRS VDCs (see Fig. 3 and table 1). An un
ertainty of ???% was estimatedto take into a

ount the good events from the multiple tra
ks.In the 
ross se
tion analysis, the eÆ
ien
y for ea
h run will be used. Thisis a good 
he
k of the VDC performan
e along the experiment and runs withproblems 
an be removed from the analysis.4
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Figure 3: All tra
k eÆ
ien
ies for left and right arms.Table 1: Average tra
king eÆ
ien
y for the left and right arm VDCs.# of tra
ks � (%)left right0 0.25 0.281 99.01 99.102 1.05 1.003 0.42 0.434 0.28 0.30
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2 S
intillator eÆ
ien
y2.1 General
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Figure 4: Cartoon.Both spe
trometers use two s
intillators planes (S1 and S2) for trigger-ing [2℄. Ea
h plane is 
omposed of 6 overlapping plasti
 paddles with onephoto-multiplier at ea
h end of a paddle. Di�erent trigger types are asso
i-ated with spe
i�
 s
enarios as illustrated on �g. 4:� Type 1 and 3 are 
alled main trigger for the right and left arms re-spe
tively and are 
onsidered as good events. They are 
hara
terizedby:{ the events trigger the s
intillator planes S1 and S2.{ the angle of their traje
tories are small enough, that is if the eventtrigger paddle #n of S1 then to be ele
ted as a good event it willhave to trigger paddle #n or #(n� 1) or #(n + 1) of S2 and visversa. 6



{ the left and right PMTs of the paddle have �red.� Type 2 and 4 might be good events but failed one of the previous
hara
teristi
s. Thus they are required to have �red a third dete
toras in our 
ase the Cerenkov 
ounter.The various trigger signals are sent to the trigger supervisor and then thedata a
quisition 
an start.Another use of the s
intillators is for the determination of the parti
lespeed (�g. 2) through the time-of-
ight between S1 and S2.2.2 Analysis resultsThe s
intillator eÆ
ien
y is de�ned by:�R(L) = T1(3)T1(3) + T2(4) (2)To estimate the eÆ
ien
y of the good ele
trons, a set of 
uts was appliedin order to dis
riminate between good ele
trons and ba
kground:� heli
ity +1 or -1 is required;� only one-tra
k events are kept;� PID 
uts are applied [3℄.Fig. 5 shows the s
intillator eÆ
ien
y for all runs. The eÆ
ien
y is betterthan 99.8%. Therefore the number of events T2(T4) inside the 
uts are verysmall and the fa
t of 
utting them away in our analysis has a negligeablee�e
t.
7
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Figure 5: S
intillator eÆ
ien
y for the right (top plot) and left (bottom plot)arms. Only good ele
trons were sele
ted.
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