ik B RAH S FEAFIE L5 (2022 F 11 A)

TR AT IR K, FRATIUA [F i B AR s g 4 ) AR e M 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
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IBehavior of synchrotron motion in a storage-ring lasel{ 10
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k}ain and saturation in free-electron laser oscillators{ 12

1 Fh PO 4 % s 00 25 5 PRI — D MBS [NIMIA. 407]

|A simple theory of gain and saturation in FEL oscillatorsl 15

7L PUAR B2 1 22 ) LA 808 [NIMA. 557]

bpace-charge effects in twisted quadrupole4 19

WL RE B 00 S SO0 R RS A A R S B MR 4 [PRAB 21-01]

IExact cancellation of emittance growth due to coupled transverse dynamicsl

hn solenoids and rf couplersl 24
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Average and statistical property of coherent radiation from

steady-state microbunching

1.1 EAREE

335 RS S B B0

{E#& X.J. Deng, Y. Zhang, Z.L. Pan, Z.Z. Li, J.H. Bian, C.-Y. Tsai, R.K. Li, A.W.
Chao, W.H. Huang and C.X. Tang (FEAHH#: JFEKY, bE)

Vil

e

b

s
R

1.2 f%

A HOR M BT SR A (steady-state microbunching, SSMB) HLil i 77
POCIRRIBT IS BEROEIREE & T RERACRIA R T4 . SRS ESRE, iR
SPOEIREA B P T A SRR . SRS BT LA THz JE(f 25 X ST xXfh
BIDERER AL 7R ar s TRk S T A (s RIS RIBOR) —
BT A R

R IE SRR SR RS S R S B P S Gt R E . IR T ARSI AL
i, R AR AR R 1A GIERACRK 3 nm B, REAS)™ 42 1 kW JELE
P TR S ANEST o WL TG, XIS SCE IAMEAEARIA - (transverse form
factor), JHREEAERIATA A1 A7 BRI AT X AT A AR M o SR 18 SR A R P18 1 A X 4
R STAE A R IHh, X SCTE 7RSI RS R B AR
it AR . FTRER TR BB MR A . 5350, ITIE 1T EET IR AT
VRO AR 7 A FH o

1.3 TTRRERAIHT A

o TUHR: XRIEICIIA GRS XS SSMB A EM e, 5 L45 f 7[R 2D HE G i A7
PRV A LB B . 18 SO IE S8 SSMB JEASHY HL - ARBCR IR 08T, S —
JRHRH A, B h& —AENIMEERIAT, 25 IR () KPS0 e PRSI, G



FRAPREPE (BRI ARSI gk JETEIESE) B AR R T
M- 5K 2 A 52 M o

BT RSSO — B A, Al R A R A AT R AR SRR
W
dwdS)

XA HR A, HRRAIPREL A R

0 in 6 si
Apeorn = Ne/ / / Apoint (Q,gp,t+ xsin 6 cos p + y sin 6 sin N ﬂi) ooy 2)ddyd:
—o0 —00 &

(0, 0,w) = 2|A(0, ¢, w)|?

C

AL, B P P SR AT ) PR ST A0 0 PT ASREBC A
W
dwdS)

2

= N2b(6, g, w)P L

(0, ,w)

beam point

RS ] Lo BRI 152 FRATRE RE FEXTIURIER] (0, 00) B0
fF8l. BT RN G TR A, 2% [1] —459 §7.3.4 (p.676).

R TR RS AR SRR R I, XS0 A [ S0
AR AT (form factor), &

b(0, o, w) = bL(0,p,w) X b.(w)

D[ [

b.(w) —/ p(z)e “redz
Hrr, g R BRI HER A+

y —zw a:san <p+y5m95m4p)

dxdy

SRS DA TR S A PR AT LS i g
FF(w) = FF (w)FF.(w)

Jy sin6dd [} di bL(0, 0, 0)* L0, 0,0)|
FFJ'(W) - s 2m 2 =
Jo sin0db [T dphe (9, o, w)

dwdQ

point

R, R RE Al T LA

aw
dw

dw

:NeZFFJ_( )FF( )dw

beam point



(BOSE LT R AR L DT I
YU [ DR IR - T AR AT O 55 Rcn R IR K
N(w)

FFL(H7UL7W):M

TR RE ORI R AT, FEBI AR A A0k i oA

43 ?E‘uﬁ%ﬁ%%i%@i Egs.(24, 25). FF FEH—HZE S (01, Ly,w) =
e = The {936 AN R Figure 3o WA HATR TR R ST R 8

4% = 2Num  La
£ FF, WATH. {EHEELTY, A
1,5 <« 1, below diffraction limit

FFE (S) =
1(S) { 55,5 > 1, above diffraction limit.

1077

10'1 L

FF (5]

Figure 3
The universal function FF | (S) and its asymptotic value above diffraction limit.
The solid line comes from Eq. (27), the dashed line from the asymptotic relation

above diffraction limit Eq. (29).
N TR FEL EIE, IXREIESURR 2R RS S E w = Hwo [

i, JFH S <1, WEER FFLA
FFL(H,o1,w) ~ e VmS(H-5) pp ()

e KEEROUR . MARER PP A ET

T Figure 4 25 H RN EN I ¥ a4
FF (H o ,w) = % SRR, 187 Section 3 J52#8 Section 4 1118 71

PHYARSAT IR SR PR DL



—Numericai integration —Numerical integration
—Analytical formula —Analytical formula

0 0.5 1 0 0.5 1
W/LIJ() LJ/W[]

Figure 4

The comparison of the transverse form factor, between that calculated from our
simplified analytical formula Eq. (30) and that from the direct numerical inte-
gration of Eq. (12) for the case of H = 1, with N, = 10 (left) and N, = 100
(right), respectively. Other related parameters used in the calculation: Ey = 400
MeV, Ao = 13.5nmm, Ay = 1lcm, K = 1.14,0; =5 pum.



% JETCIAER S R FE 7 JE R AT, AR DR s

Py, pear (kW] = 1183N, Hx[JJ|% 12| AJFF\(S) |b..i|?

ST A TR T3 P B A A e S AT Fh B (43) 25 0B (43)
HOYPBRR . % e TSR B BN (N, BN . TSRO R, AR
SITHEE N, 0K (quadratic) % K. 420 SIS (N, BOKRY), 47
SPRRIFIANIR S A/, RIS TIEME A N, — k% R,

VEREE], BT SSMB SR ERAH TSRS . (T RN T
AL

FOE . R IESCNHE AT B R AR A B AR, ot R S A W]
HI T2 P B MR . #5025 30 R 1A Figure 6.

o
b

o>

0_15....................,...................,......... 031. ......................................
—Theory f | Theory

— * Simulation —~0 25;-_ * Simulation

3 3

= 0.1 ‘

L

=

3,

:'%0.05

e

)
D —_ v A T S T — L = - - o]
0 1 2 3 4 5 0 5 10 15 20

Bunch length (nm) Bunch length (nm)
Figure 6

Fluctuation of 13.5 nm coherent radiation power v.s. bunch length with N, =
2.2 x 10*. The bunch is assumed to be Gaussian in the left and uniformly dis-

tributed in the right, and the theoretical fluctuation is calculated according to
Eq. (51), omitting the term O ( A%) For each parameters choice, 1 x 10° sim-
ulations are conducted to obtain the fluctuation.

XFFIE SN Section 6 36 T — AN SSMB. FRARS TR (19 48 565 H Bk e o
BEPES AT WEHER XL SR Egs.(7,11,16) i BT RS 2.
FEFARBOHER N, RESAFEIAE 13.5 nm FiL. 1 kW ~PAAREF IR M H .



3 1 I I 1 1
—o. =3 nm, o, =5 pm
—o. =3 nm, g, =10 pm
251 —g. =3 nm, o, = 20 pmy
- 2 i
=
o
215+
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=
1 [
05F
0 ;
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2]

1

1 1
0 0 0 0
- -1 -1 . 1 -1
. 1 ']
Figure 7

An example EUV SSMB radiation calculation with a microbunch length of
o, = 3 nm and different transverse sizes o | . The upper part shows the energy
spectrum. The total radiation power are 39 kW, 7 kW, 1.7 kW, corresponding to
o1 = 5,10,20 pm, respectively. The shaded area corresponds to wavelength
of 13.5+ 113[‘)3 nm. The bottom part shows spatial distribution of radiation energy
plotted in 3D view in the (x, ¥) space with x = ~f cos ¢,y = 8 sin . From
left toright: ¢ = 5,10, 20 pm. Parameters used for the calculation: Ey = 400
MeV, Iye = 1 A, A = 1064 nm, A; = % =135mm, A\, = 1cm, K = 1.14,

9
N, =179.
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2 fEAFIRE BT EOEHF 225 [Appl. Phys. 19]
Behavior of synchrotron motion in a storage-ring laser
2.1 EARFE
o 0K [FBHATS H B HEEOE
o {E#: D.A.G. Deacon (Stanford University)

o A HIR

BE

r\;._{_fg

¥%: https://link.springer.com/article/10.1007/BF00900545

2.2 ¥

XS e SRR TEER I THOGAT . AR K %
% (correlation Ny MR B AR S T N 515 B9 77 FREE X 7 ok 1 — B A P 3
TR SN TR 224 R, XIS e T % S 4%
.

2.3 TEkEAIHT A

o QIR U CAEIFRIE T AR E T RO R T 55 =2 — 4890 H)
Fokker-Planck . Boltzmann j%. Monte Carlo ¥, JGWE ANEEEERL, ZET
LM SRR . XSO, B4k ZVe i 2. ZIE T RRAA
A& B #EAR Fokker-Planck J5HE, /@0 B A A — B FRIZh 15 77 R

o stHk: KRTW IR FEL 3557, TR NMIR S 2R S, s 223
T LA — e . 502 L6 . M—a s RSB 5, SR TS
FE (momentum spectrum) f##E, KA LIS O8N 5 HE&BEEK) 247
“EER B AR A AR B AER . BOEHOA BRI [E E (instataneously
fixed) FUMELE . AR RGBT R R 7 B (piecewise) Jfblo

WO —ZE R s sl TR
Eno1=E,—G(E,)+ S (E,,0)+ Vsinkg,

¢n+1 - ¢n - 22-_;1E7’l+1

VI SORRIG A = MR I H A
BN PTAISEIRA LG, (RTINS AR R L

10


https://link.springer.com/article/10.1007/BF00900545

Hrp, G MREzasR %, S NI F . XHORHA], FEL XA RE B RO ] LA
LA — energy kick SEEHLEZ M.

22 VB S R AR B A L S SURHTRERICN 02 = B2 — B2, 02 = ¢ — ¢
5 o0l,=FE¢—E¢, A
N C? 20 % 2v(1 - C) 52 S?
| % =] -0 x@-x 20-x00-0) || o [+] &
Geo ~(1-07 x(1-x) -C-2x(1-0C) 52, G

S R HEIP A

— Y2 =AY*+V

An

LAENEh 2 R — O e . HAS A

(22)static - _A_IV
SERMEATLALL A ROSRFEEEFRIRITHF Lt &N, S5 SRS 21

3
22 = —A_IV -+ Z Clj (1 + )\])n Pj

Jj=1

3K A SCTRL B VR IS T 5 R T A R e . AT IR

2.4 H

KTHESE AN E B TROLRZ s R, AT Z% (L 2, Bl.

¥

25 3Rk

[1] A. Renieri, Storage ring operation of the free-electron laser: The amplifier, Il
Nuovo Cimento B volume 53, pages160-178 (1979). https://link.springer.com/
article/10.1007/BF02739308

[2] G. Dattoli and A. Renieri, Storage ring operation of the free-electron laser: The oscil-
lator, I Nuovo Cimento B volume 59, pages1-39 (1980). https://link.springer.
com/article/10.1007/BF02739044

[3] G. Dattoli, A. Renieri, and G. Voykov, Storage-ring free-electron-laser amplifiers and
the microwave instability, Phys. Rev. E 55, 2056 (1997). https://journals.aps.
org/pre/abstract/10.1103/PhysRevE.55.2056

11


https://link.springer.com/article/10.1007/BF02739308
https://link.springer.com/article/10.1007/BF02739308
https://link.springer.com/article/10.1007/BF02739044
https://link.springer.com/article/10.1007/BF02739044
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.55.2056
https://journals.aps.org/pre/abstract/10.1103/PhysRevE.55.2056

PRE i SR ZERH
H i 2022/11/3

3 HHBFHORG S G 5N [PRE 55

Gain and saturation in free-electron laser oscillators

3.1 EARfFE
o 3 FPAESTS H R TREOL

o {E#: Vinit Kumar and Srinivas Krishnagopal (Centre for Advanced Technology,

o KA FL

o 4f¥%: https://journals.aps.org/pre/abstract/10.1103/PhysRevE.55.1887

XIS A 2T H T HOEIR % (free electron laser oscillator, FELO) # %3
WELRTHE, B aE. KGN (), B HBEFROIRG S AER). SHT
AR S (detuning parameter) 5% (intensity) BECC RGBT, 1)
G = G(a, €})o XRWICHE—2444 Dattoli 5 A G(I) S bIpHE, a4
W, Wl =25 B EDPE. HE)H M 2 KA (generalized gain function) 203, &M T
KIG T BRI MHIE DL

YCGHEGRE, RAEMIE R SR A (o > 2.6) JTAWE. o, 5LARERN
ZERAE, AAFIERVMEOLT . BEECEIN, Maid i R (B2, HIEEBORRT
FEE LN, W RELER —VEH, R T S g fE R AT 90 FEL IXRIEC
RIE M AR EINEER SRARI LR AL, 2] —8Ei R,

3.3 TUHEREAIH A

o @IF: M Colson f9—4 FEL J7 R4l &, FIFIBHETT, MHRTFHA . 3
o BBEN G RITEENE, MM s mEot o 5 & kR,
G = Gla,e2). #. KRR G = Gla,e) Fi—44", 5T Dattoli %A
SRS RER, TR =S BEIRR. 1R F L.

SHTRASAEN T X R, Wi REURITE &5 N E.
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piik: M Colson f—#E FEL figdH i A&

Z—'l; = —¢psiney (1)
d
ey &)
d
—£ = ju(siny) (3)

FHREE . RARSCER R IT ZE fr
W= o + €pfi +6%,u2 +ei,u3 + 6%#4 + e“z,u5 + -

Y =1+ e+ 1o + €1bs + € by + € by + - (4)
dG B dGy dG, 5 dGo 3 dG3 4 dGy
dr  dr +€Ld7 Tl dr +€Ld7‘ ELdT

X AANLAE [0, 2] YERINBCEY, 132

G (o, €1) = 2je [go(@) + €7, 92() + €7,94()] (5)
He,
(@) =1 * sinal
goler) = — cosa — o sina),
1 13 53 1 11
g2(a) = o [33 — (24 — ?CKQ) cosa — (9 — aQ) cos 2ar — <704 — §Oé3> sin o — 5@ sin 2ac| ,
_ 2 2 4
ga() = 3524011 [(200080 + 1728a%) — (76070 — 582960 — 288a*) cos a

— (107152 — 489600 4 576a") cos 2a
— (16858 — 41760%) cos 3o — (154033a — 7272a” + 36a°) sina
=

1228960 — 85680* ) sin 2cv — (13845a — 468’ ) sin 3a] .
(6)
HERTRL, BEECHIRIEE N, SRR e SR MR A ES . X T free-
running FELO, X450 S8R e -P Y65 HBUAIK (chirp), A5G B

1—671/13)

BORS T XA Dattoli SEARIZ RIS G = Golo ™) sy, 12
5

1 — exp [~ (az€f, + asey)]

2\ .
G (a, eL) = 2j.a9 5 1
Q€7 + Q4€]




HEE, XHEY Dattoli ARy L AEAHIT R, AR B EUERIIL,
UG-

3'4 /\'_E:
VENR R, XS8R TR 25 FELO, @G EE LA gh[a % &
6%,nJrl = Ei,n + [G (Oé, Ei,n) - g] ei,n (9)

Hrpr, ¢ NIEG e fiFE (round-trip loss). IXHRYIZ MIEN (intracavity) 3.

ORI Section TV 18 T 4R S HGREAFELE L, 415 HALARTE . Section V 1524
4L FELO 5280 Hoe, f95]—8ess B, Section VI AL T (EH24H55 T, Madey
FHERTE Mo, AT E S AR TR

XIS e f2 coasting/unbunched beam X I %45 704 o X prebunched
beam, SETAEGHE X EVER, HISHKE.
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A simple theory of gain and saturation in FEL oscillators

4.1 EARFER

533 [FPEESTS B TR0

{E#%: Vinit Kumar and Srinivas Krishnagopal (Centre for Advanced Technology,
EIE)

$: I

HE4% https://www.sciencedirect.com/science/article/abs/pii/S0168900297013727

4.2 HH%E

XSS S, EET Maxwell-Lorentz J5FE, 2556 T H i FEOGTR
es (free electron laser oscillator, FELO) ¥E5 AUHIS1T8E . il 2 /i TAE, ot s
T inhomogeneous broadening ?&E@o SHAE L AREES T EIEZSE (detuning
parameter). Y3758 E (intensity)s SREFUI KR RAVMATTEZ, Bl G = G(a, €2, 04)-

4.3 TR EBIHTA

o BIFTRG R SUREAFE N LR TAE (L], EEFUMIE T AREA IREERIAL
[0 ACFETT AN G T AR R A RERL T AT EA TG, B grand gain function

0o . 2
G (ao,éi,aa) _\/%a / G (a,si) exp [—%l da, (10)

bt e oA o T AR 2T T SRR 30, H goz.a MR Dattoli S N, B NI
) hoza JE3e

o TUEk: MHIET [L], XRILICE go24 HHUEMIE hoos Z G
hi(a) = a;exp (—=b;o®) sin (o), i =0,2,4 (11)

Hrf a9 = 0.0833,b9 = 0.025, ¢ = 0.5, a2 = —0.000953, by = 0.0488, c2 = 0.859, ay =
0.0000117,b4 = 0.07315, ¢4 = 1.22,

SR, HBRAEE. K GTER .
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Gk h WA, MR R UG, ARAN =25, SEPA. #
JHY S 5 R EOP

1 —exp [ (noe} + mue})] (12)

G a,e2,0,) =2j
(021, 0a) = Zin 1T, + ey,

s ~
no (o, 04) = ho (@0, 04)
hg (Oé,Oa)
o (a, 0,) = —2=
(o) = ) (13)
oo) = 4 |hy(a,00)| l~z4 (v, 04)
a (@ 0a) 3 [ho (a, aa)] [ho (a, O’a)]

ZIEAIRRERITE O, 2tk BE RERU AN TR, AT RN MR DL 2 W .
PR, AT BRAEROS TR AN D)3 B S IR AR X BB A T &

25 3Rk

[1] Vinit Kumar and Srinivas Krishnagopal, Gain and saturation in free-electron

laser oscillators, Phys. Rev. E 55, 1887 (1997). https://journals.aps.org/pre/
abstract/10.1103/PhysRevE.55. 1887
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Gain (%)

| oy =06%

G-JY = 0_8%}
0 : I
0 25 50 &
@) Intensity
8 ' ‘
7
6
5
- GJ’Y =0.4%
g 4
£
(2]
(U]
3
()"/'f =0.6%
o [
U}]’f = 0.B°/o
T -
0 ' ]
| 5k 50 75
) Intensity

Fig. 1. Plots of the total gain as a function of the (dimension-
less) optical intensity &f for different energy spreads (a./y), (a) for
o = 2.6, and (b) for o = 4.2. Solid lines are the analytic curves
and the dotted lines are the simulation curves. The analytic
curves are obtained from Eq. (7)
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100 L

cyjy =0.2%

Uﬁ =0.4%

Saturated intensity
S
T

1 , b b i
1 2 3 4 5

Detuning parameter (ct)

Fig. 3. Plot of the (dimensionless) saturated intensity &, in an
FEL oscillator as a function of the detuning parameter o for two
different values of the relative energy-spread, o,/y = 0.2% and
0.4%, respectively. Solid lines are the analytic curves and the
dotted lines are the simulation curves. The analytic curves cor-
respond to the solution of Eq. (9).

18



NIMA i SRR ZR
H i 2022/11/5

5 LI DR R4 7S B IS [NIMA 557)
Space-charge effects in twisted quadrupoles

5.1 FHARFE

35 2Rl

{E# : Dragan Toprek (VINCA Institute of Nuclear Sciences, ZE/RZENN)
B FE . BUERT

HE% https://www.sciencedirect.com/science/article/abs/pii/S0168900205022412

5.2 %

R S ARHT RO, 24t R I AT R, B ALl (twisted)
PR A B 2B R e X R 5] . WM, 18 T A I AT
I DU SR IR . DS S e

5.3 TTRREAIHT A

o FHL: OB SCIERE TEEIAE S 10 &V 15 25 keVE, REIEFIHEN T, e
VUG SRS 122 T e 4005 AR 1A 25 ] FL A 5 T 1

SC _ 47

E T 4mepry? Ua(a—l—b) rT<a
SC _ 41

E T dmepny? vb(aer)y’ Y <b

25 R T 23 ) FELAe 3 Y DU AR B a2 LT A R AR P

1 lg 0 0
—Kg 1 0 0

M~ =
“ 0 0 1 (
0 0 Kylg 1
i dqT
K,=K— q =K - AK,
dregmuia(a + b)
dqI
K,=K d = K + AK,

Y * 4regmuib(a + b)

SEr IFRET A 0.938 GeV.,
65@}%?“] = ’Y ~ 1
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K {jy‘fﬁ% for electric quadrupole
9B ;
P for magnetic quadrupole

JEEGREMEE 2, A

4 5—;’ (9151 - %) % 5—,? (Cz - 01)
T 9g C 0 51
. 7 1 1 1 i
a1 gr \1 2 2 gt g1 — 9202
So T
| 0 o Ir 0272 Co |

\
/|
+

N 1 .
K= L—Q\/—Kx+Ky+KxKyLQ
_ [ Lp\?>
g—K(7) . 1=v1+g, g=+1-g
L L
S| = sin (WL—(sgl) , Sy =sin (’N'L—fjgg)
L L
Cy = cos <7TL—(§91) , Oy =cos (WL—392>

IAREIEEH] o JEFE, & 30N

O'(Z) _ ( Ozz Ogxy )
Oyz  Oyy
X SCAMEA T, 25 HARYE Ref. [1] HUZEER, A4HHdh PUB R4 Hh I A0 ) o HE R
5 2E0V A

JELR g2 L B g2 0 2k A2
o(2) = R (Q) 0 I L (—k—z
2 0 BEAY AAR+E=EAR 0 2
28 A7 0 0 4A2

T AT LA AR AT () Twiss 2488, AL,

RXRIRSCER i ARUETT A, SIE AR Hssh R -

4
= 2E {[x — kxz'y] cos kz
Tz
N ql 1
- k
N y+2(x y) | sinkz +7reom’y3v§a(a+b)x
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— — k ! k
y 2 {—ly + kzyy'] cos kz
ko, 5 n | . ql 1
— — k
LR (" —9") o/ | sinhz p + meomy3v3 b(a + b)y
1 12 /2 / / k2 2 2
Ti == qGu |2” =y + 2k 2y +2y) — 5 (2" =)
2

x coskz — 2qGg | 2"y — k (v’ — yy') — 5Ty sin kz

k
?+yt+ = (22 = y°) (zy + 2'y)

+qGg 5

q
e
x sin’ kz + [2* + y® — kay (z2’ — yy')] cos® kz

k; / / / /
+ |5 (2 =9°) (22" = yy) = kay (22’ = yy)

X sin kz cos kz}

R IE SR =B 25 -, 2175 g 10 eV 55 25 keV N[RIHEHE R By 2R
AL i P AR R B9 3 ) 2 A R

5.0 I 1 I
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Fig. 1. Rays trace (thin full line) in the horizontal (upper part) and the vertical (lower part) of 10eV proton beam (beam current / is zero) through the
beam line segment consisting of two drift lengths separated by the electric twisted quadrupole. The thick lines presented the beam envelope for different
values of the beam current I. The markers are explained in the text.
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beam line segment consisting of two drift lengths separated by the electric twisted quadrupole. The thick lines presented the beam envelope for different
values of the beam current J. The markers are explained in the text.
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the analytic model and numerical simulations shown in Fig. 6.
The beam energy is 6 MeV.
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FIG. 6. Comparison of the transverse coupled emittance for a q;sq,,, configuration as a function of the quad-corrector rotation angle
as computed by Eq. (23) (left) and a numerical simulation (right). The configuration and parameters are given in Fig. 5. The emittance
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FIG. 10. The correction quadrupole rotation angle (dashed line)
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high-power coupler of a SRF linac. The corrector rotation angle is
discontinuous near the coupler phase of ~125 degrf where the
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stay within its principal value range of —45° and 45°.
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