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Abstract Electromagnetic Coupling Analysis

Detection Principles

The direct simultaneous detection of electron (e-) and positron (et+) bunch signals was Figure 3:
. . . . (a) TEM out . . . .
successfully performed for the ﬁrst time py a wideband beam mqmtor at the e+ capture section oo ||[swa s () Schematic drawing of electromagnetic couplings
of the SuperKEKB factory [1]. This monitor can measure a time interval between the e- and e+ TEM. TE T3] > .
. . . . . il between SMA feedthrough and coaxial structure.
bunches, their bunch lengths, bunch intensities, and transverse beam positions, depending on the
phase of accelerating structures. For this purpose, a new beam monitor with wideband pickups ,
. . . . . () input Z, i . . . .
simply using SMA feedthroughs and a wideband detection system based on a real-time Reference plane eb (b) Electromagnetic couplings between SMA feedthrough and a thin ring
: : : : . PR : : .
oscilloscope was developed to investigate their capture process at the capture section and to d |3 A beam. Inner radius of the coaxial structure: @ = 19 mm, ring-beam
maximally optimize the e+ intensity. The required specification for the new monitor is to —oeoo--Mooo.o.- | radius: b, radii of the SMA mner and outer conductor: b1 = 0.9 mm, bo
simultaneously detect the e- and e+ bunches generated in the capture section within the =2.05 mm, and the characteristic impedance of the SMA 1s Z, = 50 Q.
. . . . . . . . inside BPM SMA feedthrough
resolution of pico-second level with a sufficient dynamic range in the time-interval and bunch- EM coupling céM B
. . . . O
length.measurements. In t}ns repo.rt, the basic design and numerical results based on a modgl o |} Figure 4: Equivalent circuit of electromagnetic couplings between SMA
analysis of electromagnetic couplings between the SMA-feedthrough and beam are in detail L, N Z,? N Z? . feedthrough and coaxial structure. The arrows indicate the couplings
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gliven. " between TEMs (blue), TE and TEM (red), and TM and TEM (green).
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Introduction : :
Analytical Formulation
* The SuperKEKB B-factory (SKEKB) 1s a next generation B-factory that 1s currently in If SMA feedthrough is excited by an external rf source, By applying these fnrqil;léi.tifnn, the impedances for TEM,
operation at KEK. The SKEKB is a e+e- collider with asymmetric energies; it comprises 4 TEM excited in a coaxial tube is represented by (see [2]) ~ TE and TM modes are given by
. R - [ e 2
GeV e+(LER) and 7 GeV e—(HER) rimgs. Ey(r) = —m o Eg,(r) = 0. (1) ZTEM _ ﬁ L_h j(r;E,,u(r}dr] . (6)
* The requirements for the injector linac are full energy injection into the SKEKB rings with The higher-order TEs are represented by JTE _ - I f OB (1
the e- and e+ bunch charges of 5 and 4 nC, respectively. The injector linac should deliver E,,.(r)= " 2no [PIER, (M4 E2  (r)lrdr [Ja-n
hlgh_current e+ beams to the SKEKB rlngS. \;’\l'r?_[[ma"lr}[-fm [;”-'mnF}N:u[:“:fmnb}'Nm”"f-'mn r]'f:u”"f-'mnb]] . Q) ” fﬂ I(PEy, (7)Fmnl(r, b,’]drl ». 7
. . . . . Fokcmnb) I kemna)Y | 1=(m/kemna) |=| 1=(m/kcmnb ) a—h
* Since both the electrons and positrons with approximately equivalent amounts of bunch i Hm Ft=m F-t=temd i _jm?n a
. E = ™ _ mn
charges are generated at the target, not only the positrons but also the electrons are T_"{k e e N (e B (e ) “nn S e [ PEL (rydr M_,e, 1) Erma(r)ar
simultaneously captured and accelerated (or decelerated) in the capture section with a certain T ”C””‘ b}’;‘f {k H[H m - ][1 {”* m ~— (3) ) f e e b l N
. . . . - . m\KCmn m\KCmnd)) | 1I=IMKCmnd ) |= | 1=IM/KCmnD)” Fllryn\F )MWmnu\F, D )ar|.
time interval that 1s dependent on the operational condition of the capture section. | a-h
. . N . . o . Er!l111{¢:| = ﬁlﬂ{m¢], Eff-"uul [¢J :C{}S{mlﬁj- (4} ]‘I{} .nuﬂ
* Itis achallenging to experimentally verify and elucidate complicated beam dynamics for both i = e = |5 =376.7 (@) (9)
. . . . —KCmn [pP0)”
positrons and electrons in the capture section in order to fully understand them and to Here, E, and E, are the excited electric fields in the ra- oy < SinlBoth + 7 = a) o
maximize the e+ intensity under an optimized operation condition. dial and angular directions, respectively. The subscripts 0 sin(Boh)
_ . . . . . and mn mean those for TEM and TE modes, respectively. | - [ bicos®
* For this purpose, new beam monitors with not only wideband pickups but also a wideband %i (nri: éi) agg kcmn are the {l:utng ffetj]um:l{:% an(d}wave Engtt; Foun(r) = 5 ﬁ e ymnbilsin ] oo Im - tan™ ( : )] de.
. . . . or modes, respectively. J,(z) and V,,(z) are Besse
detection system were installed at the capture section to simultaneously detect e- and e+ and Neumann functions, respectively. J/.(z) and N’.(z) are (11)
signals during the summer shutdown of 2019. d_erivativ%s on z for Bessel and Neumann functions, respec- ~ Here, £ is the extruding length of the SMA feedthrough
t!‘-’ﬂlb’h X%rﬁ g ll:DPtS ‘_{f BESSEII:"N“Emﬂ““ combined func-  from the inner surface of BPM, no the wave impedance in
. . tion [7]. This relation is gnian y (see[3]) vacuum, 17,,, the intrinsic impedance transmitted in BPM,
Positron Ca ptu re Section af-(m, n) = 0 Xmn X! =kemnb. (5)  Po the phase constant in vacuum, ,,, the propagation con-

2n(b/a) stant of TE and TM modes, o a constant by oo = 1/2 for

e+ beam generation system The input impedance Z;, (Zo.;) viewed the reference ,;, - gand o = 1 form = 0, & and Lo are permittiv-

It 1s difficult to simultaneously and separately - : -

L plane from the SMA (BPM) side to the BPM (SMA) side . e . )
e+ Target Bridge Coil DC Solenoid Coil e+/e- chicane measure both e- and e+ bunches at the e+ capture can be represented by ity a‘md permeablllt?' in vacuum, res.pec.uvely. / (r) a nor
. o e section due to bandwidth of its detection system. . - malized current excited in BPM, which is a function of the

— e R R T * However, it is important to separately measure both Zi, = 1 Zrea + Z Z Zre,. + Z Z Zraton |, 3) radius r of BPM. F,,,,, is the attenuation function of the ex-
S . . . . . . . .
e- X e-—f e- and e+ bunches in order to investigate beam 2 — oy Sy cited electromagnetic fields in BPM as a function of r with
Pulsed Coil \ beam stopper dynrc}mlocs in thpu l?unChlng process and to Zout = ZTEM. (4) taking into account the geometrical structure of the SMA
new beam monitor |- A (ps) : time interval between maximize the e+ Intensity. feedth h
| : H : 3 the f 1 d : : ¢ feedthrough.
ocess 4 for e+e- e+ and e- bunches e The bunch interval between e- and e+ bunches ere, in eq. (3), the factor corresponds to a junction o )
| g:j;f’:i é‘f’;{i}:’fﬁ;ﬁ spreads 150-250ps strongly depending on operation the excited current at the reference plane in the directionsof ~ Coupling strength formula
. Line-order flip of e- and e+ condition. both upstream and downstream of BPM. On the other hand, Criem = Zout Zepm = o In(a/b) (5)
emost cqual amount of eve-are | = It should ‘be required to apply an optimization in when BPM is excited in one-way direction, this factor does ZppM 2
simultaneously through the e+ capture multi-dimensional parameters, because a lot of not need to be taken into account
. Depending on the acc. phase. the beam and device parameters may contribute to the - ' : ' ' '
travelling order of e+e- and its ti : : 1
s dmn b e | ¢+ production yield. Numerical Results
YNAMmICs.
Ar =150-250ps | - It is important to understand th
<" beam dynamics, called phase slip (@) 5107 L (b) 510 _
\( J\ P The important beam parameters are ; TE modes (m  =5,n=1) - TM modes (m  =5,n=1) | Figure 5: (a) Variations in the input impedance
gﬁ;ﬁiﬁggﬁ:éﬁ"ﬂiﬁﬂad = 4 102 | :;;22 1 5 «0 Z;ZZ (TEM and TE omodes) as a .funct.ion of frequency
€- €+ transverse positions. = o, = dmm = S | and the beam size, (b) Variations in that (TEM and
§ 3102 G, = 6mm ; g 3102 [ 5, = 6mm 1 TM modes) as a function of frequency and the
N : 1 N 3 | beam size. The subscripts n and maximum m are
: : " ) | I ! __—~—1 fixed to 1 and 5, respectively. The extrudin
Wideband Beam Monitor System z 20 | 1 z20 ] -_ o . respectively. g
N . IS [ ] length is fixed to 1 mm.
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* Fig. 1 Mechanical structure of the new BPM | P H . .
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5 - i inos | 5 TEM-mode couplings Figure 6: Variations in the coupling strengths
[ o =lmm TEM-mode couplings Pt aussian beam gure pung g
Electrode SMA fe?edthrou.gh, 4 p.us/ 90 deg symmetry | o2 Gaussian beam | 1 —— ° . Zze o between the TEM modes as a function of frequency
Protrusion of pin 1 mm, fc > 10 GHz B zz o j L :Z%;‘gg 5 = dmm and the beam size.
Inner dia. 38 mm N R D
z é 10?2 Figure 7: Variations in the coupling strengths
Flange KFS-NW40 " - I between the TEM modes as functions of frequency
0t L . OOF 1 and the length. The transverse charge distribution of
: i 10" 1 0, =4 mmis fixed.
« Fig. 2 Signal detection system @ ) —— | - OE
I ] 10° by e ey 10 L0/
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coax. m i ]
SMA feedthrough g F . o§ch1 : %0 ] J1GHz] S1GHzl
ch2 < ; coax.3 2m) | 5‘1)3 = Nf = | |  Zmy does not depend on frequency, and the higher-order modes arise in order at their corresponding
== -LF C = = ' . . .
5 Esm A = '_ cutoff frequencies starting from their lowest order.
Y B = T 500 L - | * The input impedances of TE (TM) modes are Zy; ~ 7 x103 ~ 5 x102 Q (Zy, ~ 7 x103 ~ 2 x102 Q)
a - - U @ﬂég}}g PN _ | depending on frequency and beam size.
| —— RG-223 coax. ] - . . . .
- Conx. ot | ”’{'; ; * The input impedance of TE mode is larger than those of TM mode.
wideband oscilloscope ol - - .
- L T ————————— ™
ch4 1. coax.1 (semi-rigid PEEK) S oz 4 6 50 2w Conclusions
New BPM 2. coax.2 (Fujikura Dia., 10D-HFB-CE) f1GHz] fIGHz]
3. coax.3 (RG-223) : : : : : :
The basic design and numerical results based on a modal analysis for electromagnetic couplings
* Total length of coaxial cables should be at minimum. Flg}lre 3: Measured S21 -paramf:ters, (a) a.mphtude and (D) phgse, of a between SM A—feedthrough electrode and a beam are SUCC@SSquy investigated.
* 10D coax. cables should be used to reduce high typical coax. cable connected with three different coax. cables in series. . . . . .
frequency loss as much as possible. Based on the design parameters, 1t was verified that the wideband monitor system can work well
) iiw;evefl’s gg”;;:iis hvlggé r{iﬂ%fr d:;‘;gi“g:;“&g in the direct simultaneous detection of e- and e+ bunches.
excited. R f
e Radiation-hard coax. should be used in the frontend. ererences
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