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1 Introdu
tionA te
hnique based on elasti
 ep s
attering has been developed to measure theproton dete
tion eÆ
ien
y/trigger eÆ
ien
y of the hadron (right) spe
trom-eter in Hall-A for the E00102 experiment. The data set, analysis te
hnique,and some results are des
ribed.2 Data set sele
tionRuns from the so-
alled \qq" kinemati
 setting, whi
h 
orresponds to parallelkinemati
s were 
hosen. For all runs in E00102, the ele
tron (left) spe
trom-eter angle was set to 12.5 degrees, and was never moved. The hadron armwas moved to the left and right of the momentum transfer ve
tor in a pair-wise fashion to ��h. As the arm was swung past the ~q dire
tion, runs weretaken in parallel kinemati
s. The runs used for this analysis, along with thepres
ale fa
tors for di�erent trigger types, are shown in Table 1.Run number PS3 PS52082 2440 12084 1500 12086 1500 12088 1500 12090 1500 12803 200 1Table 1: Runs used for this analysis.The PS entries in the tables refer to the pres
ale fa
tors for the two triggertype used for this analysis, T3 and T5. The T3 trigger is a single-arm ele
trontrigger, and the T5 trigger is an ele
tron-proton two arm 
oin
iden
e trigger.These runs listed in Table 1 were all taken with the 0.868652 msr 
ollimatorin pla
e. Other qq kinemati
s runs exist, but several of them were taken usingthe sieve-slit 
ollimator. This is great for opti
s 
alibrations, but 
ompli
atesthis analysis, so sieve-slit runs were ex
luded. A few other runs were takenwith the 0.365918 msr 
ollimator in pla
e. These runs were also ex
luded.The data used were from the July 2004 replay (lo
ated on the silo at/mss/halla/e00102/replay Jul2004). The July 2004 replay was done usingESPACE. The ESPACE hbook �les were 
onverted to ROOT TTree obje
tsusing the h2root utility.
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Figure 1: Normalized missing energy distributions in ep 
oin
iden
e eventsfor the three water foils. Bla
k: foil 1, Red: foil 2, Green: foil 33 MethodThe method used to analyze the proton dete
tion eÆ
ien
y is based on elasti
ep s
attering from the hydrogen nu
lei in the waterfall target. Elasti
 ep
oin
iden
e events are 
ounted, as are single arm elasti
 ele
tron events whereno proton was seen in the hadron arm. The proton dete
tion eÆ
ien
y 
anthen be determined from: �p = NCNC +NA (1)where NC is the number of ep 
oin
iden
es, and NA is the number of anti-
oin
iden
e events where elasti
 ele
tron is seen, but no proton is seen.4 Elasti
 ele
tron-proton 
oin
iden
e sele
-tion4.1 Missing energy 
utsElasti
 
oin
iden
e events are sele
ted using a 
ut on the missing energy. Themissing energy distribution for 
oin
iden
e events in ea
h of three water-foilsis shown in Fig 1.Noti
e that the missing energy distributions for the three foils are shiftedrelative to ea
h other. This suggests that the energy loss 
orre
tions in ES-PACE were not handled 
orre
tly. Inelasti
 events were ex
luded by requiringEmissing < Emax. The Emissing 
uto� values for the three foils are listed inTable 2. 3



foil Emax(MeV)1 5.02 5.63 6.2Table 2: Missing energy 
uts for elasti
 
oin
iden
e event sele
tion.

-0.02 -0.015 -0.01 -0.005 0 0.005 0.01 0.015 0.02
-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

0.02

50

100

150

200

250

300

350

400

 (radians)φ

 (
ra

d
ia

n
s)

θ
foil 1

Figure 2: Angular distribution of ele
trons in ep 
oin
iden
e events in foil 1.The 
hoi
e of 
ut for foil 1 was somewhat arbitrary. The 
uts for the othertwo were determined by shifting the foil 1 
ut by an amount equal to theshift in the peak lo
ation in the Emissing distribution for that foil relative tofoil 1.4.2 Angular 
utsThe distribution of ele
trons in the (�; �) plane for the three foils are shown inFigs. 2,3,4. Re
all that � is the in-plane s
attering angle, measured relative to�0 = 12:5Æ = 0:21817rad and � is the out-of-plane s
attering angle, measuredrelative to �0 = 0.A set of � 
uts were 
hosen to remove the \triangular" regions at the topand bottom of the (�; �) distributions. The 
uts used are listed in Table 3.foil �min(rad) �max(rad)1 -0.007 0.0062 -0.01 0.0093 -0.01 0.01Table 3: Allowed � range for elasti
 ele
trons.4
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Figure 3: Angular distribution of ele
trons in ep 
oin
iden
e events in foil 2.
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Figure 4: Angular distribution of ele
trons in ep 
oin
iden
e events in foil 3.
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Figure 5: Angular dependen
e of Mott 
ross-se
tion.The 
hoi
e of these 
uts is somewhat arbitrary, but the measured eÆ
ien
yis seen to be fairly fairly insensitive to small variation in the values used.The ep 
ross-se
tion has no fun
tional dependen
e on the out-of-planeangle �, but this is not the 
ase for the in-plane angle �. The ep 
ross-se
tion
ontains a fa
tor of the Mott 
ross-se
tion, whi
h varies like sin�4(�+�02 ). Aplot of this quantity is shown in Fig. 5. The �+�0 distributions of 
oin
iden
eevents satisfying �0:005 < � < 0:005 originating in ea
h of the three water-foils are shown in Fig 6,7 and 8. Re
all that �0 is 0.2182 radiansThe � 
ut for ea
h foil was 
hosen to keep the smoothly varying slanted-line portion of the distribution whi
h resembled Fig 5 and throw out theportion at the edges where the a

eptan
e is rapidly 
hanging. The � 
utsused are summarized in Table 4foil �min(rad) �max(rad)1 -0.004 0.0062 -0.005 0.0063 -0.006 0.006Table 4: Allowed � range for elasti
 ele
trons.4.3 �E distributionAfter applying the Emiss and (�; �) 
uts, the quantity:�E = Emeasured � Eelasti
(�s) (2)was 
al
ulated. Here, Emeasured is the ele
tron energy measured by the spe
-trometer, and Eelasti
(�s) is the energy expe
ted for an ele
tron elasti
ally6
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Figure 6: �+ �0 distribution for 
oin
iden
e events originating in foil 1 andsatisfying �0:005 < � < 0:005.
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Figure 7: �+ �0 distribution for 
oin
iden
e events originating in foil 2 andsatisfying �0:005 < � < 0:005.
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Figure 8: �+ �0 distribution for 
oin
iden
e events originating in foil 3 andsatisfying �0:005 < � < 0:005.s
attered through an angle �s. Note that �s is not the in-plane angle � or theout-of-plane angle �, but the angle between the in
ident ele
tron momentumand the s
attered ele
tron momentum. These angles are related by:
os�s = 
os�0 + tan� sin�0q1 + tan2 �+ tan2 � : (3)The energy expe
ted for an ele
tron elasti
ally s
attered through an angle�s is: Eelasti
(�s) = E01 + E0Mp (1� 
os�s) (4)The �E distributions for a

epted 
oin
iden
e events originating in ea
hof the three foils are shown in Fig 9.5 Elasti
 anti-
oin
iden
e spe
trumNext the data set was s
anned for anti-
oin
iden
e elasti
 ep events, eventswhere an elasti
ally s
attered ele
tron is seen in the left-arm, and no event isseen in the right-arm. These events are 
olle
ted by the T3 trigger type. TheT3 pres
ale fa
tors for the runs used in this analysis are shown in Table 15.1 Fidu
ial 
utT3 events are sele
ted in whi
h the dete
ted ele
tron satis�es the same 
utsin the (�; �) plane that were imposed on ele
trons in the 
oin
ident events.The 
uts are listed in Tables 3, 4. 8
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Figure 9: Normalized �E distributions for a

epted ep 
oin
iden
e eventsoriginating in ea
h of the three water-foils. Bla
k: foil 1, Red: foil 2, Green:foil 3.5.2 �E distributionThe quantity �E was 
al
ulated for ea
h T3 event whi
h passed the angular
uts. The distribution of �E, summed over all events from all three foils, isshown in Fig 10. Noti
e that unlike the 
oin
iden
e event spe
trum, where we
ould use an missing energy 
ut to remove inelasti
 events, there is signi�
antinelasti
 ba
kground.Histograms of the type shown in Fig 10 were also generated for ea
h foilseparately. In produ
ing these histograms, the entries were not weighted bythe T3 pres
ale fa
tors for the run.5.3 Ba
kground subtra
tionAn attempt was made to remove the inelasti
 ba
kground from the anti-
oin
iden
e �E spe
trum. The error bars (statisti
al only, pN in ea
hbin) on the �E histogram in the region where the elasti
 peak was seen inthe 
oin
iden
e spe
trum, �20MeV < �E < 15MeV , were set to a largenumber. This was a lame ha
k whose e�e
t was to ex
lude these points fromthe �t. After adjusting the errors, a fourth order polynomial was �t to the�E spe
trum over the range �50MeV < �E < 50MeV . The �t, for theall-foils histogram is shown in Fig 11.Fits of the type shown in Fig 11 were also generated for ea
h foil separately.The value of the polynomial at the 
enter of ea
h bin was subtra
ted from thebin 
ontents to produ
e the ba
kground subtra
ted �E distribution shownin Fig 12. 9
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Figure 10: �E distribution for anti-
oin
iden
e events from all three foils.
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Figure 11: �E distribution for anti-
oin
iden
e events from all three foilsand polynomial �t to ba
kground.
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Figure 12: Ba
kground subtra
ted �E distribution for anti-
oin
iden
eevents from all three foils.5.4 EÆ
ien
y determinationThe 
oin
ident and unsubtra
ted anti-
oin
ident �E spe
tra were both in-tegrated over the range �20 < �E < 15MeV . This range was 
hosenby visual inspe
tion of the 
oin
ident spe
trum. The ba
kground �t wasalso integrated over this range. Note that the pres
ale fa
tor for 
oin
identevents (T5 triggers) was set to 1 for all runs, but the ele
tron single-armevent (T3 triggers) pres
ale fa
tor varied from run to run. In produ
ingthe anti-
oin
ident spe
trum, events were �lled into the histogram with unitweighting, not weighting by the pres
ale fa
tor for the run the event wastaken from. An \e�e
tive pres
ale fa
tor" was 
al
ulated for T3 triggers:PSeff = 1N NXi=0 PSi (5)where N is the total number of anti-
oin
ident events observed, and PSi isthe run dependent pres
ale fa
tor for the ith event. The proton eÆ
ien
y isthen 
al
ulated from: �p = NCNC + PSeffM (6)where NC is the integrated number of events under the elasti
 peak in the
oin
iden
e histogram, and M = NA � NB is the di�eren
e between theintegrated number of events in the elasti
 peak in the unsubtra
ted anti-
oin
iden
e spe
trum (NA) and the integrated number of events in the elasti
peak region of the ba
kground �t (NB).11



5.5 Un
ertainty estimateAn attempt to quantify the statisti
al un
ertainty in this pro
edure wasmade. The eÆ
ien
y 
an be rewritten as:� = 11 + PS� (7)where PS is the e�e
tive pres
ale fa
tor and � = MNC . The standard propa-gation of errors formula was applied:�2� = �2�(����)2 (8)Taking derivatives, ���� = �PS(1 + PS�)2 (9)= ��2PS: (10)Again applying the standard propagation of errors formula,(��� )2 = (�MM )2 + (�NCNC )2 (11)We take �NC = pNC , so that �NCNC = 1pNC (12)For the other term in Eqn 11, we have M = NA�NB . If we negle
t the errorin the �t and take �NA = pNA, then we have:�MM = pNANA �NB (13)Putting all of these pie
es together, we get:�� = ��2PSs NA(NA �NB)2 + 1NC (14)6 ResultsThe proton eÆ
ien
y was measured separately for ea
h water-foil, and also forthe full target. The results obtained using the eÆ
ien
y and error formulasdes
ribed above are summarized in Table 5.12



Foil NC NA NB PSeff eÆ
ien
y un
ertaintyall 681183 878 870.109 842.213 0.990338 0.03593121 169674 203 194.834 827.823 0.961686 0.06428922 254849 331 326.949 854.474 0.986601 0.05937633 256660 344 339.55 838.592 0.98567 0.0588756Table 5: Proton eÆ
ien
y resultsThe results seem to be stable against small variations in the 
hoi
e ofthe angular 
uts. The eÆ
ien
y results show more sensitivity to variationin the integration range used for the �E peak. For example, if the regionof integration is narrowed to �15MeV < �E < 10MeV , the eÆ
ien
ies
hange to the values shown in Table 6. The observed 
hanges in eÆ
ien
yare probably due to unreliability of the ba
kground �tting and subtra
tionpro
edure (the low statisti
s aren't helpful), although the two results agreewithin the statisti
al un
ertainties. No attempt has been made (yet) toquantify any systemati
 error asso
iated with this measurement.Foil NC NA NB PSeff eÆ
ien
y un
ertaintyall 680114 757 727.072 842.213 0.964263 0.03167961 169439 171 165.16 827.823 0.972259 0.0603932 254386 282 272.853 854.474 0.970192 0.05309413 256289 304 280.355 838.592 0.928189 0.049151Table 6: Proton eÆ
ien
y results, using a more narrow �E region.
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