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1.1

Anomalous skin effect and resistive wall heating

2 YN EPS)

5 B HbHE
{E#: Weiren Chou (FNAL) and Francesco Ruggiero (CERN)
VIR L SN e |

5H%: https://cds.cern.ch/record/691905/files/project-note-2.pdf

XS SO R SO AR, (anomalous skin effect, ASE) 5 H- S 2 HRH

BEVIUN (918 3L, BT Y0 SRHEL (SSC) Bt 4B & BE (U 19 /0 B SL 30 5y
B TRIFIAG S

1.3

TR R A7
Tk X FHAIALRT (normal skin effect, NSE), HEMEEA 6 = /22, %Ki
B Ry = £ = /T8, bR, RS H TS R F e

H
Ry = Ry (14 1.157a7 %), for a >3

3/A\> 3 ) s V3 2\ °
a=3 (5) = qWho(pA) P, Reo = (EP)\ (wto)

HYEIHHAY Los Alamos SLIg il LA n 275 T /& Fig. 1,

BRI O ML B A B R0 G R o T Rk
AT, HAAT A
I? c?

P = M_fo ¥A )\Z(W)Rwan (w)dw

L 12, [* 0:\2 o
_ﬁMfo/o exp{— (?) w }~Rs(w)dw

3



https://cds.cern.ch/record/691905/files/project-note-2.pdf

a) Ry [mQ)] b) 1/R, [L/m)]

L]
6 1
5 0.8
4
. 0.6
3 -
————— 0.4
2 y -
g 0.2
1 7 -
Z
20000 40000 60000 80000 100000
1 2 3 1 5 6 7
w/2m [GHz] l/yﬂ5[ﬁlnﬂ_l/ﬂ

Figure 1: (a) Surface resistance in m): measured (dots) anomalous (solid line)
and classical (dashed line) for copper at 4° K (RRR = 61) versus the frequency
[ =w/2m in GHz. (b) Inverse of the surface resistance in mQ: anomalous (solid
line) and classical (dashed line) for copper at 1 GHz versus the inverse of the
square root of the resistivity p in Qm.
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2 JEZtksh RGP R R [PRL 132]
Folding State within a Hysteresis Loop: Hidden Multistabil-
ity in Nonlinear Physical Systems

2.1 FEAER

- K HE

{EZ : Meng-Xia Bi, Huawei Fan, Xiao-Hong Yan, and Ying-Cheng Lai (ZEZA[ A4
PUL BRI )

S P D

%4%: https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.132.137201

DU N B H 5 A5 L Ehttps: //mp.weixin.qq. com/s/WEKB2PAFSDtVVgBmaACo8Q.

2.2 fHHE

MASAMIREIE P 2R AR LN R AU P il AR, AUER B 2R i, &
TRBE T W AN 7 E 2w R AERF TSRS M B R, 2T
FEET e . REOUFAEN M EUERIRES . SR, IXFHTHE rI REZE T — R A
2, SR IEAER S = e S S AT RENE . IR ARSI RS B IAAAE, 4
MRB A AR HL LI s TS, Rl R AR AL e 5B A A AT IRV B SE s, X
MRS AR AT BE 2 F TR 5 S AR I A o AEIXFMEOLT , A i PERE AT RE
SRFTIrdn, HZBTRES R KMETER SR b . FRATASEE ], BARATIE RS
BB RIS Pk A AERESEANE, AR A BN T T RS RI RS E PEAT ] SE 1 A REAR
AU ELE T H . ARSI AN Sl A AR B RGeS, AT N T 2t A7 S e it
LAFE 3 PG IR AR AS A RO XU o SV, FANTA RERI ER BT T RIM ) RS REAE A
MEZRINETRE s I EEHIAAT, WA TERE T MR s IR A A . XAMIUE
I =TI S g S B SV T v S S ER: SOM U 1

2.3 TEHREAIHT A

o BTG N TIRARE ARSI A RGP RIS, XSO DBt 17—
A ARZE T IURI E SRR T RIS RGE. I ARGAEXSAS A M Bl Lo [ T
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3 HFHAER R AT A LA SE [PRD 36]
Nonlinear saturation of the longitudinal modes of the coasting

beam in a storage-ring
3.1 EAFER
39 2R

: S.A. Bogacz and K.-Y. Ng (FEH|#): Fermilab)

=
L

o B TS, R

o HE¥E: https://journals.aps.org/prd/abstract/10.1103/PhysRevD.36.1538

3.2 ¥

TEMELANE Viasov JTREIAEZE T, XRIESCE T — DM E IR, T4
W7 SRR I HP TR S I Y AEZR IR (coasting beam) A SRARAFLE N XFHTESCH 7
FTHE T, X Viasov FFESAT IR MA” (non-perturbative analysis) #rabH, f#Fk
MIREME A 72 BAE T BECHY h PETAK Bl Y %25 5 7 5 A T I A AR 3R PR HE 1 455 J 90 A R ALY
I [E)YEE AL o

TR ARG, 2B E Oz TR, B GO R, (R SR
EARFRERARS) 127 o B P RYBMEAC I E7R ARG TR, (ANRT, RIETRERTE N,
WIS RIERLE , AREATEEAR AT R BRI T —MAUENLH . BT T, IXREIE
SOk overshoot BUGUIIHTAREME AR A iy 17— L

3.3 TEREAIHTA

o QIFTA: —REEAI N M FE LAl Viasov TR, IR OB NE X AIHE)
FIHRLRME X ], FCRWI GBI 5. AT HE TAE— Mok F L = 24
JBIT, Xk 306 Viasov R T IERL A (non-perturbative analysis) #r4bFE,
fEFRATREAZ A 5T FRAH A 1Y Bl PEPTAK B 1 5 7 A I I A AR BN H 3 40
A R EL AN TR)YEAL

o wtik: AT I Viasov TR

9, 0 .0
af(eﬁ,t) +w%f(e,9,t) +e&f(e,9t) =0
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é = —ewp Z Znhn ()™
n#0

1 o0
t) = ewoy, - /_OO deh, (e, t)

FIRZRTT, R &R, 5 RER
Fle.0,t) = fOlet) + Y ha(e,t)e

n0
AN LR
—fOGt—ewoZZ** e.t)=0
n0
: 0 0
ahn(e, t) +in (wo + ko€) hn(e, t) — ewoZn@l(t)&fo(e, t)
—ewp » an¢>nm(t)%hm(e, t)=0

m#0

RSN TG, EREATENT, fo WIMINZAS, Htln] LIRS by, Y
OO, A

1 = (ewp)

, NZ, 1 Z9%(e,t)
QWnko%/cdeae _fn
PR SRS, (EfAifk I, SeB AT, WEHE ¢° = 2r/NfO(e, t)
IR TR
0

27 0
57 Oe,t) — WewOQ Re [Z*(b*( )a€h(e,t)] =0

MR TR S S HERIZNEN Viasov TR G T RA Fr AN A o

NT RGOSR EZH TR S OO, & T AEED (moment), 5 LN
Gi(t) = /OO deg®(e, t)e"
Hi(t) = /00 deh(e, t)e*

TR, EdTrRER] LML N
0

aGO( ) = Go=1 (normalization)

0

&Gm(m% (ewo)’ 2Re [Z°H () Hyt ()] = 0, m > 1
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DO AR ) e Gl L A

IR [ 7 R R g
0

5 C1(t) + 2mewo o |Ho/N|*2Re(Z) =0

%Gg(t) + 471'6&)0]0 |H0/N|2 2Re (é-Z*) =0

2Gg(t) + 6mewolo |Ho/N|*2Re (€227) = 0

ot
fewOIO|Z|2) —0

0
—Gy(t) + 8mewoly |Hy/N|> 2 Re <§3Z* 2wk

ot

9
ot

ewolo|Z|?

2mnky (€772 + 261G () 4+ 38O Ga(t) + -+
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IRPEBHRAYE S, A(Y) e ~r e
0
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FIG. 3. Nonlinear Landau damping mechanism, single-
mode coupling. The growth rate is defined as G =Im(Q /w).
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H35: 2024/5/29 HRIMETA: SRR

4 L PeBEH IRt i AR G it 5E [NIMA 1010]

Dark current studies of an L-band normal conducting RF gun

4.1 FHAEFE
o I3 TR AR
e {E#: G.Shuetal. (:ZH#: DESY)
o B fE. S

o {ff%: https://doi.org/10.1016/j.nima.2021.165546

4.2 HE

BAT AR S S s N R L BU IR AR 558 B IR
LHET European XFEL(European X-ray Free-Electron Laser) 5 FLASH(Free-electron
LASer in Hamburg) #L#5. FE-H0 P78 A A IR FEIR AT RESs S8R 2 T SR [l Bilan
HEEN . HBSHH (superconducting radio frequencym, SRF) IE4 8 (quench) FI9 %
. R, WS R AR RG] 1 F-FAE A N i B S A M RERY T2 T

JEY o N R SN G = S R SN =W SIS Y AR RS E R Y i Tl e O US54
S5 AR L R Y TR) BRI B9 R A s AR AR R LT TR AR B 4 £ L LA S AN TR
FHAR AR KA ARG 0 T I I AR ey Lo 2R A o IR PRI ) R (] e SR 6 /2 BT PITZ
H1#4 (Photo Injector Test facility at DESY in Zeuthen) H1H L 3 BN B 01509 o
IR LEA AR eSS 180° Hif 5152 A R AR ], Z5REEH], IR 2RI T H
FAEHFLIB S LA IR CspTe il Sk, SIG TR B R —3.

4.3 BTRAIBIHT A

o GBI BT E A I ML R R AR AT, DU R R, A
BB, R ZORIE T e AL S I G R S s s X TR
SALLIEAT AT )N T AR LA G I RN, AR NG R R
FE T BAANAAR AN TR REXS I PR A 2 M, AR S 45 SR Al A BRI FEA o T S Y A
Il N R g R FE R o

o TUHR: XEIESCNIERERAE BRI A B ST T AT,
I T 25 ZXTHE R R o
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Fig. 2. Cross-sectional electric field distribution simulated by CST MWS, the cathode gradient is normalized to 60 MV/m which is the nominal working point at PITZ The electric
field is enhanced on the plug corner and copper backplane corner.

— WS NI Fig. 8 XfHLFAGH S5 DA T TR T IR B,
ZERR, REMS R TAE RN AR T T _E R AR5 H G HR £L .

— Emission from plug comer and
Emission from plug flat and : g " " Pe
Cu flat region =

100 — Emis: from plug fl; d
‘é- 80 - Cu flat n
E w — 490
E 120
= ;g i
0Ly T T g y
00 01 02 03 04 05 086 07 08
z(m)
100 —h 210
~ 80 4y = 20 Emission from middle iris
E 60 — g2
] 0= 300°
— 40 -
S e
o T T T T T T T J + T T T T T T T J
00 01 02 0 04 05 08 07 08 00 01 02 03 04 0s 06 07 08
z(m) z (m) (b)

Fig. 8. Emission trajectories at various gun phases simulated by ASTRA. (a) Gun solenoids are switched off. (b) Gun solenoids are switched on, main solenoid current is 370 A
(B, ey = 02143 T).
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Fig. 11. (a) Dark current imaging of Cs,Te plug # 678.1 in operation with I =480 A, (b) dark current imaging with the plug rotated by 180°, I =480 A. Several rotated
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Fig. 13. Surface electric field distributions, left: round copper hole, right: elliptical
copper hole.
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Fig. 15. (a) Surface electric field distribution in cathode vicinity. (b) Dark current transmission ratio of cathode vicinity at /., =370 A. The plug and copper hole with a round
corner were used in simulations.
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5 ESLPBET B R R S S AR B S [PRST-AB
18]
Dark current studies on a normal-conducting high-brightness
very-high-frequency electron gun operating in continuous wave

mode

5.1 FEAfFE

o 2K P TRER R

« fF&: R. Huang et al. (EZAHU: FPEFERS)
KA R BIS. SL5R

ES
o %7 http://dx.doi.org/10.1103/PhysRevSTAB.18.013401

5.2 %

X Fa 16 CER X LBNL(Lawrence Berkeley National Laboratory) F#8 Sl (very-high-
frequency, VHF) B 7HEH 4 B ECL S TR T A1 947 . VHF B4 —Ff
TARAE RIS (continuous wave, CW) 11T Y S IR 148 VHF 482 LBNL
) APEX 256 B (Advanced Photo-injector Experiment) & 0EME, BEFAHT
KT —HE P X eE T ROGRTEAG .

LA Y i LR RO T FI AL RO =y IR B B gy, 4 i e TARARCRS . =l
W RE 2 A KBRS -, IXEE R I I A e, TR is g ms
LR e I PR B N 2 S BN s 45 A AL A FR AT 55t S I IR IR R G Y 4
Pfir, e IR I A S A H B MR RERT AT SEIE o« RXRIR SO IR BET 1 R GEERI I
L BE T VHF 1R EU SRS B S, I A R SR oA i A il
APEX RIS IEAh, IXRIESCEN 7RI AERS , 25 7 — AR A RE R
B, NI RERS M ER— A RE R0 I R BUR T 2UR BT IR Y AR SCAE B o

5.3 TBTRERAIGIHT A

o QBT BERT R EORIE A fLi % 5 F-N A% (Fowler-Nordheim
formula) L&A DIREUR A B NMEZE G 6 5 A, (E; RS
T RE AT THEASTY s T I FEL I A AR R A 22 07 T 2 A AU P 3 P i i
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o vtik: PTE. SLRSHEIEEE G, XEEFHRRIET T ARGERIFTSS, FOR 2 R TH
BRHE T o
= F-N 23 WAXMMARERME, SHTERBAE. FiRaaite. &
LU ONIEE R 2L /A

1.54 x 1076 x 10%5207"° 4, 2 B2 < 6.53 x 109¢1~5)
exp | ———————] A
¢ BE

IFN =

Hrp,

« B NIRRT IR A S T ) FEL A B

* & MBI TR AL,

* Ao NARGEEA,

* B MR A 7 (local field enhancement factor)ﬂ, WG] B FAE
SEBREDL, N JE AR ZEADGE R, AR MR A Z Y
XA, X A ARG IR R BT

— MRV, PA_ERIE RBOFPRAE 218 1t — R B[R] SN0 EE 3 ) g FEA
FIH CLE? exp (—Co/E) #H C1, Co, FHF—iLuEma8]_EmgsH,

— WEHFORIEIE . T Fig. 4 MBSO ERIEGIA, Rl U iR
RS BT M T AN (PR ElAL) . iS5 ASTRA i FXTEE,
HEZAL I ALK 5 T A LAY 2

— B RERIRER T, T Fig. 6 226 1 PMfLn S mriatin ghis
ANFHARL T RIS . 1T A PO R AR A BRI R
FUa Ot R sl B s R B O R R (RIS A RIS FiR) 255 BT HL 748

~ BRI O SRR A GHENT 6 %R, T Fig 12 @5
THEH & SHMIAT 6 MAERRR, 1T SRAEEOR TS F5
SBRB AL PRI REE SO YA AE R 20 204 31 B 2
HEFTBLE, IXREAHL 5 S SBFAR R 5 (0.

— WERIRREE AT R PN 2k HESITRE TR FRRAVAE
. T Fig. 17 o 7 RERAERE A5 MRS LA, 88 R Bt A
SRS ST B

URE S AR AR A — R B = v/c iR
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Linear

FIG. 4. Left: image of the field emitters in the cathode area.
Right: the same image with the intensity plotted in logarithmic
scale shows the relative intensity of the peaks.
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FIG. 6. Single particle tracking (ASTRA) showing the range of radially oriented transverse momenta required for electrons to be
transmitted along the downstream beam line.
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FIG. 12. ¢ vs p plot from fitting the Fowler-Nordheim formula.
A measurement of the emitter work function would yield the field
enhancement due to the emitter shape and vice versa.
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FIG. 17. Least square fit of the measured single emitter energy
profile with the model of Eq. (13).
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FIG. 19. Beam losses vs circular collimator radius. The
collimator used in the simulation has a length of 20 cm and is
located inside solenoid 2. It can be seen that, with a radius of
~8.3 mm, no losses are generated in the 100 and 300 pC (and in
the 20 pC not shown in the figure), while ~90% of the dark
current is lost.

— kicker ¥#it. T Fig. 20  kicker FUMADREE UMb URER, H
H, kicker YR 0.5 MHz, JYEPRAY—2F, [Al kicker NI XS T4
SN, T AU R (186 MHz) RS IR £ R0, (6% kicker A LAEZ)
b3 28 K i FELAL o
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FIG. 20. Schematic diagram of resonant kicker: (a) resonant
kicker principle; (b) resonant kicker mode.
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In-Situ Observation of Dark Current Emission in a High Gra-

dient rf Photocathode Gun

6.1 FAFE
o K IHE IR R
o {E#: Jiahang Shao et al. (FEAHHM: HFEKE)
o AL S, PHIE

o %7 http://dx.doi.org/10.1103/PhysRevLlett.117.084801

e 5B G B AR A F AR AR R F P B ISR — RIS FER (dark current),
SRR T AR AR T, AR T A B R B T IO I R A SR AL Y
B, IXRIESCERX ITE AR 100 MV/m 1 L S BOSBARARAG L3 T 1 =
H (~ 100 pm) WEHEFRG L. EHM L, MR T o5 i 20Uk B X, XL
3o A v i P I FE AL e Ak, IR e SO 1 AR b &5 XS ) 5 38 5 A B
AR 7 285 (scanning electron microscopy, SEM) F1H YT Y (white light
interferometry, WLI) X FHAR R I TR A, 2527, FE2EHE IR 1) 58 5 80k
B DX AR TSR 22 X2 2 75% WG T

6.3 TTERAIAIHT A

o GUBTAL: R TR RGN RS BRI T4 G, LS 2
FASFR LA SR AP — MBI SRR & 5 SO AT XK AT Tt RS
SEM MLMZERATEE, 45 R EoR R 45 RS IR 4 1A 75% RYWI& .

o orEk: (EEE TR EINGER IR EUL S RO EEAR , AR T A RO WA R g
A[iNpriam TN
= F-N 23 WAKHBPRIAR HERE, EHTERAE e, Fisive. &8
S, AT aE AN

I 1.54 x 1076 x 10%52¢°°° A 32 F? 6.53 x 10%17Y
= ex B A
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Hrr, B Oy SMNERE AL AR i B A BRI, o AMPRIIYDIEREL, Ae AR
B, B o~ RS T (local field enhancement factor)ﬂ, HEI N B
FAELPRIGN, Han: IRREA SR, ALoSE; A Z 4
XA, X AR A RIS SR ST

— BRI ERE. M Fig. 1 NE BRI RE S A NS E, BT IRL
BN RERERYAL AT AR AR EEROR . TR IV ELAL AT LA ERE R
HORL 7, @i, rTEAACAFEMEE LR IE R T, AEOE R LRI
R AR RS, XM T BT R A K SRS R B4
N ZRELTITRE LA A A ) o

@) Mg Flattop Rounding Directional
4xp0.7mm 5 mm  R23 mm coupler
B =
Cu

m
Cc3 Cc2

R

YAG YAG & )
Collimator Mirror rf pickup

_Cathode
- plug

(b) Higher

energy

FIG. 1. The dark current imaging system at AWA. (a) The
designed cathode with a reference pattern and the beamline
layout: FC, Faraday Cup; C, vacuum Cross to house imag-
ing components which were mounted on retractable actua-
tors; F'S, Focusing Solenoid; IS, Imaging Solenoid; and YAG,
doped Yttrium Aluminum Garnet phosphor screen. Inset:
Top and side view of the novel shaped cathode with its sput-
tering pattern. (b) The equivalent optical imaging system.
Insets: ASTRA simulation results for the emission patterns
on the cathode, at the gun exit, and in the imaging plane.

— W X3 E . T Fig. 3 2on 1T A 0 KB A E452R o0l%s
OGSt LA IR R TG, W LS 21 & XK s i s R 1 8, &5
RN S EC ST I EA S B H.

A E S LA A — I B = v/c k.
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1E, (miV) x10°

FIG. 3. Field enhancement factor measurement by the dark
current imaging system. The white dashed circle indicates
the boundary of the YAG screen. (a) Dark current image
with the biggest aperture. White dashed squares (610 pm
x 610 pm on the cathode) indicate selected regions for the
measurement as shown in (b). A: strong emission area, B:
weak emission area, and C: background. A and B both locate
on the copper surface by the ex situ examination. (b) Fowler-
Nordheim plot. Spots and lines are the measured data and
linear fitting, respectively.

— BRI, T & Fig. 4 on 78 EUL T KB SR 85U S X X
SIS DR T A ARV I 95 B AT DO i b, A A — 1
HAERK RS Ae PUEIE5R A+ 8 Wi S0 /KL XIS EUR S
SR LA S I U T DY F i b o T R A R

(a) weak emitter (b)
(Ao Bo lo)
'y
weak emission area  |,_=Nl,

log;ola)
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(Asgr Bor lg) « (A By ly)
g

strong emission area lgpag=Nlgtly

By

FIG. 4. Comparison between strong and weak emission areas.
(a) Model of the strong and weak emission areas. (b) a of the
strong emitter (blue) and Bsirong (red) versus fi.

— BARIEMEERA . FE Fig. 5 Bon 7GR RIS RS 9065 LR R
JEGEE RIS, G5REEM . ZOEhE B2 T5% AU R B AT DAE Ik
TEFCES B A B SS R ELIRE H 5 RS I B0 S R A RS R Al EE
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FIG. 5. Overlap of strong dark current emission areas and
breakdown spots. (a) Overview of breakdown spots on the
cathode. The red circles indicate the areas which contain
breakdown spots. The white dash circle indicates the maxi-
mum visible range by the dark current imaging system. (b-e)
Zoom-in view of circles marked in (a). (b, ¢) Breakdown spot
on Cu which overlaps and does not overlap with a strong dark
current emission area, respectively. (d) Breakdown spot on
Au which overlaps with a strong dark current emission area.
(e) Smooth undamaged surface on Mg. (f) Overlap of the
strong dark current emission areas and the breakdown spots.
The dark current imaging is in false color for better display.
The overlapped strong emission areas and breakdown spots
are marked by arrows. The strong emission areas with un-
known origin are marked by the question mark.
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7 BRI ELINESTPHIGEEEBRREE RS [PRST-AB 21]
Low energy dark current collimation system in single-pass

linacs
7.1 BERER
S R TR IR

{E#: S. Bettoni, P. Craievich, M. Pedrozzi, M. Schaer, and L. Stingelin (=4,
#J: Paul Scherrer Institut, %)

A AL PG, SEEG

FE4%: http://dx.doi.org/10.1103/PhysRevSTAB.21.023401

7.2

FESTIER, B 2T AL A R AN R LA 2420, T RE S A i gL 3
TANORAF LB MR o X TR OC I A FEE AR i e dr , IXRE 1850
BESE T ANl (e RS FR I B L an RFEC L < i, AEAREERE (10 MeV LAR) 1L
L I E R OCET IR R

R SOT R FF LI RAE 1 — I R AT 5B B, F 2SR Bt s RO
b SwissFEL i 5 it 1 1 RS i it o IR R SORRTHE BRI T 70, Al fi
T i FEL AR AL B 21 2 — M = A woe Z AT D A RO P IXRIE SORRIE T A
SAERRE R M B A iU R RY, . FF B T I R S A AR 2 R

7.3 BTERAIGIHT A
o QUFTA: BTSRRI A ik LS IR, SRS IR A ST AR
A AR R T I AL RIS s VI KT R 2
o TURK: N T ET RO MK IE T RO IR AR, S aaG gk SRR A E] R UT )
& RN B AL R S IR, MM IE AR B L 2o E 5 1L
EyNAY
— WL, 2% R T R ki i B SRR ), FERE EIR T A
IO\ T 5 1R SR P A O O I 18] 450, AT SECRS TRt 45— FT 3T A 1Y
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W AT e [ Fig 11 eoR 7D RN, F AR BIANGE TR A Y
B, CARGER M (Faraday cup) WCERE FEAT(E 5 IR i S THRZS
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FIG. 11. Rf field amplitude of the SwissFEL and CTF2 gun (top|
plot), comparison of the FC measured trace and those obtained
trom the Fowler-Nordheim fit (dashed line) corresponding to the
CTF2 (middle plot) and the SwissFEL (bottom plot) gun.
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FEAZR ARG BT KR .

— WEALLRRENERIEMR. [ Fig. 24 B8 FEESAEEE R _ER%
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FIG. 15. Top plot: transmission to the end of the second

accelerating cavity of the dark current as a function of the gun
peak field. Middle plots: of pulse assumed in the simulations
assuming different pulke lengths. The buckets considered are also
indicated. Bottom plot: expected transmission of the dark current
to the end of the second accelerating cavity as a function of the rf
pulse length normalized to the case corresponding to 2 us rf pulse

length.
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FIG. 20. Measured slice energy spread along the bunch for
several collimator apertures compared to the case with the
collimator removed from the beam path (“Plate out™). The full
bunch length is divided in 15 parts of constant length.
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FIG. 21. Measured projected emittance increase versus the hole

diameter of the collimator normalized to the case with the

collimator removed from the beam path. The slice emittance

of the central slice along the longitudinal coordinate of the bunch

is reported for comparison to give an idea of the jitter of the
machine.
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FIG. 24. Measured projected emittances with the 9 mm diam-
eter hole as a function of the collimator offset making the beam
passing through the 9 mm diameter hole of the collimator and
comparison with Eq. (11) (top plot). Expectations from the model
assuming several hole diameters (bottom plot).

— WEELFLA IS B ]o [&] Fig. 25 $R5E 1A SLARAYHEELAL A RANIR (7
HOHE B AL I PR A IIRIEOR . AT R P S e B L AR L B L A2

—%T%bli%?@%@%?ﬁ?%ﬁﬁﬁ%@ﬁﬁ?%%ﬁFNéﬁt
(Fowler-Nordheim formula) & 455H . F-N AUF

EM\® &
Te(t) = I, ( Ff>) < o=

c

Hr,
¢15

E'—6%X1m/3,AQEAeX%67xHT6xMﬁ”me¢2

Hefr, ARCEATEIR Ae (nm?), FRIEE ¢ (eV). 3 Table 2 IR T /£
(IRRE B 1o BE BRI Ao 1 FELIAE FEL o e A I 5
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FIG. 25. Simulated transmission of the dark current at the exit
of the second S-band structure at SwissFEL. The number of
particles is normalized to those at the FC. The first accelerating
structure is installed at 3.3 m from the cathode.

TABLE I Parameters referring to the measurements shown in Fig. 10. /. and E, are fitting parameters with 95% confidence bounds

also indicated in parenthesis. A, and /# are the emitter area and the field enhancement factor with 95% confidence bounds indicated in
parenthesis.

f width

Gun f (Hz) Cathode (us) I, (kA) E, (MV/m) A, (pm?) p

CTF2 10 Cu 1.5 17.7 (15.1, 23.0) 773.8 (773.6, 774.1) 0.1 (0.08, 0.13) 84.6 (84.5, 84.6)
CTF2 10 Cu 2.0 17.7 (14.2, 22.1) 780.8 (780.4, 781.3) 0.1 (0.08, 0.12) 83.9 (83.8, 83.9)
CTF2 10 Cu 2.0 17.7 (14.5, 21.6)  780.3 (779.5, 782,1) 0.1 (0.08. 0.12) 83.9 (83.7. 84.0)
SwissFEL 10 Cu 1.0 1.78 (1.47, 2.08) 880.1 (867.4, 893.2) 0.010 (0.008, 0.012) 70.0 (63.5, 76.5)
SwissFEL 100 Cu 1.0 1.27 (0.44, 2.11) 870.6 (825.0, 921.7) 0.007 (0.003, 0.011) 75.2 (71.0, 79.4)
SwissFEL 10 Cs;Te 1.0 0.12 (0.02, 0.23) 774.3 (708.7, 853.4)  0.0006 (0.0001, 0.0012) 84.6 (76.7, 92.4)

TABLE II. Field emitted charge measured at the low energy section of the machine for the CTF2 gun, and that
transmitted to the end of the SITF in nominal conditions, but with the bunch compressor straight, assuming different
rf pulse lengths. We report also the transmitted charge in the high energy section relative to that at the low energy
region, and the ratio of the relative transmitted integrated current for the two considered pulse lengths.

OQiow (PO) thgh (PO Oiow/ thgh
Pulselength = 1.5 us 980 £ 8 19+2 1.9% = 0.2%
Pulse length= 2.0 pus 1360 + 8 27+ 1 1.99% = 0.07%
1505/ Q2 72.1% + 0.7% 70.4% + 0.8% 1.02% + 0.01%
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8.1

8.2

Ultracold Electron Source

FEARAE R

5325 IR

{E#: B.J. Claessens, S.B. van der Geer, G. Taban, E.J.D. Vredenbregt, and O.J.
Luiten (FZA#J: TU Eindhoven)

FM: A

H§H%: https://doi.org/10.1103/PhysRevlett.95.164801

S

IR SR TP~ A S e B KPR BOR R LR daidt i ik HL

PR AR T IL B A1, XA AT LAFEAN S FE O ik sl i 4 B
HUTR LT A R R R AT X IR SCH T FE IR BT 10 K L A9
PR R, X IR AT LGE IS A IS OGS 2 125 F B R E R OG0 4
FEIX Ve SR T L SE I 2R R T e S5 B Ao s R BRI T

8.3

BT HRAIBIHT

o GBI PR PR A S S R ORI T (RS B IE T4

W WEFEFRIT AT LU A R Y 5 B A 24 I A oG i LR Y R B3R T — 2 P X
B WA, BERINEIR, W EMEAGE N W ROCEARRIE L W A
AHTRIAT S

TUHR : AEIX RS IR SO 28 I e A AR ] e S ds s 2 B I e 4 oK 5 & 3 (carbon
nanotube,CNT) , Beim 52 E 2 1 pA /nm? . TR E ARG REL B s 22 22 100
A/mm? BEFEA G ONT 7 sUES s/ 2-3 M Hngs.

H RTHE TR 4] 52 TR P38 0 P 23 5 ) SRS, T 50 M P 23 ) B PR 32 A
TEFTA RO # A BT IR AR IR, A El, — e 10°—10* K
Fifio XSO TR FIRE, WEREE TR (ultracold plasma, UCP)
HRPE A F Tk, XA B AR OB A R =, IR
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[ (B e B P TOE BRS 7=2E o SF BARFL IR B AT DARRAIRE 10 Ko JX e 30l
GPT (general particle tracer) F&/ 7X@ PR TI7 &, 4@ SR, T
BZFD LR AT o

— W AR R 52 B AT LAE N 4ESe FEFOR  (EAESEPRrb 2 (o IR ] DU 4E 52 B

S e R PR AT B9 o ;

2
dm2eze,

Hep, T ONEERRR, e ey AHLIBITTIR A S
& = ——\/{a2) () — (o)’

m

B, =

Xty T IR RAUE

TR ERN J, BnEA T R, B4 Ea
B, =mc*J/nkT

Hip, b ABURE 2 H L

MR R LVE R, PRI R A AR T 52 B . 8 I s PR RE
AP i AU AR 21, A8 se il SCSLae 2 BRI 2 Lk 2] T B =
5x 10" A/ (rad* m?), FHE TG EEMBMR T 1-2 DR X2 R R
R RSS2 IR T AR b 25 I FiAT g, seis e, T EAE RO R BIPIHER
ARt 25 ] AT 28

— BWRTIRR L E Figl o, A8

L EJo74E T <1 mK EF=, RGP (Magneto-Optical Trap,
MOT) /1, HFARBTEIL mm?, LR 10" m™ 5ig.

2. WHIBIRD (us) KEEROCHK TR = UR B RIS .

3. SWAROEEE BRIk ERTERUL R, AR 1 mm?® fRFH
7742 100 pC HLf-o Horr, @ g R I HAGE S 1 FE B B (E/ NER 93
HROE = A R TIREL N 1 mKe JFEat e, B PR ERE T gfh R
FERT IR, R SR T2 10K

4. D EHETFME LR R S B RS R/ N E S e DR
Po XTZARRSTR 100 pC KA, FFEAE 1 em (YEEIA 1 MV H
FEo 4 T/ INAS [ TRV M, L ETHIT IR T 1 ns.

1E J5 2 HVEFRS B b T B 28 5R (velocity bunching), SR B AT DL YE 2030 5 70
KE, HEEHE WWRKENBMREALEER, £52, MHEETFEESESKX
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FIG. 1. Schematic of the four-step procedure to realize a
pulsed UCP electron source.
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Y BSOS WURBOE IR IIELE . OIS T oA R T B 7T
K HIHEGHIR (pancake) A — SR/ VT AR RIREIA R ST, AR R A 22
I8 B A, AR 25 TR BT RSOR  ml AT A O = 4B SR, X R AR BAT 58 42 2k
PERZS LA o HURT DAR IS AR (cigar) SRH] — SREEHCREEA FAHH B R
b PRGN R S T A R AT, A S ) FEATRSONL  RT LA A B . 3X
FRAERIR AT A A A 5 B R AR IR O -

€ = R\/kT /5mc?
Hep, R OVHRAE R 12,

LRI 5 A S AT 2 PR R RE AR e . S50 Do 1 U LA
KPR O AR . fE GPT GHETR . WEDPRLGET 2 mm 272, 15 um 4
I, SREIRER 470 keV BATTLISEHL 150 fs KK EFIBINE By =
5 10% A/ (rad® m2): AL 80 pm 42, 1 mm SRR, SHRENE 270
keV BRESIIUAE FIRR A 20 fs SRIAKERIBHIAZEE B > 5 x 104 A/ (rad® m2).

MEHE A, SRR T g, (B P AT AR RS B4 58 T AR
A, 1S inA I REAE B AR USRI RAES AL SRS RN Fig.2 Frr.

3H£% 0.J. Luiten et al., How to Realize Uniform Three-Dimensional Ellipsoidal Electron Bunches, Phys.
Rev. Lett. 93, 094802 (2004). https://journals.aps.org/prl/abstract/10.1103/PhysRevLlett.93.094802,
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FIG. 2. (a) Field geometry and radial bunch envelope as a
function of z; (b) rms normalized emittance as a function of z;
(c¢) rms bunch length as a function of z. Solid lines: cigar bunch;
dashed lines: pancake bunch.
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Generation of attosecond electron bunches through Terahertz

regulation

9.1 EAX{FE
o K R
o YE&: Y. Wang, R. Li, Y. Du, Z. Dong, H. Chen (FE 41y JHEE LK)
o A HR. (TH

o E¥7E: https://www.jacow.org/ipac2024/pdf/MOPS62.pdf

9.2

RIS H R AR I SRR 21 8, B sl W e e 805 i oh BR &
P b 0 B AR AT P 3k — 20 R4 RO ML o A& SR ST s B 1 e 7 1 B &8 W] LUK SR B AL AL
B ED (sub-fs) R, AR R RS A RE20S . R SRR T K
HR2& kP E A Bon# S (dielectric-loaded waveguide, DLW) #E{7 7. {FELF
WY, =BT R PAE L £C 1 MeV HLF R A 4R 2T KA (rms) 12, FF H ATk
22 Wi JF (second order distortion)o A [ A RO WAL E/INT 20 pmo HFHITE
X B YU Sl Y FELA B2 FIATHY o AR B A AR AT AT LA UED  UEM RO & e ] 43
FEAE AT 21 B FY N R 50

9.3 TTERAIEIHT A

o GPFTRG ERRBZE i —Hr iR SEEL T AE 10 £CL 3.3 MeV T IR 2 R
A, JFH ASTRA F1 CST # 4 (5 EAHETT ZE AT T1E

o wrik: REEAETAREIRERY 3.3 MeV, KL O 0.46 THzo fLtbsr
iom#k T (dielectric-loaded waveguide, DLW) HYJSIE, (45 KMraZ ik B9 HH 12 AT
DADERCHE -, LA B R KRR 2X BRI FE I an 1 18] Fig. 2 Bl

YT RBNPEANET, BENAAE 2 MIPIGIAALE 2 7] LARIR A

Zp = 1—k‘i zo+i @—k’g 22+i(50—|—0(52)—|—0(52)
5272 25272 n2 0 0 5272 0 o0%o
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Figure 2: (a) Phase velocity inside the DLW and (b) the
electric field seen by the electrons in the structure.

Hrp, kp NRARGHIEL Ve MRRGHGERIE, Ly ARG Z )
IR, k=2, ky RBRZ DI E, 0 ARRE RS K%
SR EEE], O (65) %D O (doz0) MARLNEEATHI TR WEFEAIERY L~ b LANKGHE
255 R MR AU S 58— U8 — 08 0.

XFEe G ASTRA A1 CST #EAT{7E, KM 3.3 MeV RUAIGERFI 10 £C Hfif
&, BEARZSHN Tablel 25 H

Table 1: Main Simulation Parameters

Parameters Values
Gun field strength E 70 MV/m
Gun frequency 2.856 GHz
Gun phase ¢ 199.04°
Initial rms bunch size 11.9 um rms
Initial rms bunch length 0.2 ps rms
Buncher field strength Ey 30MV/m
Buncher phase ¢p 214.36°
THz maximum field strength  0.18 MV/m
Solenoid 1 field 0.141T
Solenoid 2 field 0.1T

T2, RAERE S ALK 3 S/ N PR AT 1) ROT AIGA RIS, 4303020 16 pm (rms) ]
679 as (rms), AFITCABZE EGAT LI FE Fig. 4 fioR, A XZZE4E R
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Figure 4:

The longitudinal and transverse profile of the
beam.
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How to Realize Uniform Three-Dimensional Ellipsoidal Elec-

tron Bunches
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FIG. 3 (color). The rms emittance as a function of z for an
ellipsoidal, a flattop, and a Gaussian initial radial profile.
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