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Introduction e Study of appropriate kicker timing

* The 3-D Spiral Injection How do we store the beam? No Kick Actual pulse current waveform . .
: : : * Based on the specifications of the pulse power supply, the actual kicker device's current

waveform signal was acquired by CT. [1]
* The pulse power supply alone - Confirmed to meet the specification.

)

A

.?
)

i
I
b

]
)
; _’} \
. ’l‘

74
’,
PEAL R f‘

\)
YN

the Three-Dimensional Spiral Injection Scheme, to inject the beam into a 66 cm in a spiral motion using the fringe field of the solenoid magnet.
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dlameter storage Orblt which is about l/ZOth of the previous experiment (BNL E821) _ Create a radial kicker magnetic field to give a vertical ;‘r_'-"‘; . Thefpulse powfer s:JppIy+ kicker ccl)ll > Tge fall time is 100 ns, which is different frorln the speC|f|cat|on |
_ | . ) ) . . ;,-__---— , Main specifications of pulse power supply r = I N
kick(Vertical force according to Fleming's left-hand rule). T— for kicker for electron gun test bench < 7= s:::ﬂﬂ‘f;f::;;,i’i'ﬂfé T —_—
. . . . P - I ~ . |
. This vertical kick guides the beam near the storage plane. p—3 ltem Specification PRI R A R o e e
. A weak focusing magnetic field holds the beam in Betatron Q/4'28 §=§§ 5 } Current rise time 7E e = 5 : :.. '
Solenoid oscillation and stores it in an almost two-dimensional plane -_-8_,48 ‘\v—{ 2040)( ) : PSSR ) S — i E
magne without using an electric field. 2177087 Current fall time 50 ns £ | Triggersignal i\ .
——— Difference between with and without = l N
| kicker when a single particle is injected. Peak current 40 A(20 A+20 A) == g :
------ >For the success of this injection, the generation of the kicker field that gives this vertical kick is essential Supply voltage 5 kV JE_..j Kicker current signal ii‘__mo ns; .
and giving the accurate kick and holding it in the weak focusing magnetic field is directly related to the Load inductance P )= / acquiredbyCT 11 N, n
high injection efficiency of the beam. adla ...i....i....i....'}‘!.‘$|!...i'...|'....
ittt ll Storase plane _ ] o o _ _ Repetition 50 Hz -400 -300 -200  -100 /0 100, 200 300 400
Vertical kick gep ->The tuning of the parameters of the weak focusing magnetic field (static field) and the kicker magnetic Rise time | | Fall time time [ns]
- field (dynamic field) is very coupled, and the mutual adjustment of these parameters is essential for the
Image of the beam orbit injected : : : H .
by the 3.0 spiral injection stable beam storage Duration time is long due to the pulse power supply limitations.
Demonstration of the 3-D spiral injection using the eIectron beam 7o much foes T change e eker fmine?
- * Assume a triangular wave for beam orbit calculation
In order to establish the injection scheme, we will demonstrate the 3-D spiral injection on e s = & g Differences Between Production and Demonstration Experiments « Use the parameters in the figure as a "base" for discussion. | defined a
an electron gun test bench which is a scaled-down version of the production experiment. i}fEleﬁ / ‘~ i= _ * The time at the injection point is set to t0 = 0 ns. triangular wave
In the future, we will install the pulse magnetic field kicker device in the storage magnet. } Poley - U S0y » Parameters that can be changed : weak focusing magnetic field thatis close to the
" QR ——— Kick . Stora L gha D DA [ Particle ut e flux(“Medium” <€ “Strong”), pitch angle, peak current, kicker ~ Feal waveform.
/R M/ VAR | | S, 56 éh =X : - A . i mI > . - coil position /T
o * Pulsecurrent: I(t) = I, f(t) B e | il gl - TR Diameter of the storage orbit 66 cm 24 cm ‘ Change these parameters in this study and discuss. ‘
¢ * Peakcurrent: I, = +40 [A] N &1 N e Storage fi
ge field flux 3T 82.5 Gauss : :
+ Coil radius : 10.25 cm —0.4-=—_ Kicker coil > Rise time : 20 [ns]| [Fall time : 100[ns
Momentum 300 MeV/c  296.9 keV/c % 3]t hekcamen O e r ns]] : 100[ns]] J
S IO A A - : ) 97 i aiccurrent: fo = T
— e e e e e e _, 2U.0|CIN| o Sewme | A ] ._ C\/ClOtI’OI‘I pEI"IOd 7.4 ns 5.0 ns 0.2_5 Coil radius : 1I0.25|cm
Pulse power SUPPW\ 2 = Screen = _ ﬂ 0 1_ J/]\f\ Kicker coil position
for the kicker dewce \k (Copper plate) T ' Z=+15cm
Weak focusing magnetic field
‘ L B B D AT : -0.1- solenoid magnet
' — Collimator - Bending : Our storage solenoid magnet can create the weak focusing magnetic field R Solenoid 0.2° S T—
Prototype pulse magnetic field t around the storage plane by changing the current balance between the ~ : : :
: : 80 keV electron beam magne ) ) . : main coil E (x0 [cm],y0 [cm],z0 [cm])
kicken device for our test bench Quadrupole main coil and the auxiliary coil. : ~0.3- ~(-10.88 11.71,-35.20)
magnet * The beam can be held by betatron oscillation near the storage plane ~0.4- pitch[mrad] = 621.17
Schematic diagram of the electron gun test bench at KEK without using an electric field.

e In this study, we consider three different models of weak focusing

magnetlc fleld "none", medium", and "strong".

Pulse magnetic field kicker device

£ 30— None _ While changing the parameters from the "base", | checked the time range of kicker timing that
.« . . £ [ | could accumulate one electron with the assumed triangle wave.
* Principle of Operation 3200 M*’d‘“m | Current balance . .
Create a radial magnetic field by applying a pulse current in the reverse direction to one turn : None = =+ Main:8.14 A, Aux:4.40 A * Change the weak focusing magnetic field flux
. . 5 Y dppying @ P 101~ T [Medium - - Main:8.76 A, Aux:6.84 A ->While changing the pitch angle, | checked the time range of kicker timing that could be stored.
coils symmetrical above and below the storage plane. ; Range of Strong * * * Main:9.35A, Aux:9.16 A Photo of the solencid coil I ° 79 ns N ° 80 ns :g 7
0 ?-weﬁkiocus e _ JEBEEERET NS 80 = - 20 IRNRRY SN EEE Y W I =
° Adva ntages | (Stirong) _ . inside t.he sforage magnet E @ f 1 1, 70 g L A N T T~ ERL g
* The pulse magnetic field generation time can span multiple cyclotron cycles. —10f A T O S S S R Effect of different weak focusing magnetic field g \ 0t ' 'N 22 s
. . . . . . . . . . . i : o= : - ° ) i~ e Q
* The solenoid axial magnetic field is a canceling magnetic field distribution. S dl%ErlbUtlonS on the pltCh angle accePtance £ 60 11 - iz = g %0 f 40 3
* Vertical kick can be given without disturbing the orbital center because the kick field is axisymmetric. 20| E Medium E ¥ Strong I 2 el i 1] } I 0 o 2 80 , AR R R I 0
] o i ® 0.3 R I e S M S 03F . A S W S v J | | o0 v ° | S
Calc:!atl,on r,eSUIt of the magnetlc,fleld 3 i i, “il ol ; 02_ ‘ ' I -g 02;_, : | | 3 -100 ~ Ve e e o ¢ o090 ° 1 \ 20 § E -100 .F} s o 00 ? ¢ * 7 ¢t 7 1 ig %ﬂ
e e . 30 istribution created by the coil 300" 8 6 4 2 0 2 4878 10 N Narrower ; 10 g .
Kicker coil P2 = (atr=12cm) Br{gauss] Ot 0.1 120 Lo F -120 0 E
Pulse current: I(t) = I, f(t) i E f f 301 T oF ob.... 621.17 620.87 620.57 620.27 619.97 619.67 619.37 _ 601.17 599.07 598.77 598.47 598.17 597.87 597.57 597.27
Peak current: I, = +40 [A] i iN i pitch angle [mrad] Medium pitch angle [mrad] Strong
Coil radius : 10.25 cm ' I 20l 01 a3
________ I5fem] f=====r="=-----r--------F---1 : : : e Results
i | ' | 10F- S P S R U OO W N - S * Kick in flying (t0<0) and use the falling time part of the waveform.
i "lc"ﬂ: Br__ i : %lllnnnll %..ll.l., » Changing the model of the weak focusing magnetic field requires changing the kick start timing and pitch
- I 3 “03-02-01 0 01 0.2 03 04 05 0.6 “03-02-01 0 01 02 03 04 05 0.6 . H H H H
30 cm i (Storage planc) — o o Citchevaivirad] Ditchevzivirad] angle accordingly, but we were able to find the best solution with a bunch width acceptance of about
----------------------------------------- i | - i i . Examples of pitch angles for each weak focusing magnetic field model 80 ns in each case.
. B, ! < . _10f -101- - : References
N ;}:li el - ! : Consideration
7 \F 0 15 lem| - - - ) ol el el e - . : gy : [1] K. Oda et al., “Developments of a Pul
Storage plane 1, | - ; g —20F The stronger the weak focusing magnetic field is the larger the pitch B . \vc sed peak current and kicker coil position as the "base”, but we will also [ Kicker System forthzvmgzgggn;on‘;fe
| o i | R angle acceptance that can be stored. change these parameters to determine the best kicker parameters. Spiral Beam Injection of the J-PARC Muon
1 ! 1 : : : : : _ pi et o L L by aa e Lo naa Lo aa L aa ° 1- H H H ) . 9e - .
i I | N N T R LT A T 40 45750 55 60 65 70 75 80 85 90 For the multi-particle model, the pitch angle alignment of the stored . |\ ;i e discussed in the multi-particle model, and the balance between the weak gcz/EI.)M E;‘gegme.r:t U F;?g'l'PACfZé’_
. | - I | T e . ... .. Bzlgauss] particles can be changed by tuning the weak focusing magnetic field. : s P L : : ampinas, SP, Brazil, May 2021, pp.
________ . Magnetic field distribution SThe balance of iniection efficiency needs to be considered focusing magnetic field flux and the injection efficiency will be considered. 729. doi:10.18429/JACOW-IPAC2021-
Image of the kicker coil creating the magnetic field Br Br and Bz [gauss] of the weak focusing field © balance ot Injection etriciency needs to be considered. * Install the kicker device on the electron gun test bench and run it as a system. MOPABZZ1




