hoik B R H PP LGk (2022 4 9 1)

TR AT IR K, FRATIUA [F e B AR s g Ak ) AR Fe M A 1) Physical Re-
view Accelerators and Beams (PRAB) B80T S5, 8 (HART) St klikE
PRAB ] EZen9iT), Satsr 3k Py2r (American Physical Society, APS) J N #H
BiT|eGE % PRST-AB. Elsevier fU#Z¥HL- 5K Nuclear Instruments and Methods (NIM)
SRS R REVE MDA 7 AR 5. SR LTS UG 3 1 A SR IR SNSRI FR

W LS T H W EE G KA, £ http://faculty.hust.edu.cn/jcytsai/zh_
CN/article/2191806/content/1551.htm#tarticle A LAFE R Ff9 G332 R . BT BAKCE,
SIRIVFZ T AU (IE)o ARTR T FIRANARFRIE AUl WA m, &
A NS e HR U Y AT RERF 58 1

AR (2022 £F 9 A) SRS R

s L WA
sorg [0 B B W B jcytsaiahust.educn
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IExplaining the Saddlepoint Approximatiod

¥Ot- 77735 [PRL 80]

ILaser-Electron Storage Ringl

R T )l e, 40 4 e A L 5]

IBeam impedance measurements — Coaxial Wire Methodl

FIRT 90° S Hab = 2k kA X 5k [NIMA 341]

beneration of femtosecond X-rays by 90° Thomson scatteriné

PEP 5 PETRA WP AR [NIMA 221]

Single beam stability in PEP and PETRA

KT SPEAR [5082Sk F hefh i Ehligl [NIMA 203]

bomputer simulation of bunch lengthening in SPEARI
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1 EERGEANEE A

Explaining the Saddlepoint Approximation
1.1 EAREE

. 2 HE

. {E#: C. Goutis and G. Casella (Cornell)
A O ELA

%E4% https://www.tandfonline.com/doi/abs/10.1080/00031305.1999.10474463

1.2 fj#

KR TR R B AR 58 e B A S B A Pia e S0 AW A
(asymptotic analysis) HT, VEBRAG B B0 AT R BT, B8 E (saddlepoint ap-
proximation) & — P ERA N TH . XIS IZREURFT 2T 5 1 hr - hr i i
THIG . FERC LA, SRR IR N R E A 4 o FL R (s 1 28 3 4o B A
A5 Edgeworth I, H#ESEAS R UL INE. &GI8 A TREEREUR S 574 R
B s KA T (maximum likelihood estimation, MLE),

1.3 SEER AR

o Tk BRUE R RO 7 kAR RS B gl o
R ERARAR B S R, RERRILI, MBS, ATRLIRARS R
BEHBG W RIHE.

TR i B S B B RERR 3 B W R (LT X S B RS R (L (single
Taylor series), 75— RN ZEH T (integrated Taylor expansion)—iXfF e H T
B S— M7 Gamma 47 % (Gamma distribution), 55—/-fi
TN Student [ t 4345 EREL

BORIEC §3.2 S 4RI Edgeworth JEIF, SRR 7, AL

IXFR AU 08— D HOR B YR T DR s SR A ST RRRE AT LA 2 [ 430 e KR

BER e HETNKIEA L BB B (convolution integral) AT o —MUERTT LB EA f () 5K
fla) =@ BIRBA TR BCHEIEN], (RIX IR 1L



https://www.tandfonline.com/doi/abs/10.1080/00031305.1999.10474463

1.4 Hp
WA OAR P R KR T A BUMESTHIR, ETERIRAER L (size of the er-
vor) BEFFAl e XEAEE A, AT

AL ZH ) 3 s R B — R B DN B 1 B3 (steepest descent) BfRI# EFHE

(steepest ascent), H .

XF R R AT s LR ST TR, R @0 TR, N RO PR R A 5
W e o AT, SRA S AR R RO SR AT R A R R B T BT

—/NR]REA B 255547 - https: //math. stackexchange . com/questions/2315801/

maximum-likelihood-estimator-of-two-independent-random-variables-that-share-a-me


https://math.stackexchange.com/questions/2315801/maximum-likelihood-estimator-of-two-independent-random-variables-that-share-a-me
https://math.stackexchange.com/questions/2315801/maximum-likelihood-estimator-of-two-independent-random-variables-that-share-a-me

PRL 5 FERR : AR
H i 2022/9/2

2 WOE-HF#FI [PRL 80]
Laser-Electron Storage Ring
2.1 EARFE
o K [FBREATS H B HE RO

{E# : Zhirong Huang and Ronald D. Ruth (SLAC)

CCIR 170

%% https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.80.976

2.2

XS TE SCHE T BB A OG- i {7387 (Laser-Electron Storage Ring, LESR)
REEHI IR HE 4 X 14075 BRI G — R miot IR IREd, 5&
BRI FARAEAER, AT REE R T DS ZECH S MeVe BT HFHRIE
-5 OB EAE S B P B R RO LIS BT A HL (intrabeam scattering, IBS)
RN, PRI FE SR B P RE AR AR TR P 2R B/ IME o X S e th mT DA Ji] s aoieh e i 1 B 2K
R4, DURAE % 58 g

2.3 TTRREAIHT A

o GIBTRL RN WO SCEAE AR R 22 2 AR H P E AR ST, XA
WSCHE WOE- F7 58 EAE A FE 7SR AT R IR, R B AE AL % AT T o R
25 AR OG- FL - S EARE TIGOL  72E X eyl ik

WOL- TR IS N I T8 Fig. 1o T RAEM AP ERIET, W
SEHAAEIRERIERY . 5 BT AREM . LESR BEERA A HO- "5 H
TEHRYHRSIHOES A (radiative laser cooling, RLC) X W AR (intrabeam
scattering, IBS) M. AL HL-7 A AE R Al UM 2805 1~ MeVo H-F3& 16l T
BRI R L HIRERAE RE G 1o i b2 o

o TUBA: BBEOGLE LESR iSRRI TIELL R 3R, AT LMY 581 wiggler By
undulator, - REIEM BT, HHAE RF IEIRERGAME . RMHA G
FL - AR ARG DL B JE A8 Bl 18 2o BESASERBOL I wiggler 2 undulator £§


https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.80.976

tf cavi / -
electron injector

<—— compact storage ring —_—

laser beam X-rays
laser  Fabry-Perot resonator

FIG. 1. The schematic diagram of a laser-electron storage
ring.

i, AB2HAFAE Compton B¢ Thomson FSTHLEI, HALRE 4 E M RIS 1L
AL HL T AU Sk X SK” (counter-propagate) 38 HAEH

LT Telnov $2 HFUHOEIE 215 S8 A~ ok L F 4 IO IR 12k 90% BERL (2
FEREHN 5 GeV), KA BEN 10 1% . 5 BEIX IR AT ZHUR B R ALl A7 20
BOPASERR (e BZhdar. BERESI RS, RRIIESCET RIS, BT
LT RAERDN 100 MeV DU/ aeiB ST REFE IR (o v?), $RIIZ R (~ 10°) 18
FTRRIAT T o AL FE-FRE A 2AE 100 MeV R XA T HAERY GeV 128
PR AR PR T A . 2SR R, BT LESR 0G40 (RLC)
Bl e RS RO AR RIE R OHUR . & Fig. 2 k.

laser pulse envelope x-ray photon

laser pulse

FIG. 2. The laser-electron interaction region.

BRI SRR TR RGO TR AL, FRMOEI R B2, Mt
FURMES SHRAFFIEIZE R, 254 J0HF LESR [T {7ht . AT, %0 7XHL (3%
FRIATHLE T TR TSRO IR 5 2 U O (tume
shift) B, JKFSMITH WA I

R IE S0 a2 TR R R, — A AR R SR S, — &

6



X IR . WS RN Table 1.

2.4 H

KR VE ST FLF B 2 R AR RIS RS A AR S O 2" K0 2L (counter-
propagate or head-on collision) SZ EAE o X AT 514 JFN_L5@ FH T HL 5 RS H0E
Y[Rl A) (co-propagate) fEHRHILIRMUR /S5 AT . BT RIMERHEROL N L3
e, XEE TR A A IE N A BRE -

F

BEAh, X B A 20 73R BB HEREE (U0 arc) HURRSSHE S TR, 2tk
TG PR R, JF BRI BEAE mm 52 3T SSMB, HRECEAE ~ 10
nm ~ 0.1 pm 2R}, ATRERR E[RII % &I 5 S are R
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3 BT[] b R 4 A SR AT FEL B B
Beam impedance measurements — Coaxial Wire Method
3.1 EARfFE
o K 1N
« {E%: Giuseppe Di Massa and Maria Rosaria Masullo (EZHI#: INFN, AFH])
o HBA: Sy

o . https://accelconf.web.cern.ch/p91/PDF/PAC1991 0789.PDF

BRI SO P R S e TS, 2 AP, DT B2 B A BEL
TEBRBATER . MERY K4 ST LS B B o 0 AL PR R B S s
iHAsH (FFT).

3.3 TUHEREAIH A

o TR FENTESSUETHUEL, A R SR RIS BRI ek
RS — R . IXRHESCHET M. Sands 55 1. Rees [1] 195550773, %
R R Fig. | PR E A A0SR, HLA s R A4 I e B

in

T omt
— — . Network
[L e /—-:—— Vi o withest gep etwor
S . R R a l)
30t ]
.‘.

RF- in |
P
‘ L |‘z | 1 r Pphase ref.
s00 e Sweep - generator
- z :: 2, -
S~ S S S ) - Hp 83508
(g ] .01-2.4 GHz
I
printer
Hp 9000/300
computer nai’
Figure 1- Schematic diagram of experimental set-up: Figure 2 - The layout of the set-up used for the
a) reference pipe; b) test structure. measuremen.


https://accelconf.web.cern.ch/p91/PDF/PAC1991_0789.PDF

HARJFEH N XT Fig. 1 25 H0L, BUBIST 2, e/, it o), 0
A AR R RIS Pk RE T FR

+oo
Uy = / Zpi3(t)dt

MRS Fig. 1 HRYRE O BOX RIS A/ N ] ia(t) = i1 (1) +Ad,
Hrf, Au <Ciy, MIATLAR S B IRS BR P RE RHR R

+oo +oo
Uy = / Zpi(t)dt + / 2741 (1) Atdt

o — 00

ERPEAIRE ST By R AR EEE R AR, A

+oo
U:q/ Wil () dt
&l g
Wi(t) = =225 Ai(t)
q

TP R eR AU B A6, A5 2IBHBT A
Z(w)(w) = =271 [} (w) — I(w)]

I R ATAL AT LG I 0(w) (555 S FHBER) S1o ZEOG V., RIAE
S12 — Siy

Z((JJ) = QZL S{gf
3.4 HY

HARSLIG B 2% L Fig. 2, IWAE.

25 3Rk

[1] M. Sands and J. Rees, A bench measurement of the energy loss of a stored beam
to a cavity, SLAC-PEP-NOTE-95 (1974) https://digital.library.unt.edu/ark:
/67531/metadc880230/m2/1/high res_d/878797.pdf


https://digital.library.unt.edu/ark:/67531/metadc880230/m2/1/high_res_d/878797.pdf
https://digital.library.unt.edu/ark:/67531/metadc880230/m2/1/high_res_d/878797.pdf
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4 FIH 90° mikEbE ™ A kA X G2 [NIMA 341]
Generation of femtosecond X-rays by 90° Thomson scattering
4.1 FEARER
o 3 [FEEESTS B ETROE
« {#%: K.-J. Kim, S. Chattopadhyay, and C.V. Shank (FZ##y: LBL)
o BAU: WP

5% https://www.sciencedirect.com/science/article/abs/pii/0168900294903808

4.2 %

RIS SR P2 WA X 2T 5, A — Bk ] e HOL -5 A 90°
(O RE S 7 AT, IX R FR Thomson HU e A FEL—7 SO r) ] ERgA T RSF /)N,
Thomson HUSH A WIMEE X HF2eiitag i 7 AR MRt 8k, ARIFEROLRT
B TSRS T R AT AR X SRS . R IR Thomson B 59
i RO . BT B AT KB AT WOEROE SR R TR, BB R 1A,
300 fs [AF X B4k, G148 10% 3558 PG 7502 10°,

4.3 TIRREBIHT A

o GUIFTRG REEIT A Fig. Lo K] IOEHOL S R E4H - R4 T Thom-
son AT, PR THRATHET MY X 42E. 5 Thomson FHUNZEML, 7R
FEATHWAC oc 1/4%0 Z254E T, Thomson F U 7 A RS A ki K EELY D FEF
AR NSO R (2, X7 SRR X 2
kit

o DMk IXREIE SR i EE RS S AE Fig. 1 Z8#)°F, Thomson HUN ™4[
X GIEHEN e, SR PR e EEE, U RS NSOt 2 4
Fon. KEMBERRER, M KA TRFEAGROY )G, FNHTHRFRSE
B T ERESEFECT IS

A\ 1
An = 113n.J A\, —
A (024 02) (02 + 03 + 02 + 0F)

B WO ST 1R Thomson 1584 (Thomson backscattering).

10


https://www.sciencedirect.com/science/article/abs/pii/0168900294903808

Beam

]
!
!
Envelopes - |
\ !
I
i l‘ Electron Pulse
Sl \ Ir .
e ! 1 =TT
Electron 7
F
B 0722 v g
,,,,, T T ——
— ! e T T
I ! S~
! |
A
Laser Pulse
poh
[
A
!
] 1
] 1
Femtosecond
Laser Beam

Fig. 1. A schematic illustration of 90° Thomson scattering.
Hrr, T oioehketaes (A2 EH) A5 o BLpm it

NI Table 1,2,3 25 ARG 7RG ASTROCS R AR X HESH.

Table 1

Electron beam

Energy 32 MeV (y =63)
RMS pulse length (o) 3ps

Charge /pulse 1.6 nC
Normalized rms emittance 5 mm mrad
Focussed transverse rms width (e,) 50 pm

Table 2

Laser beam

Wavelength (A, ) 8000 A

Energy /pulse 0.2]

RMS pulse length (o /¢) 170 fs
Focussed transverse rms width () 50 pm

Power density (dP /d A) 3x 10" W/m?
Table 3

Generated X-ray beam

Wavelength (A;) 1A

RMS pulse length (o) 300 fs
Number of photons (AA /A =0.1) 2.7x10°
Collection angle (26) 2X 5 mrad

Ve S 2 A T IR (AR B

11
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5 PEP 5 PETRA HRFAREH M [NIMA 221]
Single beam stability in PEP and PETRA
5.1 FEARMFE
o 33 ZHRFIIF
« YE#%: R.H. Siemann (Cornell University)
o B EEAGU

#5F% https://www.sciencedirect.com/science/article/abs/pii/0167508784900012

5.2 %

R FVE SO T AU T BEARAUDTSE PEP 5 PETRA FL- [ 25 i & ik /7 2R
HY BRI AR E T o B NSO SR>~ et =S RIS sh S5 HET RE IERIES
BOTEREINREY) (wakefield)o AEALL LS R GG B ) —L4pAE, FF HLR{E
RS EER 2. BT HENMASEAENTEG T Bost il AAGE ., R
PRAUAZ AT LA SR 3P T A ) SR AT RGUE P P o

5.3  TTRRERAIHT
o BIFTR: XRIRSCE B IR TR TR UL BRESACURT TAE, 344 TR
B B~ 2SS s R S EE AR TAR— P RIFT AR
ARV 100 A i 1 £ 0 A R FB 20 ) Hermite 223000, SRERHRITHY R AL
(GRAL B ANE BT Hermite Z2INA0REE) SRR RO EHGRAERERIE

o TR BKFYNIBE IFEA

tm(n) =t,(n —1) + %izoem(n)
en(n) —em(n— 1) — QZO en(n —1) — QT—CT%(n S 1) = U {1 = cos [wetn(n — 1)]}

. T
— U sin [wygt (1 — 1)] sin ¢ + 2001/ — P(n) + V.E(n — 1)
Te

Hr,

VEn -1 =Von—1)+z,n—1D)VEin —1) + yn(n — 1)V¥(n —1)

PRI 2 Fon @ 5 yo MIAAIRLL t R

12
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Table

R, WA VO AESETL. HE, U a BRI ALK FER R VIV Tk N RE
ZWEHS, AIREH L synchrobetatron jﬂ\:j’)fzgo

LA ACIp e PR v S

(1) = (M [ ()] 20 — 1) + Myg [en(n)] 2 (n — 1)} <1 - 3)

2P0 () 4 M e ) D),

) = {0 e ()] 2 = 1)+ Vs )] 2 = 1} (1 - 22)
2E. Ty Wy (n—1)
B, Sin(n) + Mag [€5(n)] B

Hrr, m /2 particle index, n /& revolution number, JIXLE75FE0L RE (R EAN
M/ R, FERAS RE IEIRIE, BEER, RERENEREER. PAETT
FEFRYFF5 € X275 T 1A Table 1o

1

Definitions of symbols used in egs. (1) and (3).

Symbol Definition

deviation from the zero current phase stable time *
deviation from energy equilibrium

a momentum compaction
T, beam revolution period
E, beam energy
7, radiation damping time for energy oscillations
™ Robinson damping time
) . A
€ mean energy displacement ] Z <,,,J
m=1
Uy average synchrotron radiation energy loss per turn
U peak energy gain from rf
Wp angular frequency of the rf
b, zero current synchronous phase angle [ = cos Y, /0
a, natural energy spread of the beam
PR, S, Gaussian distributed random numbers with mean = 0 and rms =1
vl longitudinal wakefield
X s Vm betatron oscillation coordinates >
X s Y slopes of betatron oscillation coordinates "
M. ..., My, the elements of the 2 x 2 transfer matrix (there are separate matrices for horizontal and vertical)
L radiation damping times for betatron oscillations
E E, natural emittances of the beam
B.. B, betatron oscillation amplitude functions at the rf cavities
W, W) transverse wakefields

* These quantities are defined at the beginning of the rf cavity.
® Throughout x denotes horizontal, y denotes vertical and z is used to denote either.

B, AR LAE DT R RO R R ORI R R IK, IR UV R — R G T

WERL XHEE Ve REEEES. MESDh Wi

13



Pio SR A 534 B 15 0 9341 B35 43 LA Hermite 2230 A0F
—(t— 12\ K _7

P(t) = exp ((t—f)> ZalHel <t t)
p(t)x(t)—exp< t_f) )Zbl el( )

Horn, FBR A SE R A Al AR A b 7808 (histogram) F ¢ ARARGE]

IEN S N GNP N S

1 0L to — 1
“e 2nllo(n )M ZHel ( o(n)
1 oY [
"= ot )MZ%H“ < a(n) )

1 oY ton — 1
4= Vamlo(n )leymHe’ ( a(n) )
Hrp, By 2H—FRE

wh i Bl LRI R B . A
L

Vi = > (@i (= ) + (@b + ync) Vi (= 1)
=0
L

L
= oWi(tw—1), and WY => aWi(tn —1)
=0 =0
U, R LAE RS LA Hermite 20 AR IKHIREINR B IAE H, HiZIE
Section 3 NZ¥. JXEEHIE"HIREINIA 44T look-up table, Xt AR AR
o S5AREB 1.

X N2, A ERA KRS (wakefield) f1 BCI Bt 23, #
Mg DBCI #2152, iFHFIA A CST i #15%]. PEP A& 8 FiA

SRR, R s X AMUR AT R RIS AT AR 2 B R, B, X R SR 4% B A B R
Y.

14



FURCTRY RE IR, IEALSER A, AR BRI InE -y, —EfReE b
FIFH T S48 /UL (smooth approximation). @45l I RUTATIR 3 A4 A7
KER, ZFFIZE L Fig. 2. TR, XENEBY AR, (CFEHRRAN
2, BRI SR

5.4 HE

RIS T AR RS MR B, YEoN%R], al EadBue SCE R B =
EE A, TR BRI R 2

15



NIMA i SR ZERH
H i 2022/9/6

6 JT SPEAR [F]z5finid &% 2 B R H hE it AU [NIMA 203]
Computer simulation of bunch lengthening in SPEAR

6.1 FAMFER
C g% ERTHY
o fE#: R. Siemann (Cornell University)
o AL MU, BUERH

o E¥Z:https://www.sciencedirect.com/science/article/abs/pii/0167508782906081

6.2

X1 OEET SPEAR HI&SEU N TRyt AU IR AL, 118 T AR
ARG FE R A Fi . SPEAR B4 Fr A Stanford Positron Electron Accelerating
Ring, 1972 @ pia T, A SLAC — 3 GeV fif 3. fEIH @ as B¢ T HAK 9 E
MR A - 1974 FF R I/ R 1976 F R 7 kit

6.3 TERREAIHT A

o QPFTRG RRIESCTAERT LMY E— RS TAEM AT TR, (% R zh 115
I EAE AR H B e — g B TR . XD TENCET AE, ¥
ARG 0] A it 125 v S0 o9 AT B 53 FH Hermite 230 @I, S8 514 EITH) R 4K
(FAEW B [EPT Hermite 2 HRRE) STl B XXMM T 50T
17 (exponential average) 715, H( E; = 0.006.

o sk BT EJAETHCEIR T RER RS & T RE R Z BRI R . HBE
T W P SR P RS R 2 P T IR U PR S, Bk mimb 2
FHRIENN oc 1/ R4 T IRME TR . SRR IR A& R AU S5 SR Sk
TRBAMERER, HIA N RN FE

6.4

¥

M

)

R TR SR ME NI 58 TAL IR R 25 >) . R R ECS BT AT DLE B A
Fig. 1 . 1bsh, S Rapr B Rt gt

®3

SZIESA T 1000 A7y R AE—A>HH o
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