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P. Raimondi, Proc. of the 2nd SuperB Workshop, Frascati, March 2006.
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M. Zobov et al, PRL 104, 174801 (2010).

A. Bogomyagkov et al, PRAB 19,121005(2016).
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® X Fcrab waist= & : 5e34/cm”2/s/IP for Higgs
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py*=3.7mm
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Higgs Z W tthar
Number of IPs
Circumference [km] 100.0
SR power per beam [MW] 30
Half crossing angle at IP [mrad] 16.5
Energy [GeV] 120 45.5 80 180
Energy loss per turn [GeV] 1.8 0.037 0.357 9.1
Piwinski angle 5.94 24.68 6.08 1.21
Bunch number 268 11934 1297 35
Beam current [mA] 16.7 803.5 84.1 3.3
Beta functions at IP (px/py)
[m/mm] 0.3/1 | 0.13/0.9 | 0.21/1 [1.04/2.7
Emittance (ex/gy) [nm/pm] 0.64/1.3| 0.27/1.4 [0.87/1.7| 1.4/4.7
Beam size at IP (sigx/sigy)
[um/nm] 14/36 6/35 13/42 | 39/113
Bunch length (natural/total)
[mm] 2.3/4.1 | 2.5/8.7 | 2.5/4.9|2.2/2.9
Beam-beam parameters 0.015/0.10.004/0.12/0.012/0.{0.071/0.
(ksix/ksiy) 11 7 113 1
RF frequency [MHZz] 650 650 650 650
Longitudinal tune Qs 0.049 0.035 0.062 | 0.078
Beam lifetime [min] 20 80 55 18
Hour glass Factor 0.9 0.97 0.9 0.89
Luminosity per
IP[1e34/cm”2/s] 5.0 115 16 [ 05

41U




EAINEHCrab-Waist 5 REIXVIEIA
Colliders ~ Location ~ Status

DADNE

SuperKEKB

SuperC-Tau

FCC-ee

CEPC

STCF

®-Factory
Frascati, Italy

B-Factory
Tsukuba, Japan

C-Tau-Factory
Novosibirsk, Russia

Z, W, H, ttbar-Factory
CERN, Switzerland

H, Z, W, ttbar-Factory
China

2-7 GeV
China

In operation (SIDDHARTA,
KLOE-2, SIDDHARTA-2)

Crab Waist optics in April
2020

Russian mega-science
project

91 km, CDR released in
December 2018

100 km, CDR released in
August 2018

CDR design under going
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Length 20km

pre-accelerator e 1136 x10% et _1_%E'§"H§$Z * SI'*I:H:§7K

few GeV g ;-_;;———vg Repetition 5Hz

PLEANNE. - { ) source
f,a"' . | 3 R

/' \, Nano-beam Technology Beam Pulse Period 0.73 ms
\
/ damping )

csey Beam Current 5.8 mA (in pulse) ® F_‘Ll-m_yu / E}ﬁyy éi**i}iﬁ%

1 1 1 &d
\ gv% GeV /) e few "SRE 'Acceleratlng Technology (ocus Rl 5oam size (y)atFF 7.7 nm@250GeV

xk = / cg_ — L _,>=,”<:_ SRF Cavity G. 31.5MV/m %ﬁﬁ'\]%ﬁﬁﬁﬁ EE EE:??%&%%%

— 11 (35 MV/m)

e- Main Linac

e+ Source

Beam delivery system
BDS) - Source

' Damping :
Ring

bunch

compressor L Qg Q,=1x10 ©
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FERMILAB-FN-1155AD-PPO-SQMS-TD I L °
I . s g =
| . | footprint XXRYERE, KEUE
Higgs-Energy LEptoN (HELEN) Collider based on
advanced superconducting radio frequency | Fe rmi Ia b S |te B. Ij\]§ —AZ 50 GeV
technology
~
3. Belomestnykh*'#, P.C. Bhat!, A. Grasselling!, M. Checchin®, 1. Denisov®, Q EQE%ijidzn
R.L. Geng', 8. Jindariani', M. Liepe®, M. Martinello?, P. Merkel', 5. Nagaitsev', £
1 H. Padamsee'®, 8. Posen', FLA. Rimmer®, A. Romanenko®, V. Shiltsev!, :
cl A. Valishev', and V. Yekovlev' %
o \\/
- "Fermi Mational Aceelerator Laboratory, Batevia, IL, USA E o E&H; &iE -%—H TE 1?7]”
= 2Stony Brook University, Stony Brook, NY, USA
E *Brookhaven National Laboratory, Upton, NY, USA N =] _‘_EI
40ak Ridge National Laboratory, Osk Ridge, TN, USA %*%’ }AI LC Hg 3 1 5 MV/I I lj: Il=ll J 70
tﬂ "Cornell University, [theca, NY, USA l— > © E = i
"Thomas Jefferson National Accelerator Facility, Newport News, VA, USA \l
pr—
ﬁ?‘" March 17, 2022 Interaction [] | IVI U / I l .
3 Region
o5 9 \;E .-*-
< = . \\/
% * « HEHE: * =B
"_'E__ Submiteed to the Procesdings of F £ N - | ;:FU \ — j
— che U.5. Particle Physics Commmunity Planning Exercie [Snowmass 2021) ermi Nationa ;fj'*% ]* 9 O M V/I ' l I
%) =
—_— ©
> A Accelerator Laboratory £ — SRS 7]
—_— This Enowmass 2021 contributed paper discusses a Higgs Energy LEptoM (HELEN) =fe = % EH T m J 5 5 M V/l I l
| lirear collider based om advances wper\mnclul ting radio frequency technology. The propossd % Ij- E = i
Q0 collider offers cost and AC powes savings, smaller fooipring {relative to the ILC), and coald E
:.-—': be built at Fermilak with an Interaction Region within the site boundaries. Afes t ial
oy physics run ac 350 OV, the collider could be upgraded efther to higher homincsioy or gher
' {up o GO0 GeV) |rx'ripr-.| If the ILC could not be realised in Japan in & time h' fiashion, the v A S o | 7
| HELEN collider would be a viahle option to build a Higes factory in the U.S. ( ] 1 I — T D R ( )
] 4 v ©
=
>§ Google l 1km
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TRBSNREGH

flange

HOM coupler

LTVTY \,

~N

™~ HOM coupler __,I //
flange 1154 mm power coupler

(rotated by 65) flange

1061 mm

1276 mm

179 5 5E 3 (TESLA) N & E s

1TIRKES MRS -
o« WRARPHEIEE#ID (Hpr/Eace)
28.8 vs. 42.6 Oe/(MV/m) (TESLA)
MEISEERIFEY (Eyr/Eace)
- BEEH R/Q, BRREEERFRE

Geometry of the TW half cell.

Optimization 120/200
Phase advance (deg.) 90

A (mm) 23.83
B (mm) 36.40
a (mm) 4.51
b (mm) 7.52
Epi/Eqce 1.727
Byi/Egce (mT/(MV/m))  2.878
R, /Q (Ohm/m) 2,127
a (deg.) 90.91
R., (mm) 98.95
Vgr/C 0.01831
Euce (MV/m) 69.5
Euee - 2L MV 4.00




HELENSILCXYiEN NS LR

Parameter HELEN 1ILC
CM energy 2x E}, (GeV) 250 250, 500
Length (km) (.O 20.0, ol
Interaction points 1 1
Integrated luminosity (ab=!/yr) 0.2 0.2, 0.3
Peak lumi. £ (10%*ecm~2s71) 1.35 1.35, 1.8
CM energy spread ~ 0.40ps (rms, %) 1 1, 1.7
Polarization (%) 80/30 (e~ Je™) 80/30 (e~ /e™)
Rep.rate frep (Hz) 5 5
Bunch spacing (ns) 554 554
Particles per bunch N (1019) 2 2
Bunches per pulse ny, 1312 1312
Pulse duration (us) 727 727
Pulsed beam current I;, (mA) 5.8 5.8
Bunch length o, (rms, mm) 0.3 0.3
IP beam size o* (rms, m) H: 0.52 ~ H:0.52,0.47
’ V: 0.0077 V: 0.0077, 0.0059
Emittance, ey (rms, um) Ve 0.085 V: 56355;,100.035
. . . . H: 13 H: 13, 11
(3* at interaction point (mm) V. 041 V: 0.41, 0.48
Full crossing angle 6. (mrad) 14 14
Crossing scheme crab crossing crab crossing
Disruption parameter D, 35 35, 25
RF frequency frr (MHz) 1300 1300
Accelerating gradient £,.. (MV,/m) 70 31.5
Effective gradient E.¢r (MV/m) 55.6 21
Total beam power (MW) 5.3 5.3, 10.5
Site power (MW) 110 111, 173
Key technology TW SRF SW SRF
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RREPTL. 3GHz BT A IDIE

& CEPCHRZL/} FH1.3GHz SRF; X ¥ ¥, #i F§650MHz SRF

KERn{EiRFEE KEBRMEIRFEEY
Ef-cellfz BCP 40 MV/m 9-cellfE EP 20 MV/m
=ab Nl M=t

EPRZE. HETIRXIF. WER
. TS

RERHEHREEL, FTHOM BRI SREHH AT

9-cellfg BCP 20 MV/m YHERRITESLARY
(BREETRIE, KEK/JLABULL) 9-cellf 24 MV/m
(KEKS2IRFOIS)

12 RRIR K BcelliZ=3REII SHINESR
553EP 9-cellfg¥t533 MV/m, &&=36MV/m

6 JARIR X 9-cellE1Y 3.8E10 @16-21MV/m,
#8idSHINE/LCLS- 115 LCLS-11-HEStR

12 JEPEicellfE
SEREIT 40 MV/m
B 46 MV/m

Fi522 MV/m
A3
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SEEFTSREEEBMYEL. 3GHz 9-cel IIBERIES HIREIR

100% | : e

1150
_ A f12s
s ’ $°®se . D Usable
2|8 oo T  eoul 1100 g
$ 10} e " . 2 >
O [ Euro-XFEL ‘..i? ILC Spec ] > 17 8
spec ] 40% |
1 50
e 1300-N5EP
. 1300.N7 EP 20% |
e 1300-N8 EP i 125
e 1300-N10 EP — |
100 L b b 0% b i . 0
0 5 10 15 20 25 30 35 40 45 50 0 10 20 30 40 50
Eqce (MV/M) Gradient (MV/m)
=HEFR5 HEBHl69-cell EINEMRE £88#8i1230 MV/m, Euro-XFEL 800X EBHI5%9-cellf=EE Mzt hNiEH
HpxSHBE36 MV/m, 83 ILC i5iR; FEiIEE33.4 EohRINREmE, FEIMEERE33 MV/m,

MV/m, S5Euro-XFELIt=F1HEIRY.
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650MHz 1-cellfREFINAR

* 650 MHz single-cell ESBERAT Bst, PREA. BA. ARH. RUEWILSTRR, WRERE
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1010 I S I S S I S N N S 1 I 1 M 1 T B 1 T
0 5 10 15 20 25 30 35 40 45 Eiji Kako##%
e N (KEK SRFf A, HASHTESME (TTC) £/
0 1 2 4 5 8 9 10
1 | 1 1 IVC(MV)I 1 1 1 |
0 20 40 60 80 100 120 140 160 180 . - o “ s
Bpear(MT) S—2 Hir: BOETER >41MV/m

=N PG Y— 4
650 MHz single-cell#8 5 MR 45 5 KR E — HAHIggs BT



SRF N —R S MESEMN: fe=% (Nb3Sn)

. BUERR, SRBSE

« Te=1HHLLER

BSTREIE,
#2017,

SRF Performance Evolution g, B, « H,xH,
10"

P

P

Raes =40 (1) ey (1767
L 7

L4
= '\ Enabling future efficient High Energy
go°r @ ‘ Machines

§ Nb,Sn, Niobium with S-S structures, Nband |
‘ non Nb multilayer structures to “slow down”
flux formation/entry
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E,ec (MVIm) &
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ARMBERFEFSHMA
ZE S IR IS RISnowmass2021FE & 77 ()
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BFEE R INEHE (£E100MV/m) | 205mEEE@4.2K, ET—RE50
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2018 2020 2022 2024 2026 2028 2018 2020 2022 2024 2026 2028
Frobing the fields above K, on Probing the limitscf accelerating field on e Apply gained knowledge and
Fundamentd amples subnenosecond timescales Physics of Lo ""':P new understanding for
RF Surface R e
Umite Evaluate feasibility of >DCH,, ields Petais e and its field

for up to~GV/m scale gradients

Understand trapped magnetic flux losses and flux trapping

EE="TE
_=D

for Nb and new materials

—_—
——

Usethecretical and experimental expertiseto evaluate
promising options for SAF materials (bulk and films),
develop sample coating and test tools

In situ removal of trapped magnetic field (in cryomodule)

Flux
Losses Develop Materials Specsto

ensure maximum flux detrapping

For materialsthat show B, >50 mT with &, <300 n2, develop cavity coating toois e

ind Eqec > 35 MV/|

R ——
—_— \ Q> 4x10"at 2K, 13 GHz and Exc> m | Re
\ i
NB,Sn: e > 20 MV/m with Q, > <1nQlin
1x10% at 13 GHz, 42K _

Fig. 2: Tables showmg proposed directions over a decade of research and development towards pushing
the accelerating gradients (left) and Qo (right) of SRF cavities.

DOE GARD-SRF Roadmap Workshop, United States Department of Energy Office of High Energy Physics,
https://doi.org/10.2172/1631119 (2017) 53

Measure and outpace time
Eoee=TOMV/m scalesof v onaxdsdpatlm
B >> 120 MV/m

Development of techniques to
prevent and mitigate
field emission

tl.lk ril:l:il.m
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-,,;,, Latest vertlcal test result

Summary of test results of Nb3Sn cavities at IMP
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* 4.2K VT test of 1st Nb3Sn cavity at IMP

* 2.0K of 2nd Nb3Sn cavity at PKU

* 4.2K of 1st baked Nb3Sn cavity at IMP

© 4.2K VT test of 3rd Nb3Sn cavity at IMP after quench
© 2,0K VT test of 3rd Nb3Sn cavity at IMP after quench

R

* 4.2K VT test of 1st Nb3Sn cvity at PKU

* 4.2K VT test of 2nd Nb3Sn cavity at PKU

* 4.2K VT test of 3rd Nb3Sn cavity at IMP before quench
* 2.0K VT test of 3rd Nb3Sn cavity at IMP before quench
* Q0-4.2K-Cornell
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© U. Wuppertal & JLab, 1990

A Cornell U., 2015

O Fermilab CBMM-D, 2019
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(ORI N0R AN

W C3(Cool Copper Collider) UL Az AHI< AR B I+ RR&DS FSLAC, UCLA, INFN, LANL, Radiabeam,

CERN, KEK, PSI, MITSFSEE =M 12 BAN

B R BRI R BN, Kl EHiggs
W ARG IR B i I S5 ARSI XFEL H H 1
WOGRE A :

® 5-10GeV: HEMXFELEH
® 10-20GeV: =)t THEEEXFEL, 50-100keV

I NEOVAEER

® T\ 5EJT
® /Ay

| Collider | CLIC[29] | ILC[5] | ¢ | «*°
CM Energy [GeV] 380 250 (500) 250 550
o, [pm] 70 300 100 100
Bz [mm] 8.0 8.0 12 12
B, [mm] 0.1 0.41 012 | 0.12
€; [nm-rad| 900 500 900 900
€y [nm-rad)] 20 35 20 20
Num. Bunches per Train 352 1312 133 5
Train Rep. Rate [Hz| 50 5 120 120
Bunch Spacing [ns] 0.5 369 5.26 3.5
Bunch Charge [nC| 0.83 3.2 1 1
Beam Power [MW| 28 2.63 2 2.45
Crossing Angle [rad| 0.0165 0.014 0.014 0.014
Crab Angle 0.0165/2 | 0.014/2 | 0.014/2 | 0.014/2
Luminosity [x10%¢] 1.5 1.35 1.3 2.4
(max is 4)
Gradient [MeV/m| 72 31.5 70 120
Effective Gradient [MeV /m)| 57 21 63 108
Shunt Impedance [M{2/m]| 95 300 300
Effective Shunt Impedance [M€2/m] 39 300 300
Site Power [MW]| 168 125 ~150 ~175
Length [km] 114 20.5 (31) 8 8
L* [m] 6 1.1 13 1.3

27




C3SNEFEE ;. high field & low breakdown rate

B C3EZPRBAE T RO IERSE: 120MV/m; HRSEEB: 26MV/m; WIRCHIEB: ~45MV/m
W ORH T 1. IR, &%ﬂiE@eak/Eaa;e-small iris — Blockage of fundamental frequency

— direct feed cavities — distributed coupling wave guide — peak raise 20%

2. FRARIRE R TTK — A4 R i Al 5 B 3G w2+ 15 PR+ UK R B — $2=igradient

B 1 KR ik : =13 %N A
| : RIFHR /3 4 1 ol B
- \ 0103 T T T T T T
Vacuum Space for Distributed Coupling Linac 588 A\ S band [ ——2.856 GHz ;
, ' ) I —5.712 GHz ,
g 287 \_. / | 0.025 r 11.424 GHz l
3 \ / I S 40K !
= 286 | “é" - - 77K 1
0.02 |- -
- \\ ) o : e 300K . :
e 1 ® 1 1
284 I 20.0151 .
13 14 1.5 16 1.7 18 189 | o | [
e At I g 1 1
k- | 1
Hpeak =12 y : g 0.01 | :
Hunperturbed - I L?J 1 :
E il I
E[;eak - 2.22 168 C bal'ld : 0.005 : :
acc 26 I ) . : . . . . :
é Ly : 0 50 100 150 200 250 300
“m I Temperature (K)
il L hnd R R Sz B A o PR S o S AR R B
|
FER P AY M2y . M2y
il VOEUIMES, WERMBIA S AR, B MR B
156 |
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o NIRRT 1 -m K AR AR N L (40 cell)
BB In L (CNC)

PR BERE, 7 MR R, XFREPAEBE 2 /)N

Xt detunel® N T A 0AEE N cel LEAR
Cel1#H#2135°, 2 E&BHFT133MQ/m

Electron Beam In

AR )
W W ' ‘.

/93 ‘“u.:,;;o}'a_;,.c,;:c ROKLEH K

Accelerating Structure (~1 m)

Electron Beam In

* 9m Cryomodule;

e 8x1m C3 JNiE45#

e 4 x80MW C-band klystron,
e Flat top pulse

Cryomodule (~9 m)

1 to 2




10 GeV

Parameter Unit
Note Baseline | Compact
Center of Mass Energy GeV 91 250 550 550
Luminosity x10% em=%s7! 0.4 1.3 2.4 24
Single Beam Power MW 0.7 2 2.5 2.5
Single Linac Active Length km 0.56 1.83 2.45 1.9
Injection Energy Main Linac GeV 10 10 10 10
Train Rep. Rate Hz 120 120 120 120
Bunch Charge nC 1 1 1 1
Flat-Top RF Pulse Length ns 700 700 260 195
Bunch Spacing Periods (ns) | 30 (5.26) | 30 (5.26) | 20 (3.5) | 15 (2.6)
Bunches per Train 133 133 75 75
Average Current uA 16 16 9 9
Peak Current A 0.19 0.19 0.3 0.385
Loaded Accel. Gradient MeV/m 70 70 120 155
RF Power for Structure MW /m 30 30 80 140
Parameter Unit | Value | Value
Center of Mass Energy GeV | 250 550
Temperature K ~80 ~&0)
Pulse Length ns 700 250
Cryogenic Load ~80 K MW 9 9
Est. RF Power (Both Linacs) MW | 40 58
Est. Power for Cryogenic Cooling (Both Linacs) | MW 60 60
Total Est. Power (Both Linacs) MW | 100 118
RF Source efficiency (AC line to linac) % 65 65

4 km

)
Main Linac | 23%" : R=0.1km

245 GeV

Beam

RTML Delivery

S crcumfarence (900 m)

Polarized { Damping Ring
Electron Source . 4

.................. <" Pre-Damping Rin

- 150m - )

3GeV

=]

300 m ———=

—
3GeV

Positron Source

e Low Cost RF Source

As the facility energy increases, RF source cost plays and every larger role. To mitigate
this, we can either make more efficient RF accelerator structures (at least until beam loading
dominates) or reduce the cost of RF sources. Recognizing this need, the DOE General
Accelerator R&D road-map for RF Accelerators calls out a goal of developing concepts
which will be able to reduce the current large-volume unit cost of about $7.5/peak-kW
to $2/peak-kW of RF. Many concepts are being pursued to achieve this goal [39], and
the C? demonstration facility would be and excellent proving ground for maturing this
technology and integrating it in a compatible way with the overall system’s RF-only energy
upgrade. There would be a 15 year-window from the start of the demonstration facility

construction to the energy upgrade in order to develop these concepts and transition them
to industry.



C3 5 RUXENXFEL : K)Z=RUXFEL
WL eun, /DN RITE, ultra compact

XFEL (UCLA proposal) ,
. _ photon production per pulse of a few percent of
* multi-kA electron beams, 50nm-rad normalized existing XFEL sources, in both soft & hard X-rays, less

emlttgnces _ than 5% in costs of existing XFELs, scale < 50m
» High-gradient RF cryo-copper structure w/ surface

electric fields 250~500MV/m

« Photoinjectors with 6D beam brightness over o
one order beyond state-of-art Payosiat
. S G
« GeV scale electron beam in less than 10m W) inearizar
. )]
* Inverse free electron laser-based bunching 3 m cryo C-ind ' % S Koind
. accelerating section A 5 m cryo C-band
technique Firdt ad dedong * ™. @ accelerating section
. hican: D,
 Short-period (1-10mm) undulators T el SN 5m, short period
modulator — cryo-undulator
= 10111 ol AR '
& ,E 3 Final chicanel ¥ "\ \ Experiment
2 e E = &Y \ hutch
i' 7[ Cu@45K .
= ’ Hard CuAg#3 ] Electron spectrometer = ?lg‘” b
?TQ/J:;(A]EIB:I% é‘ 10 L Soft Cu 4 1 and beam dump 5 ! fOCusm‘;m qt
BETMH |0, S N ey
& ) ar L B . . _ utc
breakdown ¢ 0} \ | |1=26eV: Lnm > 0.2mn
rate ? " :E CuAg#i ]




C*{ENCEPCELE N\ ESHIESS

B T 1nC bunch train, C° FORPUMANZELECEKE (5. 7GHz) : HATERFACEPC boosteriE NFEK

n CEPCH@E%%}F e (20-30GeV) , 1.1GeV —> 20GeVANiEA R CH B niE 45 #y: C3 S5CEPCH 4
DRIE 28 A T [F] Cp By DI R PR SRR F7 3K

CEPC baseline CEPC baseline
SOMW

Klystron Power (MW)

Length/tube (m) 1.8 1 1.8
Iris aperture(2a) ( mm) 11.8~16 5.25! 11.8~16
Connection mode 1to2 1to 2 lto4
Gradient (MV/m) 40 120 40
Total length(m) (only AS) 3.6 2 7.2
Total energy (MeV) 144 240 288
Pulse compressor Y N

Load

Cryomodule N Y N -
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B V)P SREEES . WS TR EE A ARIE I A B ) DTk B Ik
B i C3 HRXFCEPCIENSSHIEE R : JEN C3HJBEE, emittance compatibility, wakefield

impedance effects

B CHBOE TS R&D CO BRI E Wit 24 by IS
W 3 LRI R T S R
PE(MHz) 5720
Tentative work by Jingru Zhang: distributed e
coupling Acc., mmode, simple manifold, --- }H(/[F'E"E(kv) 420
Bk IR (A) 350
# tH THE(MW) 80
Bk B (us) 3
U (%) 55
BER R 200

FEITHE (kW) 48



CIREMEASTIHRE @ THEP

Frequency: 5712MHz

e LN: 77k
 Cell number: 40
 Mode: TT

Cavity optimization

Es_pea/Eo=2.16 Thermostat design
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Transverse Wake Max. = 3503 V/pC/m Transverse Wake Max. = 873 V/pC/m Transverse Wake Max. = 378 V/ng]:n
Loss factor = -14.8 V/pC Loss factor = -7.2 V/pC Loss factor = -5.1 V/pC
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g erve Beam: SR/ BT EE

: laser pulse

”, e- bunch .
proton beam SERIPYIIEER TS

— —)  — — Ez,_ mjg;l%)g 1-100 GeV/m SEERFXIEL

= Bef)

Leemans & Esarey, Physics Today 2009 RF gun Drive beam accelerator
OGS B T I U 7 AL & st

RF separator

bunch compressor e
P Drive beam distribution

:(: Beam Dehvery and IR

PWFA cells

PWFA cells

Capillary ;

Lage,
main beam -
R, e- injector man .beam
et 1mjector
Gas jet

Positron production target
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REEHEN ST RXNNFE SEREHNIRSS (PWFA)

Plasma electron lon cavity Pl

A et asma

E sheath (positively charged) (neutral)
‘ (negatively charged) l -

Trailing Drive electron
0T electron bunch bunch
A4
SR T ERESMERR A

TEZINES KANEANBTFIR, Tk “SEmEib”

- ERMANE, HEBEHHLNERE, FERRERERH
. SERWRIIME, NFEFACET-l, FLASHForward%s
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43 GeV Energy Gain
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acllity for Advanced ACcelerator Experimental Tests at SLAC (2008-2016)

35 _— B A3 .3 N A S
as b /" Self-Loaded TEFR TR HollowiBiB R
33 [—
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Soel
i ! 3
i 25 |— % g
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sa - 3 1. I 7 To ks [n] & phollow il 18 55 12 14
- £ B ey, T I Es, A iE E%ik230 MV/m;
n Ak
23 % g ’ SEIGEE R AE=5.76 GeV with 1.3 m plasma 2. K H /N AR A 1@ IE Mtrailing IF T, GeV/m
oy 4 ,t._l.. . TG R 5 FEE 38K R In e 9 v g
E LR
LIFEAITER | CASH 22 : [ l_F_ 4 F Multi-gigaelectronvolt acceleration of positrons in a Demonstration of a positron beam-driven hollow channel
e 2 yeurs e e a i R @)aded plasma wakefield, Nature, 14890.,2015 plasma wakefield accelerator, Nat. Commun,2016

Key PWFA Milestones @ FACET: Key PWFA Milestones @ FACET:
> BAEBETFINE (30%-50%) » HIREIIERTINE (self loaded)
> FREHINO GeV, REEUFT2% > IEMBERFRE
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FACET-II

Electron Beam Parameter Baseline | Operational | Positron Beam Parameter |Baseline | Operational
Design | Ranges Design Ranges

"

Final Energy [GeV] 10 4.0-13.5  Final Energy [GeV] 4.0-13.5 )

Charge per pulse [nC] 2 0.7-5 Charge per pulse [nC] 1 0.7-2 ~ i

Repetition Rate [Hz] 30 1-30 Repetition Rate [Hz] 5 1-5 o )

Norm. Emittance yexyat S19 [um] 4.4, 3.2 3-6 Norm. Emittance yexyat S19 10, 10 6-20 >

Spot Size at IP oxy [um] 18, 12 5-20 Spot Size at IP o,y [um] 16, 16 5-20 &

Min. Bunch Length o: (rms) [um] 1.8 0.7-20 Min. Bunch Length o: (rms) 16 8 :

Max. Peak current Ipx [kA] 72 10-200  Max. Peak current lox [kA] 6 12 B [ e e e R e e L e e
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AWAKE @ CERN

Fily wvapar, 10m
=11 CMem

Laser Offino plasma

Front

owmnamse « -1 LUTTETERTTERR

-

~a_fc=200ps

PLASMAX @ MAX IV
3GeV Electrons, Proposed for 2020+

MAZ IV Linear Accelerator
Exbrmction

o

Intermediate (tight) focus e I
Plasmua source can be ploced here ﬁ
==

Thasmisnte BCL @ 250 MaV

Etraction

15 GeV
"'m'" govin—] uﬂmlhr]-l@m
[ ume 50 ey ] :

Maciocathods

PIASMAX

]

7m long, 3GHz TDC cavities  Drift for TDC meas. with 1 fs res.
with polarisation control

EuPRAXIA @ SPARC_LAB or DESY
1-5GeV Electrons, Proposed

PRA A W-—

...... ﬂ S Qg 3 0o C | mEEE—- P

______ s B H 8 B H B

R F B BE F B ol E H 3 B B 3 00 24m
h

FLASHForward @ DESY
1GeV Electrons, Commissioning

450 Me' 1250 MeV

@ 5Mev 150 MeV
<)
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CEPCEHE F{4&)F A\ 25@IHEP

—— o Driven 4nC/12nC
Off-axis injection On-axis injection beam .e__ \ 10GeV . 25 GeV I 30 GeV o3
3 »
Witness ‘—
beam %3
pl11.2nC, 2.4 GeV 25 GeV / 30 GeV
Dazhang Li, CEPC IARC, June 2022
Positron Ring RF Station
Driver  Trailer -
plasma density i ( 10/%cm~2) 050334 _-
5 Driver energy E (GeV) 10 10 Trailer energy E(GeV)
o Normalized emittance €, (imm mrad) 20 10 Normalized emittance e, (mm mrad) 10
;_UI Length (um) 350 90 Charge(nC) 1.2
Off-axis Injection On-axis injection I\\S (matched) Spot size(um) 3.89 2.75 Energy spread 6z (%) 0.32
Charge (nC) 4.0 1.2 Efficiency (%) (driver > trailer) 66.0
Booster dipole magnet challenges: Beam distance (tm) 180
: ~ beem  Driver Trailer
* Field error <0.029Gs N piasma density my (x 10%%cm™?) 0.50334 . Acceleratingdistance (m) 48
. of_onc E-u Driver energy E (GeV) 10 10 Trailer energy E(GeV) 25
 Field reproducibility < 0.015Gs - —y
|| Normalized emittance e, (mm mrad) 20 10 Normalized emittance e, (mm mrad) 10
* The Earth field ~ 0.2-0.5 Gs, the remnant v Length (um) 305 80 Charge(nC) L5
field of silicon steel lamination ~ 4-6 Gs. - (matched) Spot size(um) 389 275 Energy spread 6; (%) 0.37
= Charge (nC) 4.63 1.5 Efficiency (%) (driver = trailer) 52

Beam distance (um) 184 T
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CEPCERFEANDLZE: gun, BEL&IXENNNIRES

CEPC Booster / Plasma Injector Requirement

Energy (GeV) 45.5
Bunch Charge (nC) 0.78
Bunch length(um) <3000

Energy Spread(%) 0.2
en(um-rad) <800
Bunch Size(um) <2000

CEPCE B FhyE \ 33 <8l fK -

- FEFAEINESSE5INESS I ILE
- =XKW, PEFZM#Ebooster kS
o ERIEHETFINE

o KHEE. BFHIERIIE

- NWRASHIRANESEE K. )
7359115

Driven -_I | | o
beam  GlD— Yoo -—3 10GeV 45GeV
= - PWFA [} >
. o™ FI/

Witness >|_ | a?

beam i— PWFAN —

45GeV
Target
Witness - _ 0.4 Gev —I'I-"I— _rl"j_l

beam

1.0 GeV i A " o
° CEPCHF B AT AN SRR 1T V2.0
Dazhang Li, CPS, Sep. 2019

TR SR, by
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CEPCEHEESRFTANDR: IEFBFR, ST

Driven
beam

Witness
beam

Target
@— - -

1.0 GeV

Witness
beam

IEBFR%Z, byEiE
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Windows version 8.51/15
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B~ B

wiggler

0.0 050 1.00 1.50

5 (m)

£=15.33nm-rad, 8=40m, ce=1%, L*=2m

£=15.33nmrad, §=40m, ce=1%, L*=2m

£=15.33nm rad, §=40m, ce=1%, L*=2m

CEPCEHEE FHiE N8l 1% 1t v2.0
Dazhang Li, CPS, Sep. 2019
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* Combined quadrupole + sextupole (permanent magnet)
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* Superconducting wiggler — shorter damping time & smaller equilibrium emittance
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