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Field emission issues*
*CennicADETE A%

. L f‘r"

"o, P > Al &

. 00
—
— R

LBP3 SBP3 SRR spp4 1 LBP4 S:
= - wl o | E,
= = £
JTEL Y =Input datal
Acceleration field 15 MV/m 74'—)[/ I: . IE\‘J:/H > 2
Surface field peak 45 MV/m

Aperture 40 mm 75§§5|E.| @Eiﬂ“ (LBP) 35
E:nl‘:ssr:f)le’lngfgat Spii;ameter ;-0100'13 m2 -Gﬁ_%AJ -G L \ i -d— 20 40 60 80 100 120 140 160 180

Emitted electron energy 0.27~28.41 MeV RF phase

Bl auirein 0.56~957.04 nA Black dots are trajectories that
Time interval 3 ps reach cavity right end (LBP)
Number of emitters 8 . .

Number of electrons 1181 £ Cenmi KEK 2012 Red dots ?re trajectories that
Beam momentum 39.14 ' P reach cavity left end (SBP)

Tf264 98 48 E—LRZAFTIVRITEEDE 4



Simulation workflow

MATLAB

Data rows preparation

ELEGANT

Input distribution generation

Tracking

Matlab

Postprocessing

ER264% 98 4H

> Upload the data, obtained by Dr. Cenni (MATLAB code)
> Generate input distribution for ELEGANT (*.bin file)
> Modify the lattice file to make use of the symplectic

integration elements (ELEGANT code)
> Prepare the beam lines for upstream and downstream

tracking
»  Tracking (ELEGANT)
> Post processing (MATLAB)
E—LFAFTIVRTEEDHE 5



Simulation background

End point s=98.7 m

IEH RS YF2T ERRESYFT

gk

BiRERMBEND#1
AGSTrAY

U U U " S —————

NEARZT1RX

Maximum energy 20 MeV 20 MeV .

Total beam current 10 mA 10— 100 mA (10maA) Dump chicane BEND#1

Repetition 1.3 GHz 1.3 GHz I @ i I il @'!

Charge per bunch 7.7 pC 7.7 — 77 pC (20fC~20pC) | | | i N

Norm. beam emittance 1 mm-mrad 0.1-1.0 mm-mrad

Rms momentum spread 1-10°3 < 3-10* . o

Bunch length 2 ps 1-3 ps ]Ejj_ |-E_| TITAA

» Modify the lattice file to make use of the Injector chicane
symplectic integration elements (ELEGANT [ I I | " I ” @
code)

EDRIFT  drift space
CSBEND bending magnet
KQUAD quadruple magnet

KSEXT  sextuple magnet s s
F265 9F 48 E—LFAFTIVRITHEEDE
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YV VYV

Impact

Output distribution file contains (x, y, xp, yp, t, p ) rows
Distribution is flat

X, [m] data obtained from “Pos [cm]” row

Y, [m] data obtained accordingly: Y = -0.36*X

XP, YP [rad] data obtained from “Impact angle” row:
XP = X/Z = tan(8)*cos(®); YP = Y/Z = tan(8)*sin(¢) :
T is generated using random numbers (+ 3ps interval)
P=Bv data obtained from “Impact energy” row

Input distribution generation

TREO

angle 0 ==

90° h

Input data example

FEDEE,
camll.
2014/05/27

A

B

e

D

E

E

Pos [cm] Energy [eV] Impactangle Emitter # Current [A]

Eacc [MV/m
15| 3.855774

15 -0.67846
15 0.965443
15 3.191616
15 2.30708
15 1.787438
15 1.292157
15 0.868967
15 0.509513
15 0.205506
15 -0.05453

14462376
9458630.1

12602679
136568.26
460075.68
809623.77
1132710.3
1431180.6
1709340.4
1969520.1
2214373.6

88.68907397
89.98662203
89.58966307
84.07941156
85.57512426
85.72269598
86.15615441
86.60263099
87.00980081
87.36752111
87.68124989

K264 9H 4H

45
45
45
45
45
45
45
45
45
45
45

9.36E-07
9.56E-07
9.57E-07
9.45E-07
9.44E-07
9.43E-07
9.41E-07
9.40€-07
9.38E-07
9.37e-07
9.36E-07

An

7o RO HH O % f1 . Emitters #45~52
X,Y5 %

0.02p - e R
#®  Emitter #45 “
N ®  Enmitter #46
0.015 -0 »  Emitter #47 0.08 'f:)
N\, *  Emitter #48 i
001 . \ #®  Emitter #49 0.06 '—A M
N Enmitter #50 (UD)] ¢
~ Eml er b .I
1y *»  Emiter Ul W *  Emitter #45
2,
0.005 &) ®  Enmitter #52 0.04 o Emitorse
— -3 »  Enmitter #47
\ . »  Emitter #43
N s < O ®  Emitter #49
O — Emitter #50
-0.005 0 #*  Emitter #51
|'|:l' \ ®  Emiter #52
-0.01 % ‘A\ 0.02
e
¥-0.06 rad
B
IOV R o Y o I o SR . woshrr i rac
OoOo.O T v < >
o < >
-0.02 -0.06
-0.05 0 0.05 402 001 0 001 002 003 004 005
x. [m] xp. [rad]

|
=
Output data example ¢
£
s
5
* bin fil i
|spps1 ( Nellg S 2 o
&description text="phase space", contents="phase space" = 4 #  Emitter #45
&scolumn name=x, units=m, type=double, &end ®  Emitter #46
&column name=xp, symbol=x", type=double, &end N ®  Emitter #47
&column name=y, units=m, type=double, &end . ®  Emitter #48
&column name=yp, symbol=y", type=double, &end 05 R * E"""e':'w
&column name=t, units=s, type=double, &end . Em:::::#gg
&column name=p, units="m$be$nc", type=double, &end »  Emiter #52
sdata 0
mode=ascii 3 2 -
&end
1181
0.038558 0.009339 -0.013881 -0.013881 2.4072%1e-12 2.830211e+07
-0.006785 -0.000095 0.002442 0.002442 -2.997806e-12 1.851004e+07
0.009654 0.002923 -0.003476 -0.003476 -1.00319%e-13 2.466278e+07
0.031916 0.042319 -0.011450 -0.011450 -2.115152e-12 2.672569e+05
A A22071 A A2187A —A ANR2NS  —N ANR2NS -1 110N472-19  Q NN2A2W=+N08

E—LEAFIORITEEDLE

Phase space distribution

30

25

N
S

p. [betta"gamma]
@

/‘\
\\

.

./-f;-\_

Emitter #45
Emitter #46
Emitter #47
Emitter #48
Emitter #49
Emitter #50
Emitter #51
Emitter #52




~ZY

ELEGANT output data example

[printout for sDDs file FEtestl.lost

HER R A

Emitter #45, n simulated=221
X,y 53

x xp v vp s D particleID Pass

m m m m$be$nc
-4.446047e-001 -1.000472e+000 -4.073155e-003 -7.581885e-004 1.874165e+001 1.013565e+007 28
-4.422644e-001 -1.000274e+000 1.821566e-004 -4.469417e-004 1.874165e+001 1.039212e+007 29
-2.371698e-002 -4.899488e-004 -8.021044e-003 -1.096008e-003 1.301625e+001 1.064820e+007 30
-2.33933%e-002 -6.500065e-004 -9.023575e-003 -1.453988e-003 1.033625e+001 5.870259%e+006 27
-2.387078e-002 -8.125544e-004 -7.992603e-003 -1.819010e-003 7.856248e+000 1.089638e+007 31
-2.333405e-002 -1.092014e-003 -9.679284e-003 -2.442985e-003 6.376248e+000 9.598289%e+006 26
-2.400680e-002 -1.109973e-003 -8.009253e-003 -2.484001e-003 5.776248e+000 1.113913e+007 32
-2.388558e-002 -1.381973e-003 -7.530993e-003 -3.091002e-003 4.496248e+000 1.137676e+007 33
-2.310004e-002 -1.576968e-003 -1.009765e-002 -3.529006e-003 4.496248e+000 95.319668e+006 25
-2.388998e-002 -1.629995e-003 -7.423655e-003 -3.646997e-003 3.786248e+000 1.160996e+007 34
-2.423442e-002 -1.861995e-003 -8.131581e-003 -4.166996e-003 3.486248e+000 1.183857e+007 35
-2.498462e-002 -2.076995e-003 -9.800734e-003 -4.645996e-003 3.486248e+000 1.206284e+007 36
-2.564810e-002 -2.273995e-003 -1.134547e-002 -5.086996e-003 3.486248e+000 1.228344e+007 37

Cooo0OO0OO0O0O00O

X, [m]

. . D i
Emitter #46, n simulated=293 ° .m) “
VAN »
X,y53 FELARIL¥—
0.05 § y
£ m £
: e :
= 00 — : =
- 3 3 : 2
E 2 = LT 5
¥ § - S 2
: E : 4 S
002t 4 0 : :
| 5 1
00 o o6 6 001 u,:oz o3 oo 05 1 15 2 25 3 as 0 s 12m1 )
y.[ml -+ s.[m] I dump #1 bending
Aperture T&H5 S chican mosne
™ — it FI H
IEARE—LZSAY a i | j N N H HHN

o
Vzm |

ECETRATLS
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Transverse position, [m]

Transverse position, [m)

ZEIIVA—NIE/LH

FORWARD

*The difference in energy is due to the electrons flight path and electric field phase
*The electrons can be accelerated or decelerated due to the electric field

orientation while they are passing through each cavity cell

Emitter #45,
E_average= 10443157

Emitter #46,
E_average= 11870488

Emitter #47,
E_average= 14266367

1,

Emitter #48,
E_average= 13972015

- 0.08 oos ; : ; : : 0.05 : ;
........................ o - oy E ymts
3 : : : : : *
: ol LT : 0 l‘i ...... ........ R 0 SRR | 'i
..................................................... fo ‘ : ' ‘ t :‘ . ' i
8 AN A R
1lij] C R B I B R 0% Dis 1 1.i5 2 2_i5 3 35 005 1 2 3 4
s, [m s, [m] s, [m] s, [m]
Emitter #49, Emitter #50, Emitter #51,
E_average = 13661721 E_average = 13712937 E_average = 13734914
0.05 : - : 0.0 T T T — 0.0o T —
iy - T T Y T
PISEIU BRI TN SN — oot TR B S — ISP PP T S S
RO o R A |
el e LR DO L S S B
00 1 2 3 4 005 | 2 3 4 0.08 1 2 3 4 5 B ! 2 3 ‘ 5 s
s, [m] s, [m] s. [m] .
T rE264F 98 4H E—LFAFTIVRTEEDHE




Nurber of lost electrons

Number of lost electrons

85 L-FEEFDO N

FORWARD X
e  Output fileST—% —> [smin, smax] — > Divide into same intervals — > Calculate

number of particles in each interval —> Plot (MATLAB)

Emitter #45, Emitter #46, Emitter #47, Emitter #48,
n_simulated=221 n_simulated=293 n_simulated=198 n_simulated=154

60 ; ; ; ; 140 - . . T 100 . — . 70

B0k TR ............. ............. .............. 120k s _ GOk e e G

[ (1) SEERPSITREPYY [RPPPRIRROPS ............. ............. ............. [0 SEETECEPIPTRY FPPIOR IR SRR SRR

80 ............. ............. ............ i BO ey ' A0 e

BOF-oorrehs ............. ............ 1 10 _ 30

P SO I o, S b

0 Wboviwe o 0y 1 I : , ; 0 L . :

s, [m] ’ ~ Tl s, [m] s, [m]

Emitter #49, Emitter #50, Emitter #51, Emitter #52,
n_simulated=110 n_simulated=86 n_simulated=68 n_simulated=57
50 — : 40 —_— : 30 : :

FRL26% 9A 48 E—LFAFIIRTEEDE



Lost current, [pA/m]

Lost current, [pA/m)]

Lost current® 8| 5E

FORWARD
. Same scale!
. . _\_ * . . . —_—
CennicA/DFE CurrentT—74 * Number of particles in each interval —> 12E+7 pA/m
—> Plot XfOutput fileMST—4 (MATLAB)
Emitter #45, Emitter #46, Emitter #47, Emitter #48,
7 Current_ave= 6.09E-07 Current_ave = 4.97E-07 . Current_ave = 1.60E-07 Current_ave = 5.90E-08
% ! i ! i L1 . <10 ‘ - ‘ 0 .
: 12_ ...................................... , ..........................
10 ....................................... ...........................
4 ST SO S S S—
b ..........................
53 VOSSO NS S __________________________
D-5 1] 5 1iD 15 20
5. [m]
Emitter #49, Emitter #50, Emitter #51, Emitter #52,
.+ Current_ave = 1.65E-08 . Current_ave = 7.01E-09 . Current_ave = 3.25E-09 . Current_ave = 1.94E-09
7 SR SRS SSRUN: AU S I e WO H — S I I S SRS NSRS S I I S — R S I i
L s SETTEEEY SECEPETERN FRPETRR A A0 ------------------------------------------ -
Y USSR SOTURURO: SUURUUURE SUUPRUON: SOOI B Y SO .......................................... i
Y S S SMSPS SOMSO: SS— 1 s
) SRS SORURUPON: SUUNURURUN SRURUUOE SOOI 1
- NONRNENENS SIS SRININE SN S— 1 2
05 :] 5 10 15 20 0-5 :] £|'> 10 15 20 05 6 5 10 15 20 05 6 5 10 15 20
s, [m] s, [m] s, [m] s, [m]

T RE264E 98 4H E—LFAFTIVRTEEDHE 11
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0.0
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001}
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ok

0
14
ofos
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= oload |
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3
g
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2
o
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el
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Transverse position, [m]

Transverse position, [m]

ZEIIVA—NIE/LH

BACK

*The difference in energy is due to the electrons flight path and electric field phase
*The electrons can be accelerated or decelerated due to the electric field

orientation while they are passing through each cavity cell

Emitter #45,
E_average= 10443157

0.05

003
YRR
002}t

o : :
. : ve 0%

. : .
. qheees 4 41+ . .
DO g 0T S St T
.

> '
2 L]

002F - Preny o

- vede

003

Emitter #49,
E_average = 13661721

E_average = 13712937

Emitter #46, Emitter #47,
E_average= 11870488 E_average= 14266367
0.06 H
e x
:
— ooaf ves é
E el
11% 0.02 .::f’ ’"* . R cit
13 ot \,‘..’.”;‘ .
R R
E ’ YN otO;' R »a«wv""éw.””:w;‘mﬂn Tres .
0.02 M&*..no‘““'"‘ ""':"‘:"‘”‘“'W.';i'_& PR
R A 2 3 5
s, [m] s, [m]
Emitter #50, Emitter #51,

E_average = 13734914

f 0.05 . ‘ ‘ 0.05
; : : poeox
| a | L

g ' e |
i H i i b
: : : Ll
i ' ‘e bed

o 3 R : “t
I 0f-aess j eed 0}
. SO P

3:.. ‘”‘: """" [RIRT ¢
H w ot H
3 § -0.04

-0.05 i 0.05 i -
0 2 4 6 8 0 2 4 6 g 008 2 4 6 g -0.06
s, [m] s, [m] s, [m]

K264 9H 4H

E—LEAFIORITEEDLE

0.05
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Emitter #48,
E_average= 13972015

X,y *¥is
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Nurnber of lost electrons

Number of lost electrons

85 L-FEEFDO N

BACK

* Output fileDST

—

number of particles in each interval —> Plot (MATLAB)

—%A& —> [smin, smax] — > Divide into same intervals —>Calculate

Emitter #45, Emitter #46, Emitter #47, Emitter #48,
n_simulated=221 n_simulated=293 n_simulated=198 n_simulated=154
60 T 140 T - 100 70 :
7o) Y [ S ........................... 20 F e s I vvvvvvvvvv L o | BO e """"""""""""""
’IDD .................................................................... SD ....................................... ............................
40 ....................................... .......................... : : :
a0k ............. ............. ............ i 1 s0b- ...........................
F0F e ...........................
BOF-oreeeefeeeennns ............. ............ 4 30F ..........................
20 e """""""""""""" g0k ............. ............. ............. : 20 p ------------- --------------
I B T A B T — I e S ] oo e T —
0 a ikl . 0 b . ; ; 0 e | 0 1L ;
5 0 5 10 15 20 5 a 5 10 15 20 -5 0 5 10 15 20 5 0 5 10 15 20
5. [m] 5. [ 5. [m] s [m]
Emitter #49, Emitter #50, Emitter #51, Emitter #52,
n_simulated=110 n simulated=86 n simulated=68 n_simulated=57
50 40 30 %
L R R R B el RnEEE T T 20 - ekl —
)| SRR PR R SR R -
1] SN NSNS S SN S —— -
L -

s, [m]

ER264 9H 4H

E— LA AFIHRITER H

5 0 5 10 15
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Lost current® HIE
BACK

«  CennicA/DFE CurrentT—%4 * Number of particles in each interval —>
—> Plot ¥fOutput fileMDST—%4 (MATLAB)

Same scale!
12E+7 pA/m

Lost current, [pA/m]

Lost current, [pA/m]

Emitter #45,
,  Current_ave= 6.09E-07

% 10

Emitter #46,

Current_ave = 4.97E-07

Emitter #47,
Current_ave = 1.60E-07

Emitter #48,

. Current_ave = 5.90E-08
12h et ERREEES R B 12k e e e s T P
ol TS SO -
N ............. ,,,,,,,,,,,,, ............
b A S b ORI N S A SN N - o
I T R P TP S o |
Lo ,,,,,,,,,,,,, ____________ _____________ PY U D _____________ ____________ ............. b T S ] N ____________ . _____________
S B e T i e o e e B e e B B
s, [m] s, [m] s, [m] s, [m]
Emitter #49, Emitter #50, Emitter #51, Emitter #52,
o Current_ave = 1.65E-08 y Current_ave = 7.01E-09 B Current_ave = 3.25E-09 Current_ave = 1.94E-09
T T e e e T e e T e B s e
e R W Vs W s Vs s o .,
[ s Y YOS S TS YL — ————
SHRES SIS S W W S W W W W S S S W S S W S S —
AU S N Y S N W [ A W
N R -,
o s w1 w5 o0 s w15 2 % o 5 w0 % 2% o 5 w0 15
s, [m] s, [m] s, [m] s, [m]

FR265F 9A 4H

E—LEAFIORITEEDLE
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Lost current® £ & &

WITH PEAK Emitter#45 Emitter#46 Emitter#47 Emitter#48 Emitter#49 Emitter#50 Emitter#51 Emitter#52
forward peak, [pA/m] 4.86E+07 1.27E+08 3.82E+07 1.17E+07 2.21E+06 6.76E+05 2.19E+05 9.56E+04
average, [pA/m] 1.06E+07 5.78E+07 1.44E+07 4.19E+06 7.45E+05 2.34E+05 7.46E+04 3.10E+04
back peak, [pA/m] 4.86E+07 1.27E+08 3.82E+07 1.17E+07 2.21E+06 6.76E+05 2.19E+05 9.56E+04
average, [pA/m] 2.03E+07 3.05E+07 7.69E+06 2.30E+06 4.36E+05 1.38E+05 4.57E+04 2.02E+04

> Emits back more then forward!
NO PEAK Emitter#45 Emitter#46 Emitter#47 Emitter#48 Emitter#49 Emitter#50 Emitter#51 Emitter#52

forward peak, [pA/m] 1.67E+06 8.82E+06 1.72E+06 5.10E+05 1.35E+05 4.34E+04 1.93E+04 1.18E+04

average, [pA/m] 2.85E+05 9.71E+06 1.87E+06 5.24E+05 9.90E+04 3.50E+04 1.52E+04 6.39E+03

back peak, [pA/m] 1.14E+07 2.13E+06 4.62E+05 1.32E+05 3.53E+04 1.22E+04 5.25E+03 4.66E+03

average, [pA/m] 1.09E+07 1.96E+06 3.99E+05 1.12E+05 2.53E+04 9.72E+03 4.73E+03 3.05E+03

n-mode Eacc=15MV/m

Emitteriris distance 6.8mm (Z direction)

\ |

A X NN NN N N Emitter C->7&L
Emitter iris distance 3mm (Z direction) E m |tte r B‘>#5 2

/52 iy / f | Emitter D->#50

Emitter A->#45

Emitteriris distance Omm (Z direction)

I> Emitteriris distance 4.40mm (Z direction)
SER264 9A 48 ' B LA A SUAIThIRFPhases | E. Cenni, KEK, 2012
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