*IBIC 2015 INSTALLATION STATUS OF THE ELECTRON BEAM PROFILER

£
<©7f FOR THE FERMILAB MAIN INJECTOR*

R. Thurman-Keup®, M. Alvarez, J. Fitzgerald, C. Lundberg, P. Prieto, M. Roberts, J. Zagel, FNAL

W. Blokland, ORNL Optics

K

—
components Phosphor Screen

Abstract @ HV Transition Box
The planned neutrino program at Fermilab requires large proton e VI Ce g
. _ . . ; ectron beam rrortier
beam intensities in excess of 2 MW. Measuring the transverse - Ny | Calibration ¢ - 195 mm Selectable Neutral Density
. . . . . . _ B | | % OTR Filt ND 1,2,3) and
profiles of these high intensity beams is challenging and often Ontical - lon Gauge e ) an
. . . . ICa
depends on non-invasive techniques. One such technique dI: 4 HV Transition Box in Service Building Relay Rack Megarad CID camera
. . . Breadboar | «—— lon Pump Image plus C-mount
involves measuring the deflection of a probe beam of electrons  ~ 5.1 x 150 cm 50 keV Electron G Intensifier  objective lens
. . . : SRRREES b e ectron Gun : —p
with a trajectory perpendicular to the proton beam. A device e | RG220 Exit Motorized Stage
such as this is already in use at the Spallation Neutron Source at e =, Pneumatic
ORNL and the installation of a similar device is underway in the Beam Valve “ o f=40mm
. . . . . e : N7 osphor RS-170 video capture
Main Injector at Fermilab. The present installation status of the — i o —— FElectrostatic |, L bcorbing (G nductors Via computer in service
] . . . . Ma|n InJECtOr g Deﬂector Resistors ) T P
electron beam profiler for the Main Injector will be discussed beampipe B0 (N Segeas » building
together with some simulations and test stand results. lon Gauge WV Relay Mirror on Motorized Stage selects OTR or Phosphor
. ) Pneumatic Voltage Resistors Motorized Stage
XL . . Divi
=1 = \ Insertion Device ~V'%°" i v /o SR Phasahor Wi NN
. - i . : - = T | osphor Mirror osphor Lens
H with OTR Stainless -\ ) OTR Lens i
e O r y Optical I Steel Mirror G 2 S % u
P W _ — . 22 P\ T

IIA
. —

box Optics Box
X
Assume y > 1, no magnetic field, p #
Target / umey i ﬂ)g Tl poo f(2)
p(r) >——= p t F(7(¢)) Servi . " .
— ' ervice Building HV Transition Schematic
bl L y [r =7 oo SoIen.0|d and HV Tunnel 5
{ } steering magnets Transition Box Electron Gun Controller / HV HV Transition Box RG 220 Cables | Electron Gun
Assume deflection is very small such that # =~ {b, vt
Cathode 1 ]
co co b—x' vt—7vy' L Veathode S F=1000nm L=80 m — e
AﬁOCJ dx'j dy' p(x',y’ dt b{ , ;C v }’}, _ .__ﬂzstt}od N et Ohm Intensifier
—0o —0o <00 (b —x)*+ (vt —y) -T Filters / Polarizers Common Lens
R=100 Ohm
Ap j dx’j dy' p(x',y") sgn(b — x"){1,0} 1 ) Outer edge of phosphor _
— oo — o0 - Uniform Source on phosphor
Assume again that deflection is very small such that p ~ {0,p} and 6 = ||A§|| RG 220 Cables o onm 15t
ool 00 g R=50 Ohm -
0(b) x J dx’ f dy p(x',y") ——> —sgn(b—x") « 8(b — x) Entry point for AN 1 -—E):)—-——_L ous oF CID Camera _ _
—00 —00 db commercial LT L=80 m 5 2
0 d@(b) =G : b cable _-i Vgate g i g
d@(b) , , } p=2D gaussian db - auSSlan( ) — U=1000V 5 £
db X dy p(b;y ) e X prOflle =3 | — 200 OF = o
- 0(b) f(b) R=50 Ohm
— er ¢ i AA e e I "0:)"— c 15+
_ L=7 uH oo m =5 pF .
—l—_ 260000 v He0 __L
1 fwﬁ 1
- —~— - R=200 Ohm —

Experimental ——
Techniques Simulations External Magnetic Fields — wrasen

Vertical (in)
Vertical (in)

(top) to image planes

Fast Scan . _ CST simulation of magnetic field from magnet busses along the line of the (bottom) to determine N
Deflection plot of electron beam using slow scan method, and electron beam. The horizontal component is most important as the electron aperture (left) and Outer edge of Intensifier Uniform Image on Intensifier
Electron beam scanned diagonally through the derivative of it, showing agreement to better than 2%. beam is vertical. The maximum horizontal field without shielding is 2 G (left). uniformity (right).
single proton bunch. Requires fast deflector. __Maximum Deflection Versus Position Derived Profile and fit The majority of the field is removed with shielding
deflection B | | ! )
For Main Injector, scan time must be <1 ns. p g s "'L"‘*-ﬂ. siacs E 300 200mm £\ et < c 4 B field
£ 1o \ B e / \\ . fxpecge I€1ds 7G ___ ExpectedBfields |
£ s / \ ZGHUSSImm“SSES __________ D.mzsaussi, with shielding A | EEE
SIOW SCGn 8 oo E‘ /' \ 00005 .......... R R fof prred sl 2 YAG or OTR Screens pummm T—
= o hE \ 00008 |+ e S e S L -
electrons - g \. S N 0.0003 {rr oo et T e S t ta n Electron Gun
—— $ s . : - s N SN T N NS N N AU N
' Tesesseses : 0.0002 47+ o PN R R R S a ~Bryartidar 1 s e R S R - it FoN R Ay
-z.n_—?,j 50 -35 00 3'5 50 75 80 60 40 20 00 20 40 60 &0 0.0001 4------ Bhorlzontal ______ ___________ __________ _________ t C| _________ 0.0001 5y~ B%hOf-iz-OfiltaJ ------ ---------- --------- N -------- tll ------ A
Deﬂectlon Of a e y Position of electron beam (mm) Transverse (mm) 0 G ) ! : : : ' : ; : m : ' ' ' : : Faraday Cup
stationary electron - ] Simulated deflection data for varying impact parameters using the fastand ~ **" j o Horizontal and vertical rms beam sizes
beam as the proton ! # slow method. The black points are baseline deflections with no beam. They [N 7 &« . YRR N W A S S S S S— at the first (blue) and second (red)
bunch passes by. | result from the non-uniform deflector field. Each point represents a single oo e e e crosses in the test stand. The
. . . Length
There is some s X electron with the random spread given by the measured emittance. Lengt measurements are from OTR taken at
: S ~50 keV and 1 mA beam current onto
deerCtlon along the Deflection of Electrons during single proton bunch a0 . . De.temds@mmseu.m T # ' ‘g’“ﬂ ' v Bl EleCtron Gun h . I | . Lens/ D|g|ta|
proton beam direction Zz' I~ N deflection | R i | o} the stainless steel mirrors. Camera Imaging
due to the magnetic  peflection £ ° { \\ 1| MOdEItOT T Horizonta X1 | | 1 Systems
o S 66 g % _ mumetal wrap. i —H— Vertical X1
fIE|d Of the prOton \E\K“\\\\ \\ g ot E“" p Mumetal o0 ~—© Horizontal X2
beam, but it is much R \ , s | Ve X2
smaller than the o N\ o TG e Orange 20 Trace of the electron beam on the
. TSRS R TR 50 £ g 10 _ DI 0 0 0 40 W Id g .
deflection transverse - NV ) P S | e Clsthmg 2 phosphor screen for a deflecting voltage
to the proton beam. B AL ot — s r . of ~+150 V. This image was taken with
5 : : , | bl . . .
it e . 200\ - just a camera and objective lens.
[ | | | | | | | | | | | | | | | | | | | | 3r 7 éj_ 1007 o i
| Electron Sweep I 71 T 37 s
= g 3 s, 0 : : : : ‘ : 50
|  Fast and Slow I 1 & 0T s w0 ”'1 40 560
I | 5 e 150
: Electron beam scanned along Electron deflection : O I I I e »
. . . . -4t orontel (1) ~ 1000 ~ 1000
single proton bunch. Repeated Lep"cstes longitudinal \ L ] Simulated Longitudinal = 2 ns g E 250
. . Proton B unch structure Horizontal (zam) Reconstructed Longitudinal o = 2.3 ns _ — 300
at different impact parameters.  Frotonbeam Simulated Transverse o = 3 mm ER R »
L e e e e e e e e e e e e e e e e e e e e e = I Reconstructed Transverse 6 = 3.35 mm Phosphor screen E E

-1000 -1000 400

-1000 0 1000 -1000 O 1000
Horizontal (pum) Horizontal (pum)

450

* Operated by Fermi Research Alliance, LLC under Contract No. De-AC02-07CH11359 with the United States Department of Energy.
# keup@fnal.gov

Main Injector

100 200 300 400 500 600




