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PHENIX, BNL

Purpose of Appointment:

The purpose of the appointment was to provide undergraduate research experience in the field of experimental nuclear and high energy physics in a professional research environment. 

Description of Work:

The scope of the work was the development and support of various detectors that are going to be a part of the PHENIX experiment at the RHIC (Relativistic Heavy Ion Collider) facility at Brookhaven National Laboratory. It involved the testing and optimization of parts and setups employed in various detectors, such as the Hadron Blind Detector (HBD) and the Time Projection Chamber (TPC). 

Training:

Upon arrival at the Lab, the following safety training courses were required to be completed: 
1. Site Orientation for Guests

2. Cyber Security Training

3. Radiation, ALARA, and Hazards for Physics Dept.

4. Collider User Training

5. PHENIX Awareness Training

6. Radiation Worker I

7. Electrical Safety I 

8. Compressed Gas Safety

Projects and Methods:

I. Testing and comparison of GEM foils from different manufacturers

The upgrading of existing detectors as well as the installation of new detectors that employ Gas Electron Multipliers (GEM’s), required the testing of performance of GEM foils produced by different manufacturing companies, in order to determine which GEM foils show the most ideal and reliable behavior.


Sets of GEM foils from three different manufacturers, the Instrumentation Division at CERN, Tech Etch, and 3M, were tested for their impedance, leakage current, gain stability in time, gain with respect to foil potential, and % resolution. 


Each set was tested in a triple-GEM detector setup (see figure 1), in an Ar/CO2 (70/30) gas environment. The gas within the detector volume was constantly being recycled through a gas input and output, at a relatively low flow rate. The drift, transfer, and induction gap electric fields were kept constant for all measurements, as shown below:

Edrift = 0.4kV/cm

Etransfer1 = 2.5kV/cm

Etransfer2 = 3kV/cm

Einduction = 3.5kV/cm
Figure 1: Triple-GEM Setup
[image: image1.png]detector

volume
e p—
a1
=
M3 nductir
—_—
T T signal-to
ADC channel
HY electrodes
gas

inputioutput





The detector was illuminated with a semi-collimated X-ray beam from a 5.9keV 55Fe source. The X-rays ionized the gas within the drift volume of the detector, and produced clusters of primary charge, which cascaded through the transfer and induction gaps, and were collected at the anode, as a signal. The signal was then read into a single ADC channel, and a pulse high distribution was obtained. From the pulse height distribution, the gain was determined. 


The stability measurement was conducted at a potential of 340V applied across each GEM foil; each potential (including the drift, transfer, and induction potentials) was provided by a separate HV supply. The stability measurement extended over an average period of 24hrs for each set of foils. A separate measurement for 370V across each GEM foil was performed for the CERN foils, to verify their stability at a higher gain. 


The gain measurement was conducted for the range of 320V –380V across each GEM foil; again, each potential was provided by a separate HV supply.

II. Transmittance measurements of UV light in Ar gas


A transmittance monitor is in the process of being developed and optimized to be used as a part of the HBD, a detector which is planned to be installed in PHENIX by the end of year 2005. The HBD requires a pure CF4 gas environment, which is transparent to UV light, in order to work efficiently. A transmittance monitor is currently being developed in order to monitor the UV transmittance within the gas volume of the HBD and ensure that O2 and H2O concentrations within the gas volume, which are the main contributors to UV absorbance, remain well below tolerable levels during the HBD operation. 


Using a McPherson 234 Vacuum UV Spectrometer, UV light transmittance measurements were conducted in Ar, a gas which is also transparent to UV light. (Bottled (4.8) Ar gas was used for all the measurements.) The spectrometer part of the monitor (see figure 2) is always under vacuum, and it contains a 100W deuterium lamp of output wavelength range 1100-2000Å. A high vacuum system is provided for the both the spectrometer and the detector part. The detector part is also supplied with a gas input and output, and it contains two photomultipliers: one in regular PMT mode, and the second one in photodiode (PD) mode, which acts as a monitoring device for the first one. Two gas analyzers, one for O2 and one for H2O, are connected to the gas system after the gas output of the detector and record the real-time concentration of O2 and H2O in a ppm scale.
Figure 2: UV Transmittance Monitor Setup
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For each transmittance measurement, two consecutive scans – one in Ar gas and the following one in vacuum – were taken. The transmittance was obtained by taking the ratio of the output current of the PMT in Ar gas over its output current in vacuum at each photon wavelength. By varying the O2 and H2O concentration levels in the gas volume, a family of transmittance curves was obtained for UV photons of wavelength 1100-2000Å. For each measurement the O2 and H2O ppm levels were recorded.  


During gas scans, the Ar gas was constantly being recycled at a flow rate ranging from 100-1000sccm. A micrometer valve was installed in the gas input, which regulated the flow (and concentration) of bottled O2 gas introduced into the gas volume.

III. Measurements of drift velocity of charge clusters in a TPC setup 


The TPC detector is a future detector project that is planned to be a part of the PHENIX experiment. It will be used for multiple purposes, one of which is particle identification. A TPC test setup has been built and is currently being tested for measurements of charge cluster drift velocity, charge cluster longitudinal and lateral spread, and spatial resolution of signal.


The setup consists of a series of circular electrodes stacked up over a triple-GEM setup of CERN foils (see figure 3). The total potential applied between the topmost electrode and the anode reaches up to 35kV. The electrodes and GEM setup are all in the same gas environment. The gas which is currently being used for the drift velocity measurement is Ar/CO2 (70/30). Two X-ray sources, a permanent one on top of the electrodes, and retractable one on top of the GEM setup are used to generate charge clusters at different regions of the detector. 
Figure 3: TPC Test Setup
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Before any drift velocity measurements were taken, the quality of the gas mixing system that was used to supply the TPC setup with gas had to be tested. The lower X-ray source was used with the GEM setup inside the TPC, and a series of gain curves was obtained both in pre-mixed, bottled Ar/CO2 (70/30), and in Ar/CO2 (70/30) mixed using the system in the lab. The GEM configuration and parameters were the same as the ones used in the setup for testing GEM foils from different manufacturers (Section I).


A Class IV Continuum Minilite Laser is used for measuring the drift velocity of charge clusters in different gases. The laser fires at a rate of 10-15Hz in the horizontal direction between the two top-most electrodes. The beam is focused in the center of the electrode stack, ionizing a number of gas molecules at the focal point, thus generating a charge cluster. The charge cluster propagates downwards towards the GEM setup due to the uniform electric field that exists in the center of the electrode stack, and a signal is eventually collected and read out using a Tektronix TDS 7254B oscilloscope. 


The oscilloscope also reads a second signal, generated by a photodiode aligned with and triggered by the laser beam. The time difference between the peaks of the two signals is measured, and, given the drift distance (32cm), the drift velocity can be calculated with respect to different electric field configurations.
Work Results:

I. Testing and comparison of GEM foils from different manufacturers
All foils showed similar behavior regarding impedance and leakage current. For all foils tested (CERN, TECH ETCH, and 3M) the impedance was found to be ~100Gohm, and the leakage current was found to be ~sub-nA. In addition, during six days of continuous operation at deltaV(foil) = 340V, none of the sets of foils tripped.

The % resolution, however, varied with different sets of foils. For the TECH ETCH foils, the % resolution in Ar/CO2 (70/30) for deltaV(foil)=340V was ~(25±2)%, for the CERN foils it was ~(21±2)%, and for the 3M foils it was ~(29±2)%.

Also, the TECH ETCH foils showed some charging effects, as shown in plot 1. 

 Plot 1:  Observation of Charging Effects in TECH ETCH Triple GEM

 in Ar/CO2 (70/30)
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Plot 2: Gain Stability Measurements in Ar/CO2 (70/30)
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Plot 3:  Gain Measurements in Ar/CO2 (70/30)
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II. Transmittance measurements of UV light in Ar gas

Plot 4: Latest UV Transmittance Measurement in Ar Gas with respect to different O2 and H2O levels in the Gas Volume 

(using Regulated O2 Flow through Micrometer Valve)
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The transmittance measurements are currently in progress, and more transmittance curves are to be taken with respect to higher levels of O​2 and H2O.

III. Measurements of drift velocity of charge clusters in a TPC setup  
The first stage of drift velocity measurements, which was the testing of the accuracy of the lab’s gas mixing system has been complete. Plot 5 shows the results after comparison of gain curves in both pre-mixed, bottled gas, and gas mixed using the lab’s gas mixing setup. All gain curves are further compared to the gain curve of the CERN foils obtained during the testing of GEM foils from different manufacturers. The gain curves showed a maximum variation of ~50% at higher deltaV(foil) applied. However, overall, the two gas systems seemed to be consistent.

Drift velocity measurements are currently in progress in Ar/CO2 (70/30) for electric fields inside the detector volume ranging from 0.1kV/cm to 1.2kV/cm. 

Plot 5: Comparison of Gain of TPC GEM Setup in different Ar/CO2 (70/30)

 Gas Systems
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Conclusions:

The different measurements performed showed good and promising results; however, more work is still needed to be done, especially on the development and optimization of the UV transmittance monitor, and the TPC test setup.
The purpose of the appointment was fulfilled, since the interaction with various detector projects introduced aspects of a relatively wide spectrum of the work processes and methods involved in experimental nuclear and high energy physics. 
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Bottled Gas - Gain Curve

		Experiment:  Test Gain in TPC setup (CERN GEMs)

		Objective:  Compare Nikolai's Gas system to bottled gas by comparing gain in different gas systems

		Method:  Triple GEM, Ext gate/trigger, flow ~ 1 week, pumped

		Data Analysis: Tektronix TDS 7104

		GAS:		Ar-CO2 (70/30)

		Gas Flow:		Bottled Gas:		< 0.1 scfh

				Nikolai's Gas:		Ar: 0.32slm; CO2: 0.139slm

						[H20] = 0.5ppm; [O2] = 64ppm

						Pressure: (760 +/- 2) Torr

		Triple GEM Gap Spacing

				[mm]

		Source - Mesh		n/a

		DG  (Mesh - F1)		4.69

		TG1		1.18

		TG2		1.43

		IG		2.45

		Triple GEM Gap Field Config.

				[kV/cm]

		S-M		n/a

		DG		0.4

		TG1		2.5

		TG2		3

		IG		3.5

		deltaV(GEM)

				[V]

		G1		340

		G2		340

		G3		340

		Triple GEM Volt Config.						deltaV(gap)				deltaV(Foil)		300		310		320		330		340		350		360		370		380		390		400

				[V]				[V]

		Source										Mesh		2669.1		2699.1		2729.1		2759.1		2789.1		2819.1		2849.1		2879.1		2909.1		2939.1		2969.1

		Mesh		2789.1				187.6				F1		2481.5		2511.5		2541.5		2571.5		2601.5		2631.5		2661.5		2691.5		2721.5		2751.5		2781.5

		F1		2601.5				340				R1		2181.5		2201.5		2221.5		2241.5		2261.5		2281.5		2301.5		2321.5		2341.5		2361.5		2381.5

		R1		2261.5				295				F2		1886.5		1906.5		1926.5		1946.5		1966.5		1986.5		2006.5		2026.5		2046.5		2066.5		2086.5

		F2		1966.5				340				R2		1586.5		1596.5		1606.5		1616.5		1626.5		1636.5		1646.5		1656.5		1666.5		1676.5		1686.5

		R2		1626.5				429				F3		1157.5		1167.5		1177.5		1187.5		1197.5		1207.5		1217.5		1227.5		1237.5		1247.5		1257.5

		F3		1197.5				340				R3		857.5		857.5		857.5		857.5		857.5		857.5		857.5		857.5		857.5		857.5		857.5

		R3		857.5				857.5				CP		0		0		0		0		0		0		0		0		0		0		0

		CP		0

		DATA 07/12/04

		Gain Curve for Bottled Gas - Trial 1

		Notes:																PA Input Cap. [F]

		Wait for ~3hrs after HV ON before start taking data; HV ON @ 1:05pm																0

		Wait for ~10min at each new voltage before taking measurement

		deltaV(Foil)		Ped.		Peak		High Peak		Low Peak		sigma Peak		Calib. Ch.		Calib. Volt.		ADC Cal.		Gain		% Res.		Ped sigma		Rel. Gain						CERN test setup

		[V]		[ch]		[ch]		[ch]		[ch]		[ch]		[ch]		[V]		[C/ch.]		[abs]		[%]		[ch]								Absolute Gain

		320		0.62		1.74		2.06		1.44		0.31		1.94		0.0114		0		339.2510968269		65.0446428571		-		1

		320		0.56		1.74		2.04		1.50		0.27		1.92		0.0116		0		352.9989436852		53.7711864407		-		1.0405241044						371.4

		330		0.561		2.662		3.4		2.18		0.608		1.768		0.0118		0		720.3990098909		68.0057115659		-		2.1234979537						635.1

		340		0.56		4.27		5.24		4.16		0.54		5.12		0.041		0		1169.944449367		34.204851752		-		3.4486091874						1323

		350		0.59		9.1		10.1		8.10		1		8.2		0.063		0		2470.9147984444		27.6145710928		-		7.2834393803						2698

		360		2.2		17.2		19		15.60		1.7		15.8		0.128		0		4951.4755397108		26.6333333333		-		14.5953118089						5503

		370		1.2		31		34		27.80		3.1		33.2		0.268		0		8753.3319304153		24.4463087248		-		25.8019266917						10475

		380		2.0		56.8		62.4		50.8		5.8		56.4		0.5		0		17665.4205453225		24.8722627737		-		52.0718155683						21103

																								*** WHY BAD RESOLUTION????

		DATA 07/13/04

		Gain Curve for Bottled Gas - Trial 2

		Notes:

		HV was left ON overnight at deltaV(Foil)=320V

		deltaV(Foil)		Ped.		Peak		High Peak		Low Peak		sigma Peak		Calib. Ch.		Calib. Volt.		ADC Cal.		Gain		% Res.		Ped sigma		Rel. Gain

		[V]		[ch]		[ch]		[ch]		[ch]		[ch]		[ch]		[V]		[C/ch.]		[abs]		[%]		[ch]

		320		2.2		-4.7		-5.9		-3.5		-1.2						0		0		40.8695652174		-		0		* ??? Tirg on noise?? --> repeat

		320		0.34		1.64		1.96		1.34		0.31		1.68		0.0116		0		394.7015762936		56.0384615385		-		1.1634496689		* without shaper

		330		0.36		2.7		3.08		2.42		0.33		2.8		0.0212		0		713.073356516		33.141025641		-		2.101904351		* without shaper

		340		4		-184		-200		-160		-20		-188		0.0392		-2.55208333333333E-16		1346.2167976057		25		-		3.9682017544		* using shaper

		350		0.28		9.04		-		-		-		9.52		0.076		0		2527.0744967715		-		-		7.4489795918		* measurement for gain

		350		0.28		8.72		9.48		7.88		0.8						0		0		22.2748815166		-		0		* measurement for resolution

		320		1.2		-50.4		-56		-44		-6		-56		0.0116		-2.53496503496503E-16		367.0151397424		27.3255813953		-		1.0818392134		* using shaper

		DATA 07/14/04

		Gain Curve for Bottled Gas - Trial 3

		Notes:

		HV was left ON overnight at deltaV(Foil)=320V

		deltaV(Foil)		Ped.		Peak		High Peak		Low Peak		sigma Peak		Calib. Ch.		Calib. Volt.		ADC Cal.		Gain		% Res.		Ped sigma		Rel. Gain

		[V]		[ch]		[ch]		[ch]		[ch]		[ch]		[ch]		[V]		[C/ch.]		[abs]		[%]		[ch]

		320		-0.4		60.8		66.8		54.4		6.2		55.6		0.011		2.45535714285714E-16		421.626984127		23.8071895425		-		1.2428168636		* using shaper

		330		-2		115.2		126.2		105.6		10.3		124.4		0.0248		2.45253164556962E-16		806.5003054455		20.6527303754		-		2.3772960883		* using shaper

		340		4		219		238		201		18.5		215		0.0434		2.57109004739336E-16		1551.0223349876		20.2209302326		-		4.5719007234		* using shaper

		350		-4		408		446		372		37		394		0.0796		2.5E-16		2890.0112233446		21.104368932		-		8.5187969925		* using shaper

		360		-4		804		872		732		70		808		0.161		2.47844827586207E-16		5618.9287511127		20.3589108911		-		16.5627430646		* using shaper

		370		-30		1545		1680		1410		135		1510		0.306		2.48376623376623E-16		10976.2396694215		20.1428571429		-		32.3543233083		* using shaper

		380		-40		3080		3380		2760		310		3040		0.608		2.46753246753247E-16		21601.2943285671		23.3493589744		-		63.6734693878		* using shaper
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Nikolai's gas sys -Gain Curve

		DATA 07/13/04

		Gain Curve for Gas thru Nikolai's Analyzers - Trial 1

																		PA Input Cap. [F]

		Notes:																0

		Flow thru detector for ~ 2 hrs before data collection

		deltaV(Foil)		Ped.		Peak		High Peak		Low Peak		sigma Peak		Calib. Ch.		Calib. Volt.		ADC Cal.		Gain		% Res.		Ped sigma		Rel. Gain

		[V]		[ch]		[ch]		[ch]		[ch]		[ch]		[ch]		[V]		[C/ch.]		[abs]		[%]		[ch]

		320		-2.6		55.8		61.2		48		6.6		57.2		0.0122		2.55016722408027E-16		417.8725193218		26.5582191781		-		0.2096229111		* using shaper				larger window

		320		-1.4		59.6		67.2		51.6		7.8		57.6		0.0124		2.6271186440678E-16		449.6471304381		30.0491803279		-		0.2255624289		* using shaper				larger window

		330		-3		120		132		106		13		122		0.0244		2.44E-16		842.0875420875		24.837398374		-		0.4224274959		* using shaper				larger window

		340		-0.8		255		278		233		22.5		268		0.0536		2.49255952380952E-16		1788.9919365614		20.6704456607		-		0.8974356539		* using shaper				larger window

		350		-0.4		510		550		464		43		440		0.0872		2.47502270663034E-16		3544.4769625817		19.7981974922		-		1.7780627937		* using shaper; use ~150ns window

		360		0		1032		1120		952		84		968		0.191		2.46642561983471E-16		7141.8384951443		19.1279069767		-		3.5826547727		* using shaper; use ~150ns window

		370		-2		2050		2220		1880		170		2150		0.432		2.5092936802974E-16		14447.4484623183		19.4688109162		-		7.247464392		* using shaper; use ~150ns window

		380		-1.2		4160		4540		3820		360		3340		0.672		2.51406680234646E-16		29353.3523510777		20.3306738441		-		14.7249098347		* using shaper; use ~150ns window

																														* NOT VERY GOOD RESOLUTION

																														DUE TO JITTER!

																														Resolution depends highly on width of window

																														selection for histogram

																														* In the future, use window ~50-100ns

		DATA 07/14/04

		Gain Curve for Gas thru Nikolai's Analyzers - Trial 1

		Notes:

		Flow thru detector for ~ 2 hrs before data collection

		deltaV(Foil)		Ped.		Peak		High Peak		Low Peak		sigma Peak		Calib. Ch.		Calib. Volt.		ADC Cal.		Gain		% Res.		Ped sigma		Rel. Gain

		[V]		[ch]		[ch]		[ch]		[ch]		[ch]		[ch]		[V]		[C/ch.]		[abs]		[%]		[ch]

		320		-0.8		71.6		80		65.6		7.2		72.8		0.015		2.54755434782609E-16		517.5166520275		23.3701657459		-		0.2596087134		* using shaper

		330		-2		142		156		129		13.5		142		0.0286		2.48263888888889E-16		1003.0864197531		22.03125		-		0.5031914894		* using shaper

		340		-4		278		304		252		26		254		0.052		2.51937984496124E-16		1993.4486988751		21.6666666667		-		1		* using shaper

		350		-4		558		604		516		44		536		0.1076		2.49074074074074E-16		3927.5990356237		18.3985765125		-		1.9702533794		* using shaper

		360		-0.8		1152		1240		1056		92		1072		0.212		2.47017151379567E-16		7989.9374890675		18.7543372658		-		4.0080978726		* using shaper

		370		-20		2350		2570		2150		210		2370		0.474		2.47907949790795E-16		16485.461307637		20.8227848101		-		8.2698196933		* using shaper

		380		-40		4700		5100		4260		420		3320		0.66		2.45535714285714E-16		32655.4232804233		20.8227848101		-		16.3813712883		* using shaper
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