Analysis of events taken with VdG on EM at 135deg

Tune Kamae (18 Feb 04; 12 Mar 04; 16 Feb 05)

Substantially updated in Feb 04 with help from Gary Godfrey

Sec.1: Motivation for this Van de Graff run 

The test described here has been planned and conducted as a part of effort to explore possible use of Van de Graaff (VdG) gammas in the FM I&T, walk through the entire procedure, and feed experience back to the I&T team.  The goal has been to study on a class of background generated by low energy gammas, electrons, and positrons entering the Large Area Telescope through Calorimeter.  Although extensive tests at an accelerator site have been planned after the FM LAT has been integrated and tested, we saw an opportunity for a simple study on this class of background by injecting VdG gammas from the calorimeter end of the EM tower or a FM tower.  This report describes an attempt along this line of thought with the EM tower. 

Sec. 2: Description of the runs analyzed in this report

2.1 Log of the runs
Data taken on Wednesday 2003-10-08 10:00AM - 16:09PM.  The electronic log is at:

http://www.slac.stanford.edu/cgi-wrap/eLog.pl/show?shiftid=200310081&subsys=MAIN 

The following files have been used for CAL LO data.

    C:\LAT\INT\Scripts\VDG_CALLOtrigger.py 

    C:\LAT\INT\Configurations\FullTower_TOT_enabled.xml 

    C:\LAT\INT\Configurations\calParams4MeV.cfg 

2.2 Arrangement of VdG and EM
The EM was laid horizontally with its axis rotated 135-deg relative to the VdG beam axis (see Fig.1).  The end of the VdG beam pipe is approximately 1 inch away from the aluminum casing of the EM.  The beam axis is aimed at the midpoint between the 1st and 2nd layers on the CAL +X side.  Note that we sometimes refer to this EM as EM1.

2.3 Summary of the runs analyzed  

All analyses are based on Merit ntuple files in the directory 

                                           /nfs/farm/g/glast/u08/EM2003/rootFiles/em_v1r030302p5/recon

Table 1a: Summary of VdG and Cosmic Ray Runs Used in This Study

	Run-ID
	Data File
	VdG + CR Trigger
	Time(s)
	Nevts

	101001752
	ebf031008172901.fits
	CalLO thres: 4 MeV
	1150
	55560

	101001758
	ebf031008230822.fits
	TKRtrigger
	6008
	41835


Table 1b: Summary of Cosmic Ray Runs Used in This Study

	Run-ID
	Data File
	CR Trigger  
	Time(s)
	Nevts

	101001761
	ebf031009105206
	TKRtrigger
	3871
	15401

	101001762
	ebf031009115801
	CalLO thres: 4MeV
	3966
	99874


2.4 Coordinate system, numbering scheme and sensor orientation

We follow the GLAST-LAT definition: Fig.1 shows the most essential definitions.

Coordinate:
1. TKR strips
· X strips detect the X coordinate of a track.  Thus, X strips are physically parallel to the Y-axis.
2. CAL logs

· An X log has its principal axis along the X direction.  
Numbering:

1. TKR trays are numbered in increasing order with increasing Z.  The back-most TKR tray (closest to the Grid and CAL) is tray 0.
2. The pair of X and Y silicon detectors closest together are called an XY layer.  The individual X or Y layers are numbered Y0, X0, X1, Y1, etc.
3. The CAL layers are numbered in increasing order with decreasing Z.  The front-most CAL layer is layer 0; the back-most layer is layer 7.  

Plane Orientation:
1. CAL layer 0 (the front-most layer) has X logs, and CAL layer 7 (the back-most layer) has Y logs.

2. A single TKR tray has the same orientation strips on its front and back faces (except for tray 0, which only has SSDs on its front face, and tray 18, which only has SSDs on its back face).  A tray with X strips is an X tray; a tray with Y strips is a Y tray.  

3. Even-numbered trays are Y trays and odd-numbered trays are X trays.  In particular, the front-most and back-most trays (0 and 18) are Y trays.
Miscellaneous:

1.  is angle relative to Z axis.
2.  is polar angle in XY plane starting along the X-axis turning toward the Y-axis.
3. Distances in mm.  
4. Energy in MeV.
2.5 Trigger Condition and Data Taking

Trigger:

· CalLO: Energy deposition greater than “4 MeV” threshold in Calorimeter.  As will be described later, the threshold turned out to be more like 10 MeV NOT 4 MeV. 

· Tracker: 6-in-a-row hit in Tracker.  Note that the “hits” are defined as contiguous groups of contiguous channels with energy deposit greater than a threshold (~0.35 MIP). When there are less than 5 layers with a “hit”, the reconstruction program registers TkrTotalHits=0.  
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Figure 1: Coordinate, numbering scheme, and location of Van de Graff beam pipe

Sec. 3: Estimates on cosmic ray and VdG 17.5MeV gamma trigger rate

Refs.: G. Godfrey, “Van De Graaff – EM Data Analysis Prog. Report” LAT-TD-5160 (Nov. 03)

         G. Godfrey, Particle_Test_Peer_Review_6-22-2004.pdf and other documents in

         http://www-glast.slac.stanford.edu/IntegrationTest/ParticleTest/default.htm
The VdG gamma-ray flux has been monitored by the BGO array placed at a fixed distance from the Lithium target.  Prior to the runs, the BGO array counting rate and the EM1 trigger rate have been mutually calibrated as shown in Fig.2 (from the refs.).

Table 2: Estimation of the Trigger Rate by Gamma-rays Based on the BGO Monitor 

	
	CalLO trigger
	Tracker trigger

	VdG ON
	CR ~25Hz  Gamma~23Hz
	CR~3Hz  Gamma~4Hz

	VdG OFF
	CR ~25Hz
	CR~3Hz
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Figure 2: Trigger rate monitored by the BGO array

The cosmic ray (CR) contributions in the VdG-ON runs (1762 and 1752) are the intercepts of the two lines and the ordinate in Fig.2.  These values will be confirmed in the analysis. 

Sec. 4: Analysis of CalLO trigger runs (101001752 and 101001762)

The CalLO trigger rate was  ~23Hz for VdG gammas and 25Hz for CR (Fig. 2).   Tables 3 and 4 shows the distributions of TkrTotalHits and TkrNumTrackes, repectively, for CalLO trigger VdG-ON (1752) a and VdG-OFF (1762).  

Table 3: TkrTotalHits distribution for CalLO VdG-ON [1752] and VdG-OFF [1762]
	TkrTotalHits
	Total
	0
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	>

	Run 1752
	55499
	54648
	66
	605
	109
	42
	13
	8
	2
	2
	2
	0
	0
	1
	1

	Run 1762
	99874
	96569
	222
	2377
	378
	155
	52
	22
	7
	4
	4
	0
	0
	0
	2


Table 4: TkrTotTracks for CalLO VdG-ON [1752] and VdG-OFF [1762]

	TkrTotTracks
	Tot evts
	Time [s]
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Run 1752
	55499
	1150
	54648
	817
	24
	5
	2
	2
	0
	0
	0
	1
	0

	Run 1762
	99799
	3966
	96569
	3128
	71
	8
	2
	4
	2
	1
	1
	4
	9


Fig. 3a shows CalEnergySum for all events in Run 1752.  The abscissa has been calibrated to MeV.  The distribution for events with TkrNumTracks=1 or more is shown in Fig.3b.  Since the EM1 is set horizontally, we don’t see the broad peak corresponding to 1 MIP crossing the Calorimeter vertically.  Note also the threshold appears more like ~18MeV.
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Fig.3: left) CalEnergySum for all events in Run 1752.  The unit is MeV.  right) CalEnergySum for events with 1 or more reconstructed tracks.

CalEnergySum for Run 1762 without VdG looks completely different as shown in Fig.4.
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Fig.4: Left) CalEnergySum for all events in Run 1762; Right) For TkrNumTracks GE 1.  Unit for the abscissa is MeV.  The slope in the left panel may be due to the difference in the trigger and sampling timing?  Note the sharp threshold-like edge in the right panel.

If we normalize the distributions by the run time, the number of CalLO trigger rate for one- or-more- track events out about the same for Runs 1752 (0.710/s fwhm 7%) and 1762 (0.788/s).  The 2-track events are slightly higher with VdG but statistically insignificant: VdG-ON 0.021/s and VdG-OFF 0.018/s.  We conclude that theCalLO trigger did not capture VdG gammas.

Hoping to find possible sign for VdG gammas, events with any energy deposition other than in CalElayer0 have been rejected.  We get 102 events (0.887/s) with VdG and 351 events (0.885/s) without VdG.  No difference seen.   The distributions of the tracks on the XY plane defined by the VdG target are then studied: we have 851 events in Run 1752 and 3230 in Run 1762 (Fig. 5).  The red solid histogram in the left panel (1752) should be compared with the one in the right panel.  When normalized by the run time, we find less events when VdG is on (0.74/s vs 0.81/s).  So we have to search somewhere else.
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Fig.5: Left) Distribution of intersections of the tracks in the XY plane where the VdG target was in Run 1752. Red-solid is on the plane.  Right) The same distribution for Run 1762.

Sec. 5: Analysis of Tracker trigger runs (101001758 and 101001761)

The Tracker trigger rate for VdG-ON run (1758) was about 6.96Hz of which about 2.98Hz was by VdG gamma rays and 3.98Hz by cosmic rays (see Fig.2).   Tables 5 and 6 shows the distributions of TkrTotalHits and TkrNumTrackes, repectively.

Table 5: TkrTotalHits distr. for TkrTrigger for VdG-ON [1758] and VdG-OFF [1761]
	TkrTotalHits
	Total
	0
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	>

	Run 1758
	41834
	13394
	4826
	15264
	4028
	2164
	1086
	550
	255
	113
	69
	32
	50

	Run 1758

CalELayer0>4
	8678
	1899
	572
	4767
	870
	305
	136
	51
	33
	10
	10
	4
	18

	Run 1761
	15400
	2220
	2140
	7627
	1787
	770
	384
	223
	104
	63
	22
	25
	31

	Run 1761 CalELayer0>4
	4719
	603
	339
	2917
	526
	166
	76
	46
	15
	7
	5
	5
	9


Table 6: TkrTNumTracks for TkrTrig VdG-ON [1758] and VdG-OFF [1761]
	TkrTotTracks
	Tot evts
	Time[s]
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	>

	Run 1758
	41834
	6008
	13394
	27484
	741
	96
	39
	19
	16
	10
	6
	5
	24

	Run 1758

CalELayer0>4
	8678
	6008
	1899
	6548
	153
	15
	15
	9
	7
	7
	3
	4
	18

	Run 1761
	15400
	3871
	2220
	12734
	336
	53
	21
	3
	6
	1
	5
	5
	16

	Run 1761 CalELayer0>4
	4719
	3871
	603
	3969
	108
	10
	8
	0
	0
	0
	3
	4
	14


The difference in the two trigger rates is significant for the tracker trigger runs (1758 and 1761).  We will chase after these VdG excess events below.  

Weextrapolate the reconstructed tracks to the XY plane defined by the VdG target for the 2 tracker-trigger runs, Run 1758 and Run 1761.  Note that the target lies at Y=0 and X~210.  The difference between the distributions (VdG-ON and OFF, normalized by the run times) will be due to the VdG gammas.  We find an excess centered around Y=0 (Fig. 6 left panel: red curve vs black solid curve) and leaning toward X~210 (Fig.7 left panel: red curve vs black solid curve) in all one-track events.  However, the difference disappears when we require CalELayer0>4MeV (Figs. 6 and 7: blue curves and black dashed curves).  This means that VdG gammas did not leave much energy in Calorimeter when they gave 6-in-a-row trigger in the Tracker.
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Fig. 6:  Distribution of the Y coordinate of tracks in the plane defined by the VdG target.  The target is at Y=0.  Left panel: Tracker trigger VdG-ON (Run 1758).  Right panel: Tracker trigger VdG-OFF (Run 1761).  The red dashed curves are for all TkrNumTracks=1 events.  The blue solid curves are for events after additional selection CalELayer0>4MeV.  The black solid and dashed curves in the left panel are the red-dashed and blue solid curves in the right panel rescaled by the ratio of run time, 6008/3871=1.55.  The black arrow shows the full width at half maximum (fwhm) for the difference.
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Fig. 7:  Distribution of the X coordinate of tracks in the plane defined by the VdG target.  The target is at X~210.  Left panel: Tracker trigger VdG-ON (Run 1758).  Right panel: Tracker trigger VdG-OFF (Run 1761).  Definitions of the curves and arrow are the same as in Fig.6

When we plot the energy deposit distribution in the top CsI layer (CalELayer0) for VdG CalLO  (Fig. 8) and CR Tracker trigger (Fig. 9), we note that CalLO trigger eliminates, almost entirely, low energy deposit events (E<10MeV) seen in Tracker trigger.  This indicates that CalLO trigger threshold was around 10MeV, NOT 4MeV.   We also note that Tracker trigger retained very low CalELayer0, leaving a chance to find VdG gammas that left some energy in the Layer0.

Figures 10 and 11 confirm this conviction: this time events with CalELayer0 between 2 and 4MeV have been selected in Runs 1752 (the left panels) and 1761 (the right panels).
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Sec. 6: Conclusion about the initial goal of study 

A good fraction of VdG gammas (E~17.5MeV) entering Calorimeter Layer0 from the side wall have been found to make the Tracker trigger but not the CalLO trigger.  For the reconstructed one-track events (TkrNumTracks=1), the tracks have been extrapolated to the XY plane including the VdG target.  The “image” of the target is wider in X (fwhm=19cm)
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Fig. 10:  Distribution of the Y coordinate of tracks in the plane defined by the VdG target.  The target is at Y=0.  Left panel: Tracker trigger VdG-ON (Run 1752).  Right panel: Tracker trigger VdG-OFF (Run 1761).  The upper histograms are for all TkrNumTracks=1 events.  The lower histograms are for events after additional selection CalELayer0>4MeV.  The red solid and dashed curves in the left panel are the two histograms in the right panel rescaled by the run time ratio 1.55. 

There are two shaded areas of difference: one due to the VdG gammas (Y between 100 and 100) while the other is not understood (Y>200). 
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Fig. 11:  Distribution of the X coordinate of tracks in the plane defined by the VdG target.  The target is at X~210.  Definitions of the curves are the same as in Fig.12.  We find in the left panel, two areas where the gammas originate from: 0<X<200 within Cal; and 200<X<350 outside of Cal.

than Y (fwhm=15cm).  The maximum energy measured for these events is between 2 and 4 MeV, most likely around 3MeV.  The rate difference is 4.57/s  3.29/s = 1.28/s, or 39% of the events taken by the CR tracker trigger.  This can be compared with the rate of reconstructed VdG gamma events when the VdG target was in the front of EM1, ~7/s.

We can identify in the left panel of Fig.11 two X coordinate regions where the gamma tracks originate: the one between X=0 and 200 lies inside the Calorimeter and the other X>200 lies outside of the Calorimeter.  The tracks coming from the former region most likely correspond to scattered gammas while those from the latter may be the gammas passed through the corner of the Calorimeter.   However we note that we see similar excess in the Y coordinate (Fig.10), which we cannot explain.

Sec. 7: Other findings

7.1: Matching CalXEcntr and CalYEcntr with the track in Tracker

When CalEnergySum is used either to select or reject cosmic rays, we have to pay attention to how CalXEcntr, CalYEcntr, and CalZEcntr are calculated.  For small CalEnergySum, the CalE*cntr comes at the centers of X or Y logs (red circles in Figs.12 & 13) because most tracks leave signals only in a X or Y log.  This effect persists for larger CalEnergySum.   
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7.2: Threshold behavior seen for CalEnergySum in CalLO trigger

The threshold behavior seen in Figs. 3, 4, 8and 9 is not easy to understand.  The CalLO trigger should have worked on CalEnergySum at a fixed energy.  The thresholds seen in the Left panels of Fig. 3 (CalLO VdG-ON) and Fig.4 (CalLO VdG-OFF) are quite dull.  On the other hand a sharp threshold appears at 10MeV in CalELayer0 distribution (Fig.8) for CalLO trigger VdG-OFF.  This is consistent with the fact that threshold is applied at the layer level.  If so, we expect a sharp threshold in CalEnergySum at 10MeV and then a upward slope like the one seen between 10 and 20MeV in Fig.4 Left: what seen is different.

Another mystery (?) is a sharp threshold appearing when a reconstructed track is required in CalLO trigger runs (the right panels of Figs. 3 and 4).  Requiring a track favors cosmic muons and produces a bump corresponding at one MIP crossing one Cal Layer.  In the horizontal set-up (all runs analyzed here), most cosmic rays cross Layer0 at larger angles.  Hence it is less likely to produce a bump nor a sharp threshold-like spectrum    We have to spend some effort for Geant4 simulations.
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Fig. 13: CalXEcntr - CalYEcntr for CalEnergySum greater and less than 20MeV for CR CalLO trigger.  The symbols are the same as in Fig.12.





Fig. 12: CalXEcntr - CalYEcntr distr. for CalEnergySum greater (black filled circles) and less (red empty circle) than 20MeV for CR Tracker trigger.





Fig.8: CalELayer0 distribution for VdG CalLO trigger run (Run 1752).





Fig.9: CalELayer0 distribution for CR Tracker trigger (Run 1761).
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