ik B RAH N FEAFIE L5 (2023 F 12 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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Coherent nanophotonic electron accelerator

1.1 RAfER
o 2 HIUIELS

o {fF# : Tomas Chlouba, Roy Shiloh, Stefanie Kraus, Leon Bruckner, Julian Litzel, and
Peter Hommelhoff (3= 24/ #4): Friedrich-Alexander-Universitat Erlangen-Nurnberg,

J5 AR A - I RBRIR-AIE B2, T8 H])
o B HEIE. B

o %7 https://www.nature.com/articles/s41586-023-06602-7

RESE A NAE Ehttps://mp.weixin.qq. com/s/XgyQbpCgycbRJIif JH6d-zg https:
//mp.weixin.qq.com/s/_ 1KrSMGQwqLOFN1x4kD93A,

1.2 fj#

Ry I g Tolk BRI A2 U R 2L TR o W H X LA e Y o5 Tl
BUNERSY B LI KT G, BRTBE S FO TR N e ARG TR S5 N A B
IR AR T — RO AT % HATIR ST Al RES PR L B, S EA T
BOLILERI BT I 7RSS, BAERADE AT E 2 A B A =S R, (Hie
AN IE A SR A B RE R I 2t

IR SRR T — R Al IR 7 Finid g, BT RS 7R 7 A
REIARZYA, FFAEL 225 nm T8 A E TP AN S | S5 500 pm B SR EEES
WIS EE M B BT RE G 2500 12.3 keV, T MEAIHY 28.4 keV HifNE] 40.7
keV, REEIEIN T 43%. FUTXIUTAER B SEEROCFInEa i B, A s i
BIESTFEARL, DA/ NIRSTZOR, 1R LEE GeV/m YERIH S ImER L. XL R E
HURL st SEEl R ol AP SE RIRL S A A S R I o


https://www.nature.com/articles/s41586-023-06602-7
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https://mp.weixin.qq.com/s/_1KrSMGQwqLOFN1x4kD93A
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1.3 TRk S BIHT A

SR B i A B AR AT, SRR DY 300 MeV /m, A
BELIEH K, AR RO AR, X B AR N OGRS s g (dielectric
laser accelerator, DLA), DLA F| UG AR K 7SR InE -, 8 & AL e bt
AT/ B N A P SRR AR S 100 £, A/ NI ZBF mal s A R T IR . A
() DLA 6 T RIS F 5280 T &k 850 MeV/ m [ RREE, XTI AERHEH 7 (H
R ET U 90%) 155 370 MeV /m (HALRE AT 6T 90%) .

(HAME A AT E M, R ZG ENIRFAAEE AR A W, SN
ATl RSS2 £ (alternating phase focusing, APF) B A HL BRI A
HHizzhImEE W TR o AT, DLA BRI RS RE DA T AMNER Lk o LR3I F
FRIBRGIESL S . FETFREE A] AN 32 20 S TS WOs Bk A BAE A ) R i
I EIX AR/ T DLA #Y R .

I3 — R T IR I OGS B BRI 7SR DX A [l ——R0E 7 A — R LT
—EB O AR XA SN ImE R . 2% T Fig. 1. HE2X1
FEE M AR H SRR, XLEREAEREHES BRI BR (cell), &1L
FODO cello 1X2E2 AN [AIAY IR B2 2 T 1T AY, AT LAS AR SR R IR (O
WAL R IR D) o SR EEARAEBRER BV 2 B okt F - RER R A S 7 1) B AT
R, ARG DIREIR B AR EAE Hiag FTH 7 [ LR e TR SR .

I R RE R BT RYAT O T AU B S OGO —
o HTHIERIGRERY 28.4 keV, MEEIHIIN T 12.3keV, XFRT 22.7 MeV/m HIfIT#H
PR IZBR AT HELACHE - Indas 7 RUREIAHIRSE . /I 8 Rl fRoR TPk
AR DLA, KDy 708 fok, FffEH] APF S iX 23.7 keV UREIRSG G, HE 96 keV
AL I RE RN T 25%.

SR RN TAHME R ERRER A, R TSGR DLA (ECRIE T, FFHh
AR IR G5 1B JRIM, AL LR 2 HT, AT — LT, &
SRR 2 - R RO GOK B A SR AR AR BN A — R iE )
REW M GINEE A RO E UAE P RO e Z [H- A T R SR IXRMSEHFR Y optical
beat SEEAAAHR, I _E AT LUS & L ikt

1.4 HE

SSC T SO 8 PR — R R TR R — W TR RS — AR T e
AL

o
HRSTF LR B BE 4/ NEIAE 1 220K e Sl — RESUN 0.2 ZKATRL 7 Inidsy , 1X
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VET = 1.1
—100 L, . . ) - ) 284 w
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Fig.1|Principle of simultaneousacceleration and beam confinementina
nanophotonicstructure.a, Ashort, roughly 5-pm-long section of the dual
pillaraccelerator structure (grey). Laser light incident along the viewing
direction generates an optical mode inside of the structure comoving with

the electrons (green). Topand bottom: sketches of the synchronous Lorentz
force components F,and F,acting onadesign electron, that is, an electron
synchronous withthe propagating nearfield mode and initially positioned ata
phase of ¢, = 60°, depicted asa green disk. Before the phase jump, the electron
experiencesanacceleration force (F.positive). At the same time, the transverse
forcesactin atransversally defocusing way on the electrons (F, negative for
electrons at negative x coordinates, forexample, seebottom left). Afteran
abruptphase jump of Agp =120°, theelectron enters the same nanophotonic
mode in thenext macrocell, but is now phase-shifted to ¢, =-60° (top right).

2 um)

Alsohere the electron experiences anacceleration force (positive F,), but now
the transverseforces actinafocusingmanner (bottomright; seealsoc). This
repeats with every period of the laser field, thatis, every 6.45 fs, whichis
depicted for multiple laser periods as the electron (green disk) propagates
through the structure. The simultaneously arising longitudinal bunchingand
de-bunching is discussed inthemain text. b, A depiction of aphase jump froma
focusing to adefocusing macrocellwith A = 240° (effectively -120°), shifting
the design electron from g, =-60°to ¢, =60°. ¢,d, Zoom-in of the relevant
regionsinaand b, respectively, with the arrows showing the force field at one
instantin time. e, Simulated trajectories of electronsas they travel throughthe
accelerator structure while gaining energy (colour shows instantaneousenergy).
The orange and purple blocks above depict the corresponding macrocells that
act transversally focusing (purple) and defocusing (orange).
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2 MR EY [SLAC-PUB-11829]

Wakefields of Sub-Picosecond Electron Bunches
2.1 EARFE

- 3 BYMEPTE

e {E#%: K.L.F. Bane (SLAC)

o AL PR,

o #Ef%:https://digital.library.unt.edu/ark:/67531/metadc885578/m2/1/high_

res_d/881533.pdf
2.2 HyH

It SLAC FOARMR & 45 1A L7 R LR R T, £ 268 BN 4 K 5
M A, B X ST E ORI, R B2 THOLIR (Linac
Coherent Light Source, LCLS) W H , WeH F R REERIRLEED, B

o HZNNRLERY . BT RS (diffracted wake)
o WEEGES AT R 248 5T (coherent synchrotron radiation, CSR) 3%
o YERIE (transition wake). FRIHAFLESEEY) (surface roughness)

o WA HFLEEEY) (resistive wall wake)

X LCLS ki, HFHEERY AT EREY) . N T AR S RIRATEN, R
BT R B ERE (MAVEM), FR-PREH (A2 RIEE).

2.3 DTk EkAIHT A

o TTHR: IXRIESCE MBS 43 LCLS BEIEB R A EOT IR, a0 F K. HETE
B2, PEA Linac-3 ZJ5, REIGAA T 40 B =i, JER double-horn
=T


https://digital.library.unt.edu/ark:/67531/metadc885578/m2/1/high_res_d/881533.pdf
https://digital.library.unt.edu/ark:/67531/metadc885578/m2/1/high_res_d/881533.pdf

6 MeV 135 MeV 250 MeV 4.54 GeV i 14.1 GeV
a,=083mm g,=083 mm .= 0.19 mm a,= 0.022 mm ! @,=0.022 mm
o= 0.05 % o5~ 0.10 % oz=1.6 % o5=0.71% 1 05=0.01%

Linac-X i
L=0.6m i
@=—160° :
Linac-1 Linac-2 Linac-3 !
L=9m L=330m L=550m |
Pp=—25" | @=Ll L @e=-100
[ 21 | | N - E dulator
= ...existing linac 21-1b 21-3b 25-1a une
21-1d BC1 24-6d BC2 30-8c :_\_ =130 m
DL1 L=6m L=22m ! -
L=12m Fop=—39 mm Rep=—25 mm ' LTU
Ry =0 | L=275m
| Ry=0
SLAC linac tunnel | research yard

Figure 1. Schematic of the LCLS.

B §2 N AR S E . W, VRG] s < 0 24 L H0R 71
DI SRR AT o TR VR S T A S R T I R R, IR T LA
MR, A4

—BERRE. BAS vs. Rl

— R

— WK o, SERECHARKIE a/y HiELD

A, RIS A F RO R A RE S AR — B S Bl (REHD), &
L5 &

X SR JE R 28 T MR R A T e BHEEBE A 318, B4 DC
Drude model 3& A5, #)%] AC Drude model, W8 T i@y ., (HiS
%}%{‘0

o BT XRIEIC §2.0.1 1L TR R RS R I L (EAR B

2.4 HE

M XEISCER s oA local bunch coordinate, H s > 0 FoRE#RKF, s <0
R 2 WK global path-length coordinate,

Xt SSMB, WIGIAIT, B



Table 1. First and second moments of (Gaussian) bunch wakes, (W,) and
(Wg)rms, corresponding to common short-bunch wake forms W(s). Here the s
dependence alone is considered. H(s) is the unit step function (= 0 for s < 0; 1 for
s > 0).

Wake form, W(s)  Wake example (W) (Wg)rms
Circuit Models:
Resistive: &(s) Shallow transiti ir, W ! 0.111
sistive: (s allow transition pair
pair, 2/mwo, o,
1 1
C itive: H hallow t iti ir, W, — —
apacitive: H(s) Shallow transition pair, Wx 2 73
1
Inductive: #'(s Roughness, inductive model, W 0 _—
(=) & V6m 31/452
Power Law, s%:
o= _% Deep cavity, W 0.723 0.292
2/ Tz A/ Oz
o= % Deep cavity, W, 0.489+ /0 0.374+/0 .
—0.489 0.516
. 3 . .
a=-3 Resistive wall, low freq., W 32 32
fo e o
—0.758 0.532
—_4 —_—
a=-—3 CSR, W 3 173
fo g o,
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3 ERIERSZIENRS [JAP 12]
Forced Oscillations in Cavity Resonators
3.1 EAEFR
o K BYMEPUTEA
« {#: E.U. Condon (Washington Research Laboratory)
o AL PP

o %7 https://doi.org/10.1063/1.1712882

3.2 i

BEA IR SO 24 R R A R SRR BB AR A VN B RO PRR L 7E BRI
CEIMECH S R — RS AR e 0. (E% 15— R Brie T2
# [i).
3.3 FHMREAIH

o BTG HEERES RIS AR S VO RN BRI . AR IO
Hy el R sl AR B v IXRIESCVEN XK A i R AR, 3T
R, ST R RREE R MEONRUBIR, IX RV SR FR A R
B L LB RS TR R, SRR L, PR
e fit S8

o TTHk: XRIRSCOATBLEREL A JTAG, SBRE LIRSS A IHR

a#b
/AﬁymmW'{i fb,Amwzzpwmm»

SR B R G PRI [P T AR (B SR IR, A
i(r,t) = I(t)A,(r)

Horp, WA a B9 FIR R BT S R


https://doi.org/10.1063/1.1712882

AR F P E R R e A R E A V x H — 1B = 471, HILA

Do + (27wa)2pa = 4nc? I, ()
MIX BT LUE A4 B B8 TR IERY S 7] LA RLC SRR B IA , (R RLT
IR TITRE . W PR ZREHFE, QSRS S RIE L% e diFE, WA

21y, .
Pa + g—ypa + (27r1/a)2pa = 47r021a(t)

XA F OB P RS, I a AR AR It — A T 5 A R B A 2k
(A%

L(t) = %I(t) §£Aa - ds.

Heh, $A,-ds= [[V xA,-dS=M,.
BE, ITEEAEPTT Dk S e, A
E=RI+> My,
GEA RS HTUE SRR A, UYL R S gL, WA
E=RI+ Z 2mivMyp,

Vv a
”—<y2—u2+z‘g)pa:Mal

2 a
c a

BT

TR T R EE A IRE RO A . XEIRSGEE e 7L RLEDL,
Mt A

LA EAUCE i, (B2 FLAT o BT — AR DL P A A2 M Maxwell J7REEL, £
10

—EEVA—V%O:ZLWp
10%A 1 0

A4 -2 2 gy fio — 2

v +02 ot? W(l 47rc@tvg0>

FIECITE, Adieit. e, A

Szc%+za:Mapa
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3.4

BHTAT

WAL T A BT Y BH IR 7R
) ’_‘E:

P ROX RS SOR Y PR RO 5 A (s TRy ST B il BT X o

S5 3k

1]

E.U. Condon, Electronic Generation of Electromagnetic Oscillations, J. Appl. Phys.

11, 502-506 (1940). https://pubs.aip.org/aip/jap/article/11/7/502/138343/
Electronic-Generation-of-Electromagnetic
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4 FXIE WS BRI O B s 4 b
Excitation of a Rectangular Electromagnetic Cavity by a Pass-

ing, Relativistic Electron

4.1 EAER
C 5% REMG
o YE#: Kirk T. McDonald (Princeton University)
o KA P

o #54%: http://kirkmcd.princeton.edu/examples/excitation.pdf

4.2 HH%E

XA EEICTT IR T Ly 2 IR IR, AR TP U R SR B FR i
SREEFAE L. PHETMR IR IE R BV RS . R TR IEIRIE, JER AR
T ICHII R 4

4.3  TERERAIH A

o QIFTE: XMMEICIHE TS FEEIRIRIE S, ok s A9 B
W A BRI 3 X 2B IC 24— Fh R T B 575 R B iraad
IR IR iZAE R BE R (FRAC EAE I RETR Use) S 2Z A RENS B4 45 HL 11
(oK) fiER AU,

o TiRk: ZEIC §2.1 MRSEAEI ISR IS R (TM BE) JFER . A0 abmg 2. 44
HAE TMoio B0 HEERER ., A

_[IEP+IBP .. [|E] ,  Ejd.d,d,
U_/ 167 dv_/ﬁdv_ 327

WK, 25 TMow HRIEG, REMSIS 2 AR KEER AT S N

d./2c

2ceE d.
AU = —eE(x,y)/ coswtedt = 25 d

0 . . .
sin b, sin k,y sin 5
—d./2c w c

2ek kd.
= 250 kg sin kyy sin 5
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4.4

BRI B A TMowo A (HAGE 7 3UCHY, Hedn: MRS ) . IR
B N Al AR e yr . S ad ik IR R BRI SR AR R 5 o

twt

0E, = Ee sinkyxsin kyye™

Hr1, Eo € Co IAMEBE Ey > 0E,, W LM |E|? = |E0+ 6E,|* ~ E2 + 2E,6 B,
W E LA EAEH RERCY

Eo Re (Eoy) sin? kyz sin® k,y EyRe (Eex) dydyd,
Ut = dV =
4 167
TR, WMAkNBESA
2 kd, 2 kd,
Re (Fex) = — ka;;iiz sin k,x sin k,y sin 5 = —ﬁ sin k,x sin k,y sin 5

AILCER], ISR By ook, RNEIRIEAAHE FIEANZ -5 A E T ek,
FEE T o

U IR 22 ok, WA

32 kd,
™€ |sin kg sin kyy sin 3

32¢

JE+ &d,
BN IR, ST HXe P2 EIRIER IR, UL R IR E R

kd,
2

sin k,x sin kyy sin

VEE AR I — D BOs G H — B A E BRI, (BB . s
R ...the excitation of other low modes of the cavity by the electron results in
fields of similar order to that of eq. (22) [Bp L@ Fex XJ. If we are interested in the
excitation of a particular mode, we can first suppose that the cavity has an initial
field in this mode only, calculate the energy gain by the passing electron, and deduce
the excitation of this mode by equating the final interference energy to the negative
of the energy gain. We see that if a mode does mnot result in an energy gain by a

passing electron, there will be no excitation of this mode by the passing electron.

Vord
=l

RXATEIL R CGS HALH]

XA EICHY B ERAEE . /b, X BI04 S R Al 5 H 8 o i R 25 57

EAUE R ZE R I AL, S0 e o Bl AT 1S Y
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