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Fig. 1. Circular waveguide and coordinate system.
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Fig. 2. Poynting vector variation in the waveguide: (a) The variations of each Poynting vector’s components along the p axis;

(b) the variations of each Poynting vector’s components along the z axis; (c)variations of the z component of Poynting vector in

space; (d) variations of the p component of Poynting vector in space.
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B IEEE L, RERTTSREhEE RAr A S Rl
BT I KRB i wha N 15 MeV. BUHEF 8%
KigEitEA (2) X, Hp, o H5XETFRERE A L,
L 0. 4 w = ho ARATHIR K S XHEf 2
[HJiNP S
N = 2ch~y? (1 — cos?)
1.602 X 10~ 90y’
Horb b o B S0 R B, AR R 2.057a <
A < 2.613a B PARSAELEI ) T 2 DL B RhBR
S A TTEE 430 A RE | SR A | B R N
REFIUE Z B e 2. BT A B XHE M o =
B ASA 043 (15) 28, #5 R aCa i, i S i

CIES
A 2
2 _ _
2chy [1 ! (2.613(1)]

1.602 x 10~ Pwpmax

/\ 2
=9.11613 x 10% [1—4/1 — .1
9-11613 % 10 [ <2.613a)] (15)

P ] 4 AT, i A D A BRI 2 4 4 [T e 2%
Ty R A, 2l AR HE D 3 S48, W] LU
1330 9 AR, XTI AR o ORI N AF
SN 2 frs).

Frf T, YR ENAE R sl ) RS B, T, e
Uit A% b 35 B A O e Bt o) g/ D JR) S B i D 1 s [
CEPC 7£ Higgs B2 7HT, %5 i T A A ] f s
[k 680 ns, APRUERGE I AR GIRG B, T, 4%
I E YRR, TR T SR AR HAL B DS
& a = 3.5685 x 107 m, i1 A = 9.319 mm,
HL T A B 2 £ 1 43 5% cos® = 0.035405. Xt 1

(14)

A=

1025 88°, L F IR MBS E Az = 4.4 mm x
cosf =~ 0.156 mm, YEEPZER B K E T, =
13.1601 mm, Az/T, =~ 0.59%. 1T H TRFERER
1 TS p 7 AERE G T b HUARVDN, BOAT LA
A HOR A BUR GRG0 2 %4,

0.020

—— Solution
2.057a
0.015 2.613a

& gomol . /
~<
0.005 _/

0 1 1 1 1 1 1
0.002 0.003 0.004 0.005 0.006 0.007
a/m

4 FARLAR R - N A
Fig. 4. Solution of wavelength and inner diameter for single

mode transmission.

3.3 BSIRTFHTEIE

e s B L5 o A 7 B0 0 B Bk 2
L3077, SRR PR AN/t SRR O
T o 22 180 0 L 9 58 20 7 DA O 7 5 T
e R A R P 6 TR0 A
Z3t (16) 38, FIRHAE: w RIS, B 75
spEF R (17) 3

dN,
dts = L0, (16)
dN, do
do.)dif T (17)

A1 5 B AR A L T AR i HR 0 1 Y K 1t
TRUN, BB XA LT 1 A BERTHUDE T 1
WA, BB A ARk 2Y:

2

dog :Te)g{n [1+ 1 +w?)

K2(1+u

- 4% (1+u) (k —u) }dudgp, (18)

o w N WoEo . 2 g N N
Hofru = g0 —w’ rla) = 4(mc2)25m (2)’ A du =
d— - —ACA LSRR O R ik

7’62 €0 2
o0 =20 e (e ]

—4%(1—|—u) (k —u) }dw. (19)

131301-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 13 (2021) 131301

* 2 PR - T RS SHE

Table 2. Parameters of microwave-electronic system in single mode transmission.

a/m A/m Uy costp/cosl T./m T,/S
6.35 x 103 1.39 x 102 5.45 x 10¢ 5.45 x 10! 1.28 x 102 7.80 x 10
5.5 x 103 1.30 x 102 4.46 x 10'¢ 4.46 x 10! 1.46 x 102 1.09 x 1010
4.76 x 103 1.18 x 102 3.13 x 10t¢ 3.13 x 10! 1.89 x 102 2.01 x 1010
417 x 103 1.07 x 102 1.88 x 10te 1.88 x 10! 2.85 x 102 5.05 x 1010
3.57 x 103 9.32 x 102 3.54 x 101e 3.54 x 10t 1.32 x 102 1.24 x 10°8
3.18 x 103 8.27 x 10?2 8.12 x 10'¢ 8.12 x 10! 5.09 x 102 2.09 x 107
2.78 x 103 7.11 x 102 2.11 x 10'¢ 2.11 x 10! 1.69 x 1072 2.67 x 1010
2.39 x 103 5.84 x 102 3.51 x 10'¢ 3.51 x 10! 8.32 x 103 7.91 x 101
2.18 x 103 5.16 x 103 4.26 x 10¢ 4.26 x 10! 6.06 x 103 4.74 x 101!

JT ATBCR R I X e 2 1 S B (20) X, S
BACA T B A8 5 RO O FRE & wn, BRIA] LA
3] do/dw SHUSDOGFRER wy Z B R K
K5 fras. AW 5 el DU Y, S EUDE F g
K E K 15 MeV B, do/dw BB B K, I B
INf YRR OG- R808% FE R K. ARA S B 41U
e F i KRR N 15 MeV B, do/dw = 7.92267 x
1030 m2-MeV !

2
doyg s €0

e 2n52(1 " u)?’ o w)2 {Ii {1 +(1+ u)z}

—42(1+u)(n—u)}. (20)

10
8-
6_\—/

0 2 4 6 8 10 12 14
wy/MeV

(do/dw)/(1073° m2-MeV 1)
N

K5 HUHE T AR RERE X BLAY do/dw
Fig. 5. Different energies of scattered photons correspond-
ing to the do/dw.

kT DAHICE B8 T A — 2 A ) W Y
L, TF IR RO SR, X
HL2% 1& CEPC Y LA HL - HRORIZE S 0k AR BLAE
PO, BT T BT L% 7 ) 5 B EAE 2R o
BRI —E, BT DG TAEE 5 18 AU 2 5
75 ) R 2 A2 07 10 A48 . R 77 8, A —
FH TR SO TS, 8% T

ASFIE, AR HL TSR O (3 A S R BT AR R
it 2 AR, p4rE T 0 BRI . O HOR
R PR IA A, B 1 SRR B2 A i 4 2
Aii, BTG T o34 S R AR O — 20 2r HROR
5 RS R R () 58 B2 T DL T kit 22

L=2 NlNchfcos2<p/f1 (1,91, 21,t)

X fa (x2,y2, 22, t) dedydzdt. (21)
K, Ny B TEG Ny BRI A B2
WAVBG [ EBESR, ¢ e f ML 1
IH—Ab A bR f, R HL TSR A B — b 4345 PR
B o ML FRFRXHEM. £ RS, B
Sy HT— A TR A S OGP A EAE BB, T
Ll BEUH 1, CEPC 7E Higgs Bt P st 1
W B FEL N, F 15 x 101021 [mhghi 4T
L 3 B2 R DL CEPC i A2 I R G, JLMH 2
3000, FIRIE G400 S8 N, R — 1k k%L
A TG T M o) 2. BEDER B SR
71N 1A S BT i ] 3 2o 3 A0 T AR R e, BRLNE
B W/m2 T LAB R T/ (ms), W02 i ] 5 B
A7 2 B 1A FR ) O B0AE F B B0 AE R B DL B
KT WREHEL: omic (p) = S/(hv), BfijE N/(m*s),
NEETFHC R Ay o 25 1 IR A e 38 43 A
n (22) X, B DL 5 A5 3% 2 0 X 1 5
B (23) i

1 1 x% y%
2 (22, Y2,22) = exp|l—s| =+ 1|
f2 (22,9 ) 2n000y0 p[ 2 (‘79252 052

(22)

L= 2Ngcfcos2g0/0m (p) f2 (z2, Y2, 22,t) dedydzdt.
(23)
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DAL F 1 SRAT 5 2 S R A0 5 BE TR A
{RTER HSE R RIE, bRt B il 25
— IR TR A AR AR R, AN 6. AT Z 4R
ZMebR, LTRSS Z T e X-Z P, A
(i, Yir 20) AR R B ARBR R (2, y, 2) YR HRAR
PRI XRR: o1 =X, 1 =Y, 21 =27; z2=Xcosb
—Zsinf,ys =Y, 29 = X/sinf = Z/cos .

RIS B f, B (24) 2t |

1

T Z9) = —eX
f2( 2, Y2, 2) 27{%2%2

X/wluf 2o

C— —

6 R g — A bR R

Fig. 6. Unified coordinate system for electron beam cluster

and microwave.

(zcosf — zsinf)® 42
@ y

% (12) s ifr 5. = 13, DU ["1 (2'4;05’))] sin® (82) BU K ALY, sin’(B2) = 1, omie (p) = S/(hw) =

019 4052

E2, Balwe 2405 \1% /1 1 s s ‘
J p=ns:d AN /I_El
T 22052 |\ T r RAZE A AR
E2, Ba’we 2.405 S|
L=2-% Naccos? / Ji | a2+ 2
hw 24052 2P L1\ TE VT YY) Sn0,
1 — vgt)cosh — (z — v,t)sind)® 332
xexp{—2 [((x vgt) cosl — (z — v,t) sinf) i y;}}dxdydzdt. (25)
(op

LTI 100 W, KA SHURA (25) X,

WIZERE Lo w N 2.81744 x 10% m 2s 1. iy (17) =X
O A AU BT RR R T
J&E 3fe 1l S A I X R R L, Yk T R R
100 W I, HURDEF 0% B
jig; :Lj—z =2.23216 x 10"s~*-MeV !,
BEIs [R5 4R S FRU% A 0.25 s Me- V1181 fip
DI L 8.92886 x 107 #4574 RS IR =1 &
K, PRI ST, S T B A b i BRI 5 58 1)
PEBF AT, WM 55 290 X CEPC [A 254 4
BV S i X 1 S L VS R TR O
6] BT B T T Geantd HyBEARILL, #4Dl 45 R 26
HF B - R 0 5 A T I E H GeV TR
AL EA RS 1 1 A

4 w5k

8 3 AT O e 5 AR S L ) R
B, 4 T I - B O
A R REE T B TR R TR BB I V. T
TR - U AR G R A5 | R RS R B
ARG BEEOK, #E TR 3.5685 x 10° m

5898 5 T BERA% 17 5. B TERIRFOL
TIHAUTH—T7 ) 8, /b s 1o A 5 S
PO R SR AR RE Gl BT S BT
T A PP T NARSF SR, RIER
TP 2 i 5 F R A A PR — 2
AT R R S O T AR A R, TR
ACTERIE A A 2 H 18] 5 o A AT P9 5 B AR O 1
AT, AR TR AR IR AR R LR
B AYIEAR BT Tk 100 W I HUR v Ot 7
15 MeV RERAY™ A, i IH R BGDE TR S
[F) A0 R 5 ' T 5088 B 4 L (R A BRI 5 s B9 1
WELE, 100 W R ™ A= B (5 R LA & R GE YR 22
EOR, WIE TixT #H A4k, 5 BEPC 2 A 1E
T X LAY AR RE R I ARG L, %t s
SIP T OG- T B T BUATE B GeV #E
GO HEAL A FH A BEIE RXE.
AW BT R, R IE
SEPRF OLI T 1 AR S A2, 25 i 3 S BR
18 DL R A 4 1T AR 73 A ] RER A A HLAE AL % vh
ARRAHRFE, P UA 5 Tk — 22 SCR i, £t
TR 55 R TR A A B T HIU D17 0
i, AT TR T 5 2 7 R T I B
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Circular electron-positron collider beam energy measurement
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backscattering”
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Abstract

The accurate calibration of the beam energy of the circular electron-positron collider (CEPC) is performed
to accurately measure the mass width of Higgs particle and the mass of W/Z boson, thus providing the basic
experimental basis for the accurate test of the standard model. Based on this, the error control of beam energy
is required to be at a level of 1075, Compton backscattering method is suitable for high precision calibration of
beam energy in the Hundred GeV high energy electron collider. In this work, the CEPC beam energy is
predicted to reach a theoretical accuracy of about 3 MeV by using the accurate measurement of the scattered
photon energy after microwave electron Compton backscattering. Firstly, TM,; mode microwave transmission
in circular waveguide is selected according to the design requirements, and the electromagnetic field distribution
and Poynting vector under this condition are solved. According to the photon distribution and transmission in
the waveguide, the design idea is proposed to simplify the complexity of calculation, and the parameters
conforming to the design requirements are solved by combining the simultaneous equations of the high purity
germanium detector sensitivity and the background of synchrotron radiation. Using the optimal set of
waveguide inner diameter, microwave wavelength and electron incident angle data, the derivative of the
differential scattering cross section with respect to energy and the collision brightness are obtained when the
microwave power is 100 W. The scattered photon density of 15 MeV energy is further obtained, and the signal-
to-noise ratio is analyzed according to the photon density of synchrotron radiation under this energy. The
feasibility of the scheme is demonstrated theoretically and the technical difficulties and problems to be further

studied are discussed.

Keywords: Compton backscattering, circular electron-positron collider, beam energy calibration, microwave
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