Effect of dark current rate and RF with Full PYTHIA simulation
The following is the results on rejection factor after including different

RPC dark current rate.  All the result come from 1M full PYTHIA 500GeV minbias

events without doing any pre-cut. The way I handle the dark rate is the

following:

  (1). assuming 100ns timing window for the future RPC. This is actually too wide but to give a upper limit on the effect.

  (2). input dark rate from Beijing: 10Hz/cm^2. I also calculate the result

        under 100Hz and 1000Hz to see how the trigger behaved under

        extreme condition.

  (3). The dark rate per event in the RPC1 and RPC2 is:


input_dark_rate(i.e. 10, 100, 1000Hz/cm^2)* RPC_area * 100ns

The result can be seen in the following tables. One can see when dark rate is

10Hz/cm^2, the RF reduced by 10%. Then increase to 100Hz/cm^2, the RF reduce by

.............................................................

Input PYTHIA 500GeV #evt: 1e6

(location: /direct/phenix+data12/xiewei/forward_charm_bottom/PISA/500GeV)

RPC1 is in front of MuTr#1, RPC2 is between MuTr#3 and MuID#1

----------------------

RPC noise: 0Hz/cm^2 |

----------------------------+----------+-----------+-----------+--------

angle cut(degree): 1              2         3           4           5

----------------------------+----------+-----------+-----------+--------

accepted #evt:     88            179       259         313         389

----------------------------+----------+-----------+-----------+--------

reject factor:  11352+/-1210 5581+/-417 3857.+/-240 3191.+/-180 2568.+/-130

============================+==========+===========+===========+============

angle cut(degree): 6              7         8           9           inf

----------------------------+----------+-----------+-----------+--------

accepted #evt:    475            545       636         705         1269

----------------------------+----------+-----------+-----------+--------

reject factor: 2103.+/-96    1833.+/-78 1570.+/-62  1417.+/-53   787.+/-22

----------------------------+----------+-----------+-----------+--------

---------------------

RPC noise: 10Hz/cm^2 |

----------------------------+-----------+-----------+-----------+--------

angle cut(degree): 1              2         3           4           5

----------------------------+-----------+-----------+-----------+--------

accepted #evt:    97             203       291         358         440

----------------------------+-----------+-----------+-----------+--------

reject factor: 10298.+/-1045 4921.+/-345 3432.+/-201 2790.+/-147 2270.+/-108

============================+===========+===========+===========+========

angle cut(degree): 6              7         8           9           inf

----------------------------+-----------+-----------+-----------+--------

accepted #evt:    534            601       687         748          1274

----------------------------+------ ----+-----------+-----------+--------

reject factor: 1870.+/-80    1662.+/-67 1454.+/-55  1335.+/-48    784.+/-22

----------------------------+------ ----+-----------+-----------+--------

-----------------------

RPC noise: 100Hz/cm^2 |

----------------------------+-----------+-----------+-----------+--------

angle cut(degree): 1              2         3           4           5

----------------------------+-----------+-----------+-----------+--------

accepted #evt:    271            463       635         743         828

----------------------------+-----------+-----------+-----------+--------

reject factor:  3686.+/-223  2157.+/-100 1573.+/-62  1344.+/-49   1206.+/-42

============================+===========+===========+===========+========

angle cut(degree): 6              7         8           9           inf

----------------------------+-----------+-----------+-----------+--------

accepted #evt:    909            978      1048         1093         1295

----------------------------+-----------+-----------+-----------+--------

reject factor:  1099.+/-36    1021.+/-32 953.+/-29    913.+/-28    771.+/-21

----------------------------+-----------+-----------+-----------+--------

-----------------------

RPC noise: 1000Hz/cm^2 |

----------------------------+----------+-----------+-----------+--------

angle cut(degree): 1              2         3           4           5

----------------------------+----------+-----------+-----------+--------

accepted #evt:    1627          1627      1627         1627        1627

----------------------------+----------+-----------+-----------+--------

reject factor:  614.+/-15     614.+/-15 614.+/-15   614.+/-15    614.+/-15

============================+==========+===========+===========+========

angle cut(degree): 6              7         8           9           inf

----------------------------+----------+-----------+-----------+--------

accepted #evt:    1627          1627      1627         1627        1627

----------------------------+----------+-----------+-----------+--------

reject factor:  614.+/-15     614.+/-15 614.+/-15   614.+/-15    614.+/-15

----------------------------+----------+-----------+-----------+--------

New rejection factors using full pythia simulation

In the last forward collaboration meeting, there's the concern that

the input PYTHIA file with filtering cut will result in non-realistic

rejection factor via not including punch-through, etc. One can see in the case of 0Hz/cm^2 dark rate, the rejection factor at 1 degree cut is 11352. Remember the previous number is a factor of 6 higher. 

I did the following 2 checks to see why the rejection become worse after

using the full pythia simulation. The first I did is to see who is

responsible for passing the LUT and passing phi cut in a event. I picked

up 40 events and find:

· 9 events are passed by a single muon which passed both LUT and phi cut.

· 4 events are passed by a single pion which passed both LUT and phi cut.

· 1 event is passed by a single kaon which passed both LUT and phi cut.

· 26 events are passed by random combnination bewteen different particies, where conversion electron is responsible for 9 events.

All electron are from conversions. Fig.1 shows the relative yield of different particles. One can see there’s lots of electrons. 
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Figure 1  relative yield of electrons 

Fig.2 shows where these electrons came from.
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Figure 2. Conversion vertex of electron seen by RPC1/2/3

The details is as following.

1. pion(mom=10.6GeV) passed LUT + phi cut

2. Kaon(mom=3.2GeV) + muon(mom=1.5GeV) passed LUT AND

   Kaon(mom=3.2GeV) + muon(mom=0.2GeV) passed phi cut.

   electron(mom = 0.08GeV) + muon(mom=0.2GeV) passed phi cut AND

   electron(mom=0.1GeV) + muon(mom=1.4GeV) passed LUT AND

   electron(mom=0.1GeV) + muon(mom=0.2GeV) passed phi cut

3. muon(mom=2.55GeV) passed LUT + phi cut

   muon(mom=2.55GeV) passed LUT AND

   pion(mom=0.4GeV)+muon(mom=5.7GeV) passed phi cut.

   electron(mom=0.01GeV) + muon(mom=2.55GeV) passed LUT AND

4. muon(mom=2.3GeV) passed LUT+phi cut

5. muon(mom=6.4GeV) passed LUT+phi cut

6. muon(mom=2.4GeV) passed LUT AND

   electron(mom=0.06GeV) + muon(mom=2.4GeV) passed phi cut

7. pion(mom=14.5GeV) + pion(mom=1.5GeV) OR pion(mom=7.5GeV) OR electron(mom=0.003GeV) passed LUT

   pion(mom=14.5GeV) + electron(mom=0.003GeV) passed phi cut

8. muon(mom=3.9GeV) passed LUT + phi cut

9. kaon(mom=2.8GeV) passed LUT +phi cut

10. electron(mom=0.03GeV) + muon(mom=2.6GeV) passed LUT + phi cut

11. electron(mom=0.003GeV) + muon(mom=4.3GeV) passed LUT + phi cut

12. muon(mom=3.2GeV) passed LUT + phi cut

13. electron(mom=0.006GeV) + kaon(mom=1.93GeV) passed LUT + phi cut

14. kaon(mom=7.22GeV) + muon(mom=3.5GeV) passed LUT + phi cut

15. muon(mom=3.5GeV) passed LUT + phi cut

16. muon(mom=4.0GeV) + proton(mom=2.1GeV) passed LUT + phi cut

17. electron(mom=0.03GeV) + pion(mom=2.6GeV) passed LUT

    electron(mom=0.31GeV) + electron(mom=0.03GeV) OR electron(mom=0.06GeV) passed phi cut

18. muon(mom=3.31GeV) passed LUT + phi cut

19. muon(mom=2.72GeV) passed LUT + phi cut

20. pion(mom=27.5GeV) + electron(mom=0.09GeV) passed LUT

    pion(mom=27.5GeV) +  pion(mom=0.97GeV) passed phi cut

21. muon(mom=4.8GeV) + muon(mom=1.8GeV) passed phi cut AND

    muon(mom=4.8GeV) passed LUT

22. pion(mom=2.55GeV) passed LUT + phi cut

23. kaon(mom=4.0GeV) + muon(mom=1.8GeV) passed LUT + phi cut

24. electron(mom=0.03GeV) + pion(mom=9.2GeV) passed LUT + phi cut

25. muon(mom=4.29GeV) passed LUT + phi cut

26. electron(mom=0.02GeV) + pbar(mom=2.6GeV) passed LUT + phi cut

27. pion(mom=4.8GeV) passed LUT + phi cut

28. pion(mom=0.3GeV) + electron(mom=0.005GeV) passed phi cut  AND

    muon(mom=2.3GeV) passed the LUT

29. kaon(mom=3.2GeV) + muon(mom=3.0GeV) passed LUT + phi cut

30. kaon(mom=1.6GeV) + muon(mom=1.5GeV) passed LUT + phi cut

31. muon(mom=2.4GeV) passed LUT AND

    proton(mom=0.8GeV) + muon(mom=2.4GeV) passed phi cut

32. muon(mom=3.2GeV) passed LUT AND

    pion(mom=1.3GeV) + muon(mom=0.8GeV) passed phi cut

33. pion(mom=2.94GeV) + muon(mom=1.6GeV) passed LUT + phi cut

34. pion(mom=2.17GeV) passed LUT + phi cut

35. kaon(mom=4.5GeV) + muon(mom=2.6GeV) passed passed LUT + phi cut

36. pion(mom=10.8GeV) + pion(mom=2.4GeV) passed LUT + phi cut

37. pion(mom=5.4GeV) + pion(mom=2.9GeV) passed LUT + phi cut

38. proton(mom=2.56GeV) pass phi cut AND

    muon(mom=2.24GeV) passed LUT

I also try to implement filter in the analysis code, trying to recover the

previous larger rejection factors:

    o check PISA hits at RPC1 and RPC2, if either of them has a hit

coming from muons that has a 1.2<|eta|<2.4 and mom>1.0 and decay

Z_vertex<50cm, let it pass through the rest of the algorithm, namely

uIDLL1 + angle cut + LUT. Otherwise, the event will be rejected without

passing the rest of the algorithm. The rejection factor is listed in the

following table. One can see the RF is largely increase compare to the

case of fully PYTHIA simulation. The RF here will also larger than the

original RF calculated from the filtered events for unkown reason.

However, above results shows most of the acceptance is caused by random

combination of different particles. Only filtering out the muons that fall

inside the acceptance will bias the RF to a much higher value.

----------------------------+----------+-----------+-----------+--------

angle cut(degree):     1            2             3             4

------------------------------+--------------+-------------+-----------

accepted #evt:         5            14            22            26

------------------------------+--------------+-------------+-----------

reject factor:  199800+/-89353 71357+/-19070  45409+/-9681  38423+/-7535

============================+==========+=================+===========+==

angle cut(degree):  5               6           7              8

----------------------------+-------------+--------------+-----------+--

accepted #evt:     36               43          48             57

----------------------------+-------------+--------------+-----------+--

reject factor: 27750+/-4624   23232+/-3542  20812+/-3003   17526+/-2321

============================+=============+===========+===========+=====

angle cut(degree):  9           inf

----------------------------+----------+-----------+-----------+--------

accepted #evt:     65           139

----------------------------+----------+-----------+-----------+--------

reject factor:  15369+/-1906  7187+/-609

----------------------------+----------+-----------+-----------+--------

The W efficiency and rejection factor at smaller angle cut is:
Input 1e6 Pythia minbias events.

------------------+---+-----+----+----+---+---+---+---+--+----

angle cut(degree): 0.2    0.5   0.7   1     2    3    4    5    6   inf

# of accepted:     21     47    68    87   179  260  317  391  476 1266 

Rejection:       47571   21255 14691 11482 5581 3842 3151 2554 2098  789 

------------------+---+-----+----+----+---+---+---+---+--+----

W efficiency:    0.35   0.65    0.72 0.77  0.81 0.82 0.82 0.82 0.82

------------------+---+-----+----+----+---+---+---+---+--+----
One can see when the angle cut is less than 1 degree, we start to lose efficiency. 
The following picture is the efficiency vs. mom at different angle cut (in degree). The inefficiency caused by the LUT is not taken into account. 
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Figure 3
The W-efficiency as a function of angle cut is shown in the following plots:
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Figure 4
