Van de Graaff – EM Data Analysis

Progress Report
LAT-TD-5160-01
November 20,2003
I&T Meeting
Gary Godfrey

1) The DAQ for the BGO is DOS writing an ASCI file.  We tried to start/stop a concurrent VG BGO run for each EM run.  The BGO files were analyzed using MathCad.

2) The EM analysis is done using IDL to read ntuple files using Heather’s Root2IDL subroutine.  For requested runs,  Xin made the ntuple files:
 ebf000000000000_cal.root

cal xtals for each event
Root2IDL works

 ebf000000000000_merit.root

standard merit ntuple
Root2IDL works
 ebf000000000000_ra.root

Eduardo’s variables

No – Root2IDL doesn’t work

3) Single runs were analyzed for 6 different configurations – shown in red on the next page.

4) Attempt to measure energy resolution, efficiency, and psf for the VG photons (without an EM Monte Carlo).

Van de Graff  Runs
	Date
	VG data ~start time
	I col

[ua]
	I beam
[ua]
	BGO Data File
	BGO Run Time [sec]
	Avrg [/sec] in peak
	EM Run ID
	EM Fits File
	EM Run start
	EM 

Time

[sec]
	EM # of trigs
	Comments

	9-24-03
	OFF
	
	
	
	
	0.
	101001265
	030924144055
	07:41
	10435
	106788
	VG off, EM Vertical, TkrTrig

	9-27-03
	OFF
	
	
	
	
	0.
	101001527
	030928030904
	20:09
	7762
	224519
	VG off, EM Vertical, CalLoTrig

	10-2-03
	OFF
	
	
	
	
	0.
	101001565
	031002070924
	00:07
	7029
	200759
	VG off, EM Vertical, CalLoTrig

	
	
	
	
	
	
	
	
	
	
	
	
	

	10-6-03
	
	
	
	
	
	
	101001659
	031006203658
	13:37
	2909
	45649
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	10-6-03
	15:43
	75
	75
	VG27.DAT
	568
	8.23
	101001662
	031006223700
	15:37
	676
	13939
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	10-6-03
	15:50
	75
	75
	VG28.DAT
	3438
	11.16
	101001663
	031006225113
	15:51
	3542
	96331
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	10-6-03
	16:51
	75
	75
	VG29.DAT
	2736
	14.30
	101001664
	031006235353
	16:54
	2828
	97705
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	10-6-03
	17:45
	75
	75
	VG30.DAT
	1196
	13.35
	101001665
	031007004501
	17:45
	1152
	38411
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	
	
	
	
	
	
	
	
	
	
	
	
	

	10-7-03
	08:50
	75
	75
	VG31.DAT
	3541
	9.67
	101001716
	031007155141
	08:52
	3800
	89112
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	10-7-03
	10:56
	75
	75
	VG32.DAT
	4918
	5.53
	101001717
	031007174453
	10:45
	5392
	82419
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	10-7-03
	12:31
	75
	75
	VG33.DAT
	4145
	5.29
	101001718
	031007191651
	12:17
	4789
	70305
	BGO(-45º,6.0”), VG into EM front face, TkrTrig

	10-7-03
	13:49
	75
	75
	VG34.DAT
	3057
	4.49
	101001719
	031007204622
	13:46
	325
	7154
	BGO(-45º,6.0”), VG into EM front face,1/16” Pb after target, TkrTrig

	10-7-03
	
	
	
	
	
	
	101001720
	031007205902
	13:59
	1292
	23039
	BGO(-45º,6.0”), VG into EM front face,1/16” Pb after target, TkrTrig

	10-7-03
	
	
	
	
	
	
	101001723
	031007213829
	14:39
	1499
	6152
	BGO(-45º,6.0”), VG into EM front face,1/16” Pb after target, TkrTrig

	10-7-03
	16:46
	75
	75
	VG35.DAT
	4986
	5.47
	101001726
	031007231726
	16:18
	226
	10023
	BGO(-45º,6.0”), VG into Cal side hole ¾” from Al, CalLowTrig

	10-7-03
	
	
	
	
	
	
	101001727
	031007232933
	16:30
	25
	81
	BGO(-45º,6.0”), VG into Cal side hole ¾” from Al, CalLowTrig

	10-7-03
	
	
	
	
	
	
	101001728
	031007233111
	16:32
	1509
	70541
	BGO(-45º,6.0”), VG into Cal side hole ¾” from Al, CalLowTrig

	10-7-03
	
	
	
	
	
	
	101001729
	031008000405
	17:04
	209
	10043
	BGO(-45º,6.0”), VG into Cal side hole ¾” from Al, CalLowTrig

	10-7-03
	
	
	
	
	
	
	101001730
	031008001544
	17:16
	22
	50
	BGO(-45º,6.0”), VG into Cal side hole ¾” from Al, CalLowTrig

	10-7-03
	
	
	
	
	
	
	101001731
	031008002123
	17:22
	854
	10093
	BGO(-45º,6.0”), VG into Cal side hole ¾” from Al, TkrTrig

	10-7-03
	
	
	
	
	
	
	101001734
	031008005351
	17:54
	1065
	54476
	BGO(-45º,6.0”), VG into Cal side hole ¾” from Al, CalLowTrig

	
	
	
	
	
	
	
	
	
	
	
	
	

	10-8-03
	
	
	
	
	
	
	101001747
	031008165824
	09:59
	117
	5382
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, CalLoTrig

	10-8-03
	
	
	
	
	
	
	101001748
	031008170312
	10:04
	65
	3228
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, CalLoTrig

	10-8-03
	
	
	
	
	
	
	101001749
	031008170650
	10:07
	107
	5534
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, CalLoTrig

	10-8-03
	
	
	
	
	
	
	101001750
	031008171135
	10:12
	197
	5087
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, CalLoTrig

	10-8-03
	10:19
	60-75
	75
	VG36.DAT
	515
	8.98
	101001751
	031008171719
	10:18
	381
	20180
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, CalLoTrig

	10-8-03
	10:31
	60-75
	75
	VG37.DAT
	1231
	7.85
	101001752
	031008172901
	?
	1150
	55560
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, CalLoTrig

	10-8-03
	10:53
	75
	75
	VG38.DAT
	1167
	8.88
	101001754
	031008175214
	10:53
	958
	50725
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, CalLoTrig

	10-8-03
	11:16
	75
	75
	VG39.DAT
	3812
	9.44
	101001755
	031008181231
	11:13
	3598
	22447
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, TkrTrig

	10-8-03
	12:20
	75
	75
	VG40.DAT
	7755
	10.47
	101001756
	031008191523
	?
	5669
	36656
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, TkrTrig

	10-8-03
	14:30
	75
	75
	VG41.DAT
	5699
	11.56
	101001757
	031008212455
	14:25
	6080
	41733
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, TkrTrig

	10-8-03
	16:13
	75
	75
	VG42.DAT
	5926
	12.02
	101001758
	031008230822
	16:09
	6011
	41835
	BGO(-45º,6.0”), VG 45º into 1-2 xtals below EM-Cal boundary, TkrTrig

	
	
	
	
	
	
	
	
	
	
	
	
	

	10-9-03
	OFF
	
	
	
	
	0.
	101001759
	031009071605
	00:16
	7768
	30939
	VG off, EM Horizontal, TkrTrig

	10-9-03
	OFF
	
	
	
	
	0.
	101001760
	031009092725
	02:27
	4942
	19594
	VG off, EM Horizontal, TkrTrig

	10-9-03
	OFF
	
	
	
	
	0.
	101001761
	031009105206
	03:52
	3871
	15401
	VG off, EM Horizontal, TkrTrig

	10-9-03
	OFF
	
	
	
	
	0.
	101001762
	031009115801
	04:58
	3966
	99874
	VG off, EM Horizontal, CalLowTrig

	
	
	
	
	
	
	
	
	
	
	
	
	

	10-10-3
	OFF
	
	
	
	
	0.
	101001792
	031010110401
	06:16
	7923
	28260
	VG off, EM Vertical, ScintTrig

	10-10-3
	OFF
	
	
	
	
	0.
	101001793
	031010131704
	08:54
	9404
	33506
	VG off, EM Vertical, ScintTrig


BGO Van de Graaff Photon Flux Monitor

The BGO Monitor is a  (7 x 7)  array of  (2 cm x 2 cm x 20 cm)  BGO xtals placed a fixed distance behind the VG target at -45°.
The gains of all xtals were adjusted to be the same (~±5%) by using a Co60 source and adjusting the individual PMT HVs.

The xtals in each of the four regions in red are analog summed, and the four analog sums are digitized by an Xtal Ball Integrate/Hold Module.

The trigger is:  Analog Sum of All  25 Xtals in red > 4 MeV

A  3 x 3 fiducial volume is defined by requiring  ( E1+E2 )  >  (E3+E4 ).
A cosmic spectra (blue) with the VG off is scaled and subtracted from the VG on spectra (red). 
The histograms are in 5% energy bins. 
An average BGO photon rate is measured for a BGO run corresponding to each EM run.
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Oct 21,2003
Gary Godrey
Updated: 11718/03

VeSideCalTrig, =35 BC0rate, + 29,
Hof45CalTrig, =31 BGOxate, + 25
HorFroniTTrig, =22 BGOrate, +35

HorFrontPhTiuTsig, =13 BGOrate, + 35

VerSideTheTrig, :=03BGOrate, + 104

Hof45TiuTrig, =03 BGOrate, +35

EMisigs,

EMate
i Ehime,

Trig Meanings

G front face, TkiTrig_, EM Horiz
/G side hole, CallowTrig, EM Vert

3=VG side hole, TkiTrig . EM Vert

G front face, CallowTrig, EM Horiz
/G 45 deg , CallowTrig, EM Horiz
6=VG45deg . ThiTrig . EM Horiz
G front face, Pb, TkiTrig , EM Horiz




 
Calorimeter Plots

VG_Front_TkrTrig
VG30.dat

ebf031007004501
BGO=13.35 Hz

38,410 events / 1152 sec = 33.3 Hz [image: image5.png]; }hhﬁﬂhﬂ{ﬁ“ﬂ*##** #][ *HJ
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EM Energy Spectra for Various Configurations
Only LEX8 used.
Nov 19, 2003
Pedestals are the average of the lowest 90% of events for each adc.                     Gary Godfrey
Gain of .05 MeV/chan used for all adcs.

Plots are the sum of largest 18 adc energies for each event.
Require at least one adc > 2 MeV before adding the event a histogram.
Histogram bins are 10% wide in energy

Calculated

EM/BGO
EM/BGO 
Cosmics – EM Horizontal – TkrTrig
0.
0.
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VG–Front Center of EM–TkrTrig (trig rate slope)
2.2
2.2
VG–Front Center of EM–TkrTrig (ecal peak area)
  .61
  .57
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VG–2 xtals below CalTkr interface at -45º–TkrTrig (ecal peak area)
.029

[image: image9.png]




Cosmics – EM Vertical – Cal Low Trig
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VG–Cal Side Hole–Cal Low Trig (trig rate slope)
3.5
20.
VG–Cal Side Hole–Cal Low Trig (ecal peak area)
2.9
20.
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EM Angular Resolution


Tkr1 position in top layer
Tkr1 extrapolated to Target Z=50. mm
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                              Tkr1ZDir 
Van de Graaff Radiation

The VG produces ~2 mR/hr of radiation downstream of the target.  The radiation is in a tightly collimated beam approximately the same diameter as the beampipe.  It is low energy photons because 1/16” of lead cuts the rate by approximately a factor of 10.

OHP provided a high purity Ge detector and we measured the following spectrum.  The detector is ~10 feet downstream of the target and the VG is set to ~70 uA column current (~700 kV).

The line at 59 keV is from an Am241 source that was briefly put in front of the detector for calibration. The Am241 also has a 26 keV line of ~1/15 the intensity which is not seen (presumably because of some source or Ge window absorber).  
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The present hypothesis is that the xrays are bremstrauhlung photons from electrons traveling back upstream in the VG.  The 700 keV electrons brems in a low or medium Z material such as the silver (?) accelerating electrodes (K ~22 keV).  Some of the brems photons Compton scatter backwards off electrons (calculated max energy of 174 keV).  These xrays are collimated by the steel beampipe and emerge downstream.  The K xrays are not seen because of the window or inefficiency of the Ge detector at lower energies (as indicated by the absence of the AM241 26 keV line).
Some Fixes for Next  EM Data Taking
1) For the VG into the front face of the horizontal EM, take data at several distances of the Target to Tracker Face as shown in the table below.  This will allow an extrapolation of the target angular size to 0. for measuring the EM PSF.
	Target to TkrFace

[inches]
	Target to first converter layer

[cm]
	±Angular size of target

[degrees]
	Relative photon flux

	.75
	5.
	21.  (Oct 2003)
	1        (~32 Hz  + 2 Hz cosmic)

	2.75
	10.
	11.
	1/4

	4.0
	15.
	7.
	1/9


2) Since the VG intensity is often variable, be more careful to start/stop VG runs in unison with the EM runs.

3) Take runs at various CalLow discriminator settings to know that the CalLow trigger is at max efficiency for 17.6 Mev photons.

4) Lead collimate the photons (to the size of the 3” diam hole in the grid aluminum) entering the Cal from the side so a well defined solid angle of photons from the source enters the CsI.  This defined solid angle and an ~100% efficient CalLow will provide a check on the assumption of isotropic photon flux from the target.
5) Be more accurate in measuring the distance from the BGO to the target and from the EM to the target (eg: 6.0” ±1/16”  instead of  ±1/4”).

6) Put run comments into the end of run comment box, rather than in the daily log file.  Otherwise, it is difficult/time consuming to associate the comment with its run.

7) Make the event time stamps work (now they are all zero).

8) Write down the various data taking configurations beforehand and keep a running total of the number of triggers collected for each one.
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Cos95=.46      Cos68=.88


      95=63.°           68=30.°


(68%) 





~0° Effic  =  per steradian seen in EM    


                    per steradian seen in BGO





                = 1200/(.02 x 2 ster)


                   1152 sec x 13.35 Hz /(.15 ster)





                = .093 ± .01   (due to ±5% BGO dist error)





68 Measured = acos(.88) = 28°   (at 0°)


95 Measured = acos(.46) = 63°   (at 0°)





target ~ (.75”/2.0”) x (180/) = 21°





68 EM PSF ~ sqrt(68 Measured2 -target2) = 21°


95 EM PSF ~ sqrt(95 Measured2 -target2) = 59°








CalLow Xtal > 4Mev seems very inefficient for 17.6 MeV photons.
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