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Outline of Potential Beam Losses for E163


E. Colby 

Introduction

This note describes some potential ionizing radiation producing scenarios for the E163 experiment. Some preliminary considerations of commissioning and normal operating modes is made, and beam loss distributions computed for several example scenarios. This analysis is meant to be illustrative, not exhaustive.

The E163 experiment is expected to require some 3 months of commissioning, and thereafter will run approximately one shift per day for an average of one week per month. Very roughly speaking, commissioning will require ~500 hours of beam, and the experiment will require ~500 hours/year of beam.

Described below are “normal” operation, when the experiment is taking data, “tune-up” operation, as is typical of the commissioning phase and much of the running phase, and several accident scenarios.
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Figure 1. NLCTA and E163 enclosures, showing beamline component locations.

Current loss profiles have been computed for illustrative cases to permit radiation doses to be calculated outside the E163 shielding enclosure, shown in Figure 1. These loss profiles have been computed using a detailed simulation model devised for assessing E163. This model has been described in detail elsewhere [1].

“Normal” Operation

Under normal experimental circumstances, ~60 MeV, ~50 pC,10 Hz (0.006 Watts) beam will exit the NLCTA enclosure via a +21o bend dipole placed immediately downstream of the NLCTA chicane. The beam passes through the NLCTA shielding wall into the E163 enclosure, is bent –21o, and is focused into the experiment vacuum chamber, where it interacts with the laser fields. The beam is then bent –90o in an energy analyzing spectrometer, strikes a thin (1 mm) Ce:YAG fluorescent screen, and passes on through and into a beam dump. Energy and angular power distributions for the scattered electron beam are shown in Figure 2 below. Roughly half the beam is scraped at the interaction point by the accelerator cell (approximated here as 20 m wide slit formed in 2 mm of fused silica Xo=27.05 gm/cc, Xo/=12.3 cm), and is lost shortly thereafter. The remaining beam reaches the YAG screen (screen 6) after the analyzing dipole.

An EGS4[2] calculation of the outgoing electron and photon spectra is shown in Figure 2 below (11 positrons were produced in this sample of 114,611 particles, but do not show up on the graphs below). The calculated spectra are for a 60 MeV beam incident on a 2 mm thick quartz plate with no slit, which represents the worst-case scenario. Under more typical operating conditions, approximately half the beam will be intercepted at the accelerator cell, and the remaining half will pass unintercepted to screen 6.

[image: image2.png]Scattered Beam Power [WID.1%EW]

o Scattered Particle Spectrum for 1 Watt Incident Beam on 2rmm Quartz

—— Photons,

— Electrons

Particle Energy [MeV]




[image: image3.png]Scattered Beam Power [Wi1 Degree width]

Seattered Particle Angular Distribution for 1 Watt Incident Bear on 2mm Quartz
10

~—— Photons,
— Electrons

0 40 60 B0 100 120 140 180 fs0 200
Plane angle w.rt. forward direction [Degrees]




Figure 2. Scattered electron and photon energy spectra (left) for beam that intercepts the accelerator cell, plotted in scattered beam power per 0.1% energy width, and (right) angular spectrum, plotted in scattered beam power per 1 Degree angular width, each normalized to 1 watt total incident power.

In addition, field emission or “dark current” from the new photoinjector will be generated, and owing to its large energy spread and poor beam quality will be almost entirely lost in the first 2 meters of the NLCTA accelerator. Operational experience with existing guns suggests losses on the order of 1 mA or less. This loss distribution was calculated assuming 2.9 mA of dark current and is shown in Figure 3 (left graph) below, reproduced from reference [1]. The beam power loss distribution (right graph) is also shown, and gives some 83 mW total loss power per milliampere of dark current emitted.

[image: image4.png]Dark Current Transrmission through NLCTA

[od | o1 pausjal sjpgidsp]
149ng 4y Jod ‘afleyy wakng ieq

-0

200 30 40 500 B0 700 80D

100



[image: image5.png]Power per Unit Length per millAmpere [W/mm/mA]

0m

0025

002

0015

0m

0005

Dark Current Bear Pawer Deposition in NLCTA

i i i i i i i i

100 200 300 400 500 GOD 700 80D 900 100D
Distance from Cathode [crm]




FIGURE 3. (Left) Dark current transmission through the NLCTA beamline, shown on a logarithmic scale, referenced to 1 pC (=0 dB) per rf bucket. A drop of 10 dB in transmission means that 90% of the current has been lost. (Right) Dark current beam power deposition in Watts per mA per millimeter of beam line. 

Finally, we expect to test “short” laser accelerator structures during the E163 program, with expected energy gains of no more ~1 MeV total for the small group of particles that is successfully trapped in the accelerating mode, of order 105 or less. This means the accelerated beam will have a power of 10 Hz*105*e*61 MeV ~ 10 W, and will not produce a significant increase in radiation compared to the unaccelerated case.

“Tune up” Operation

For tune-up and accident scenarios, the maximum charge and energy available from the injector are used: 60 MeV, 1 nC, 10 Hz. 

Tuning up usually requires that the beam intercept a screen, often for extended periods of time. Six screens are planned for the E163 beamline. Historical experience with a similar experiment on Stanford Campus (the “LEAP” experiment [3]) indicates that tune-up activities generally account for more than two-thirds of all beam usage, measured on either an hourly or an integrated-beam-power basis.

Screens will be the most frequently used intercepting device during the tuneup. Two types are likely to be used: a phosphor screen, which typically is a metal plate coated with fluorescent material, and a fluorescent crystal. The former will be modeled simply as a 1 mm thick aluminum plate (Xo=24.01 gm/cc and Xo/=8.9 cm), and the latter will be 1 mm thick Ce:Y3Al5O12 for which the computed[4] radiation length is Xo=16.11 gm/cc and Xo/=3.54 cm. The RMS scattering angles for the outgoing electron beam are approximately given by[3]:
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which for 60 MeV electrons yields =9.7 mrad for 1 mm aluminum and =16.1 mrad for Ce:YAG. For 1.5 inch diameter beam pipe, this means the 1-sigma point of the scattered beam will intercept the wall roughly 1.9 m downstream of an aluminum screen and 1.1 m downstream of a Ce:YAG screen, provided the incoming beam was collimated, and no focussing elements are present downstream of the scatterer.
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Figure 4. Particle loss profiles for insertion of dogleg screens #1 upstream (left) and #2 downstream (right). Top plots show 3D positions where particles strike beamtube. Bottom plots show histograms of particle loss with distance, with the scatterer indicated by the asterisk, the percent loss (per 5 cm interval) shown in red, and the integrated loss shown in green.
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Figure 5. Particle loss profiles for the high- screen (#3) and the low- upstream (#4) screens.
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Figure 6. Particle loss profiles for the low- downstream (#5) and energy analyzer (#6) screens. The sharp spike visible in beam loss beyond screen #6 is the dump.

“Accidental” Beam Loss Scenarios

Equipment failure and operator error can lead to unintentional radiation production. Failure of the bend magnets and unintended closure of vacuum gate valves is considered here for illustrative purposes. Failure of a screen, causing it to be unintentionally inserted, has the same radiation distribution as has already been computed for the tune-up cases above. Failure or egregious mis-setting of quadrupoles has not been considered here.

For calculation purposes, complete magnet failure of the focussing or bending magnet in question is assumed. Partial failures are of course also possible, but are not treated here. For gate valve failure, the valve gate is treated as 7 mm of stainless steel, for which Xo=13.9 gm/cc and Xo/=1.74 cm. For this case the RMS scattering angle is =67.9 mrad, and the distance at which the 1-sigma point of the scattered beam hits the wall is approximately 30 cm downstream of the scatterer.
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Figure 7. Particle loss distributions for failure of gate valve 1 (immediately after first dipole of dogleg), gate valve 2 (immediately before second dipole of dogleg), and gate valve 3 (immediately upstream of interaction point).

[image: image16.png]Angular Power Distribution of Scattered Beam

0.02 Watts per 4 Degrees




[image: image17.png]Angular Power Distribution of Scattered Beam

0.02 Watts per 4 Degrees





Figure 8. Particle loss distributions from complete failure of the second dogleg dipole (left) and spectrometer (right). In the latter case, the angular distribution of beam power is calculated after the beam strikes the beam chamber wall.
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Figure 9. Quadrupole, addition shielding (including iron disks mounted around the beampipe after quads 4,5 & 6), and dump locations, as referred to in Table 1 below.

Table 1: Summary of beam power losses outlined in this document.
	
	Worst Case

70 MeV, 1 nC, 10 Hz
	Normal Operation

60 MeV, 50 pC, 10 Hz
	Tune-up Operation

60 MeV, 1 nC, 10 Hz

	Duration
	8 hours
	500 hours/year
	500 hours total

	
	
	
	

	Dark Current Loss
	240 mW in first 2 m of NLCTA injector

	NLCTA collimator Loss
	
	25 mW
	

	Intentional Beam Loss Scenarios

	Screen 1
	0.7 Watts lost on any one of these devices
	
	0.6 Watts lost on any one of these devices

	Screen 2
	
	
	

	Screen 3 
	
	
	

	Screen 4
	
	
	

	Screen 5
	
	
	

	Accelerator Cell
	
	2.5 mW
	

	Screen 6
	
	2.5 mW (scattered at screen 6, then absorbed at the dump)
	

	Bend-Line Dump
	
	
	

	Accidental Beam Loss Scenarios

	
	Worst Case 
	Normal Operation
	Tune-up Operation

	Quads short at start of extraction line
	1 watt on beam chamber immediately adjacent the SW corner of the laser room
	30 mW on beam chamber immediately adjacent the SW corner of the laser room
	0.6 watt on beam chamber immediately adjacent the SW corner of the laser room

	Dipole 2 fails
	1 watt on beam chamber near dipole 2
	30 mW on beam chamber near dipole 2
	0.6 watt on beam chamber near dipole 2

	Dipole 2 set incorrectly
	1 watt on any of the yokes of quads 7,8,9,10, or 11
	30 mW on any of the yokes of quads 7,8,9,10, or 11
	0.6 watt on any of the yokes of quads 7,8,9,10, or 11

	Spectrometer fails
	1 watt on straight ahead dump
	30 mW on straight ahead dump
	0.6 watt on straight ahead dump

	Spectrometer set incorrectly
	1 watt on either the yoke of the spectrometer or the bend-line dump
	30 mW on either the yoke of the spectrometer or the bend-line dump
	0.6 watt on either the yoke of the spectrometer or the bend-line dump

	Gate Valve 1 closes
	1 watt on gate valve 1
	1 watt on gate valve 1
	0.6 watt on gate valve 1

	Gate Valve 2 closes
	1 watt on gate valve 2
	1 watt on gate valve 2
	0.6 watt on gate valve 2

	Gate Valve 3 closes
	1 watt on gate valve 3
	1 watt on gate valve 3
	0.6 watt on gate valve 3
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