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Characterization of the Proton Test Beamline at KOMAC {l  orea Atomic Energy
Motivation on Test Beamline

- /KAERI" Research Institute
 Study of beam characteristics changes according to changes in accelerator operation conditions

« Beam Studies : beam profile, position, intensity, momentum spread and emittance of a proton
beam accelerated from the 100 MeV accelerator

— e e i . m—

S ws ™= Rl production

8 Under operation }}
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General purpose g/ I/ | AL | TR TP ¥ ﬂ\ i‘} e 23
Under operation =" """ Low-flux e purpose’ -_—91)‘ -
— o Under operation e UNder operation o

\
By By iy .’ll:

* In this talk, we present
v" Diagnostics tools installed for the beam characterization
v" Transverse beam characterization using Quad scan method
v' Measurement of momentum spread in the test beamline
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Characterization of the Proton Test Beamline at KOMAC )

Test Beamline Layout

" KAERI Research Institute
« Beam Diagnostics Tools : Wire scanner, BPM, ACCT, Faraday cup, Scintillating plate (chromox) &
CCD camera

Beam Diagnostics Tools List

Diagnostics Measurement No.
Wire scanner I Beam profile (slow) 2
BPM Beam position 2
ACCT Beam current (non 2
destructive)
Faraday cup | Beam current 1
(destructive)
Scintillating plate Beam profile (fast) 1
(Chromox) &
CCD camera

Beam Diagnostics Tools installed in the Test Beamline
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Diagnostics Tools in Test Beamline
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« Wire Scanner : to characterize the transverse beam propertles such as beam profiles, beam twiss

parameters and emittance.
Wire Scanner Specification

Specification

TTTTTT

Wire material Tungsten
Wire thickness 0.1 mm dia
Wire moving speed & 100 mm/s & 150 mm
range
Scanner position 0.05 mm & 0.1 mm
precision & resolution
Position sensors 2 limiter, 1 home & 1 optical sensors
Motor Brushless DC(servo) motor

DDDDD

Wire Scanner Drawin

GUI for Quad Scan Program using the wire scanners installed in the Test Beamline
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Diagnostics Tools in Test Beamline
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Absolute Position & Beamn Power Graph

® Chromox Scintillating Plate + CCD for beam imaging o N

4703 A
4, D00E-3- 1
WS 3. B00E -3 I Op
3600E-3- i1
1.4D0E-3- -
3, 200E -3+ | ';
L000E-3-

—— Measured by the WS 5 2mes

S 7 60E-3- [y
| | | ] | |  pame-3 {
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I 2 200E-3- X
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sition (mm)

rms radius x = 11.48 mm, y = 6.18 mm

v _ |
——— beam intensity [arb. urllt]
O.;H;Er"' B
. . d-;‘.;".
Chromox plate installed Beam Diagnostics Chamber o %
Measured by the CCD “EE ;
camera f - )<
Chromox properties =¥ P i [
PP | 5
Parameter Al,0;:Cr (Chromox) e
. . L
Spatial resolution 200 um BB
Response time 300 ms - e X 2 L2 I
Saturation effect Yes g . rms radius
z X = 11.25 mm
g y = 7.73 mm
% 50
5 2o 20 40 &0 ) W0 120 140

position [mm]



Beam Position Monitor

Characterization of the Proton Test Beamline at KOMAC

Diagnostics Tools in Test Beamline

RF signal generator
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x coeff Value [mm]

y coeff Value [mm]

p10 31.694

p01 30.236

p30 8.915e-3

p03 1.530e-2

p12 4.506e-3

p21 3.791e-3

p50 7.887e-6

p05 -5.590e-6

p32 4.422e-6

p23 8.362¢-6

p14 1.192e-5

p41 1.072e-5
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Transverse Beam Characterization
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» Transverse beam emittance & twiss parameters are measured via Quad scan method in the test
beamline, i.e. BL105

100 MeV proton beam
45° BM
dump I M M 0
O E :
D F/D* D F
ddump - 3-dump 2-100  1-100
TR105 Parameter
S i 18 | T oy norm. rms emittance X [pi mm mrad] 1.851
AU Es] N alpha X -0.647
/ — K
/ i f beta X [mm/ pi mrad] 7.455
= 14 A .
E .. norm. rms emittance Y [pi mm mrad] 0.859
LIt b
= " el - alpha Y 0.309
10 f beta Y [mm/ pi mrad] 1.760

T
0.5

10 15 20 25

Field Gradient [T/m]

20 15 10

Field Gradient [T/m] e

30 25
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Momentum Spread

. KAERI Research Institute
 Dispersed Beam Size: dispersion affects the beam size

 Momentum spread can be measured by comparing beam sizes with and without dispersion
effect

« Our strategy: Beam parameters are measured with and without dispersion effect at the different
position and compared at the same position with the help of back tracking simulation to obtain
momentum spread of the 100 MeV proton beam
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« Our strategy: Beam parameters are measured with and without dispersion effect at the different
position and compared at the same position with the help of back tracking simulation

Quad scan

Two beamlines : %&
Dump & BL105 S
P * 100 MeV proton beam
dump I_l & 45° BM I_l |_|
~ m \ dump - L o L \—
™ L N D F/D* | == fitx
E 125 | "-,\ 4-dump 3-du/mp 2-1(I))0 ,!,“1&) BL105 ¢ e;p“
% 75 | \}\'\. N% 0 "}.\ .ff
i 5.0 4 \'\._ T N +,
§ 25 \k'x WS < 2 \'\, 7
~ ) o ,
00 4, | | I--‘__h_.._l,-._,. -"'I / E y \h'\.\ //_r
20 25 30 a5 40 45 i TR
Field Gradient [T/m] TR105 05 10 15 20 25 30
Field Gradient [T/m]
Parameter Parameter
norm. rms emitt X [pi mm mrad] 1.011 norm. rms emitt X [pi mm mrad] 1.851
alpha X ->.118 alpha X -0.647

beta X [mm/ pi mrad] 12.505 beta X [mm/ pi mrad] 7 455
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Momentum Spread

« Our strategy: Beam parameters are measured with and without dispersion effect at the different
position and compared at the same position with the help of back tracking simulation

)
; - Korea Atomic Energy

/KAERI Research Institute

Quad scan

Two beamlines : %%
Dump & BL105 WS
P dump* . I EEREEETEE 3 100 MeV proton beam
6] I (——
T T I_I & .
E 273 F/D* D BL105
i E 4- dump 3-dump 2-100 1-1&)
%29 _
q ] Rl ;
e 3-100 = P
+] p N
0 o5 1 15 %
o femm_ ws ’ K R —
Back tracking calculation ]
: TR105 ————====-p
= 107 = Back tracking calculation
X—1O—§
22— 2 [Bres — Brey = 13.039 X 107* (0.13 %), wh imulated =2 = 0.469 %
0 02 04 F?biitior?'?m) o112 14 D - D :8282 18181 - . ( : 0)9 whereas simuiate D - V. Y
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« The Proton Test Beamline is constructed to study beam properties such as beam profile,

position, intensity, momentum spread and emittance of a proton beam accelerated from the
100 MeV accelerator.

» The beamline is introduced and diagnostics tools installed are described.
» Transverse emittance and beam twiss parameters are measured via Quad scan method.

« Momentum spread is obtained from beam parameters measured in the dump and BL105.
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