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1 Introduction

In this reports, we redo the calculation of rates and beam times of the MARATHON experiment with its default
settings given in the updated proposal. We also presents the estimation with the optimized settings which pushes
the W2 down to lower values. The detail conditions used in the calculation are indicated in the captions, and also
are summarized in the next section.

Table 1 and Table 2 give the 3H and ®He cross-sections and rates comparison between Makis’s calculation
and our calculations with conditions given below. x’gvg and 04,4 are the average values of x; and cross sections
for all Monte-Carlo events within one bin. For BigBite, we list two rates, one of which is the total rate with the
momentum acceptance from 1 GeV to 11 GeV. The other number, given after the “/” sign, is the rate with the
momentum cut, |[AdP| < 4.5%, which selects the best physics events. The window rate are also given as a reference
and it has no |AdP| < 4.5% cut as we are interested in the total rates. Doug told me that the BigBite acceptance
is not uniform but decreases when the momentum increasing. Hence, this rate is over-estimated by not considering
the acceptance effect.

Table 3 summarizes the rates and beam-times for 2H, *H and *He with the default settings and the new
experimental conditions.The |AJP| < 4.5% cut is applied on BigBite. If we take out BigBite and use only one
HRS, the rates and beam-times are given in Table 4 with the same conditions.

Table 5 has the same settings as Table 4 but takes into account the 10% acceptance reduction because of using
SOS and the 15 cm effective target length that the HRS can only cover at moderate large angles. On top of the
settings applied in Table 5, Table 6 gives the rates and beam-time after including the 20% radiative effect and 20%
overall detector efficiencies and dead-time.

Table 7 lists the optimized settings, by fixing the HRS central momentum at 4 GeV/c, and changing the angles
to obtain the desire x; values. The highest x; point remains as the same. The values of W?2 are smaller than ones
used in the default settings. Table 7 is the same as Table 8 but replacing the cross section model from F2ALLM97
to F1F2IN09.

2 Experimental conditions

The experimental conditions for this rate estimation are listed here:

e The acceptance range of the HRS is:
[0P| < 0.045, |644] < 0.045 rad, and |¢ig] < 0.032 rad.

Hence, the total phase-space is Py(2 - 0.045) x (2-0.045) x (2-0.032) GeV - sr.

e The acceptance range of the BigBite is:
1 < E' <11 GeV/e, |0iy] < 0.17 rad, and |¢ig| < 0.08 rad.

Hence, the total phase-space is (11 — 1) x (2-0.17) x (2-0.08) GeV - sr. When calculating physics rate, I
applied a |AdP| < 4.5% cut.

e The full target length length of 25 cm is used in Table 1 to Table 4. An effective target length (15 em) for
the HRS is used from Table 5 to to Table 8.

e The beam current for 2H is 20 uA, and its density is 0.00496 g/cm3. The target luminosity of 2H is
2.80 x 1036 em =251,

e The beam current for 3H is 20 uA, and its density is 0.00324 g/cm3. The target luminosity of 3H is
1.22 x 1036 ¢m 2571,



The beam current for *He is 25 uA, and its density is 0.00372 g/em?. The target luminosity of 3He is
1.75 x 1036 em =257 1.

A DIS cut, W2 > 4.0 GeV?, is used to select events when estimating rates. For 2 > 0.75, the cut is reduced
to W2 > 3.0 GeV?2.

The beam-time is estimated by assuming we need at lease 25K events for each x point.

e The cross section model is calculated with F2. Three models are available now: Eric Christy and Peter
Bosted’s F1F2IN09 fit, F2ALLM97 and CTEQ-JLab. Current I only use F2ALLM97 here.

— F1F2IN09 provides FY, Fy and Fg. It works well at low Q2. When Q? >~ 10 GeV?2, F§ becomes
negative.

— F2ALLM97 only provides FY. I used John’s R, curve to get Fi'. It agrees very well with the world
data at high Q2. It doesn’t agree with the CLAS6 data at 0.8 GeV2.

— CTEQ-JLab (CJ) only provides PDFs. I simply obtained F2 from u, d and s with their charges. There
is not any corrections included. I used it to cross check with other models.

3 Conclusions

The following table summarizes the total beam-time in days for different settings given in Table 3 through Table 7.
The first row gives the original values in the proposal, while rest of numbers are based on new calculation. New
experimental conditions are given in the previous section. The numbers in the brackets are the beam-time after
removing the highest z; point.

Experimental Settings Total Beam-Time | Total Beam-Time
(Days) w/o x, = 0.87 (Days)

HRS+BB with default Setting 43 35

(from the proposal)

HRS+BB with default Setting 20 16

and no Corrections (Table 3)

two HRS with default Setting 132 96

and no Corrections (Table 4)

two HRSs with default Setting(Table 5) | 244 177

and SOS+Target-Length Corrections

two HRS with default Setting 381 276

and all corrections (Table 6)

two HRS with low W? Settings (Table 7) | 116 11

4 Rate Tables
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