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BB T IoEIRERE (HIAF)

0.8 AGeV, 3X 101ppp 23835+
RGN 7 e T HIAF-1: 2018-2025

3.0AGeV, 1.0X 101ppp 1606+ Budget: 1.62(EX)+1.175( %) B CNY

>

External target station

High Energy Density Physics
Nuclear Matter study-CEE
Hypernuclear

High energy irradiation

SRing: Spectrometer ring
Circumference: 273m
Rigidity: 15 Tm
Electron/Stochastic cooling

Pricise Measurement by Two TOF
detectors, Four operation modes

BRing1: Booster rin
Circumference: 6'
Rigidity: 34 Tm iy

Large acceptance (200/100) —

SECRAL and FECR
28-45GHz,1.0emA(U3%)

Two planes painting injection jLinac: Supercondy ting linac - Low energy nuclear
Fast ramping rate (5-10Hz)  Length:100 m e structure terminal
Energy: 17/22 MeV/u(U35+45)
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Chinese initial ADS (CiADS 2021-2027)

Design Particle

proton

Energy 500 (250) MeV
Beam current 5(10) mA
Beam power 2.5 MW
Operation mode CW&Pulse
Beam loss <1W/m
Reactor power 7.5 MWt

Cryogenic

2K

(D SC linac

(2 Coupling transport
(3® Target and reactor hall
(@ Accelerator equ. hall

Beam trips goal:
<10s,
10s ~5min,
>5min,

Availability > 90%

25001y
3001y

(® Beam dump and granular target

exp.

(® Cryogenic plant

(7 SRF hall

| Funding: 1.8(El#&) + 1.175("%) + 1.0(%F#%) CNY
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JINR NICA Booster 4X10° Aud?*

GSlI S1S18 1.0X 101 3X1010 28+ 2.7THz
FAIR S1S100 4.0X 101 28+

IMP HIAF-Sring 5/20 X 1011 U/Bi 3549+ > 5Hz, 10-20Hz

-BRi 12
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Mg (2 KI{EER)

BRI 2K heat load 4.5-75 K heat load | 50-75K heat load
(W] (W] (W]
BYE 4400 4300 13500
mnE; (2 KIFHER)
BTET 2K heat load 4.5-75 K heat load | 50-75K heat load
(W] [W] [W]
ZXE 1800 1400 7000
MR (4.5 KEHER)
BITED 2K heat load 4.5-75 K heat load | 50-75K heat load
(W] (W] (W]
28 1800 1400 7000
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» 17.3MeV&7.3mA ~126kW, Availability ~ 93.6% (108hr) 3/2021
» 17.3MeV&10.1mA ~174kW, Availability ~ 96.2% (12hr) 3/2021
» 20.2MeV&10.2mA ~205kW (Beam dump ~120kW)
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HIAF-CIADS Update

Eg,: >9AGeV, 1X10%ppp U HIAF-U

* 4, Pion, Muon...2nd beam
by Intense ion beams

—_— ~10GeV, >1 X 1013ppp 12 Xe>** 5, + Polarized e, h beam
¢ B8\ ~12AGeV, >5X 10%3ppp He?* and inject to Figure “8”
l—\ ~24.8GeV, >1X 10 ppp H ring -> ElcC-1
\* B i o —

* 2. MRing: Double rings
Circumference: 273m
Rigidity: 15/>30 Tm
lon-ion merging

s N -:“ £%% -ﬂ.\ ISOL Target _y anDs-ntj .
Bt e v s g\ - o
. ) : P NI T\ —) SN 150L Target
*1-1, BRing2: Booster ring 2 B | —
Circumference: 600 m *1-0, iLinac: Superconducting linac ~ *3, ISOL RIB/B/n beam
Rigidity: 86 Tm (T,,,<3.6T) Energy: 100~150 MeV/u(U46+ ~54+) HIAF+CIADS linac
Beam stacking
Superconducting
nt TR




() HIAF: In-Flight Muon Beam - Muon Factory

>3.5GeV/c > mconverted

p- Factory 1.5/3.5GeV/c to l»li e
N o Zni bei}ms . few turn
= ,

4~25AGeV/c

1012_._14ppp

lon Beams

on target




(D) =T -F-IR 5P AG 3R AP K = 2 (HIM)

®In Flight %k & X X £, & K A =AXAX’
b R IAXTH KAXD 0 L T H K2

Ouft 4 Yo if 5 4B 54 (S100T)

) piedf /5 £ W/PbE S
rHIZEF R FELE A
7 3% & ¥o 7 4 HEDM
vd X 3°%

P HHIE x h sy, & 7 NI TLIIY
HI% % 4p Q = un 14
| Hom | HIM__
HEBXN ZE% Ok %
(¢3mm)
SR H4h ~70kAw0T) >100T - -
% A &4 y K- Magnetic Field Distribution
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(%) HEDM magnetic Property

® HEDM is Special Diamagnetism Matter
» dense plasma (HEDM) driven by pulse HIB under magnetic field B,
» Magnetized HEDM is Magnetism Matter

» Charged particle magnetic moment is opposite to B> Diamagnetism

® Magnetized HEDM take in energy from B, 2 B;;,>B,,,>B,
» Magnetic permeability p Is decreasing with E ; increasing

» Best conductor, similar as SC, but need B to maintain—>take in flux ¢
A A aﬁl :H,BO A A

DIAMAGNETIC MATERIAL

= . mv

> 1
/ /// \\

il

Normal Magnetized HEDM

‘ HI driven Diamanetism Special Diamagnetism
ol B aranweonSTER 00

p=-E/B



%) Muon Campus Overview
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» Beams from BRing and

SRing head on collision
for HEDM :
E.g = 1kJI/ppp->2x50kI/ppp

» Beam + Target in fro

i

of H magnetic ion & n-_

HAG

Produce 2" Beams : /

1. RIBon HFRS | Ll

2. Neutron nOOsf %

\

3.  Meson at both si

in downstream

» Single beam = Multi-

r_F_% % P F % T 9T 9
S v e =
T | [ T = o [ L
&‘___l_'v:-:a:—:i I 1 ‘:_l;%la_l __—ifl——‘d
A T e o s
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Beam - Multi-Exp.
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_Intense CW Beam — Transformer (HF_RCS + Storage) —— Power Pulse Beam
Compression: BRing=>SRing Accum.,,, 5 x 10" 1.04GeV/A 28U%* -19.8kJ/ppp

~1E0MeV/A 1 0 GeV/u (238U>40+) 4 times ~1.04 GeV/u (%38U9%2+)
scL 1. 6>< 101 238| J92+ —W 5.0X 10"
Stripper m
or: BngéSng Accum.;, 2.5 x 1012 1.168GeV/A 129Xe>** - ~60kJ/ppp
or: BRing->SRing Accum.,,, 2.25 x 1012 1.08GeV/A 2°Bi>** - ~ 80kJ/ppp
1.17 | 1.08 GeV/u (129Xe32+| 209Bj36+) 4 times 1.17 | 1.08 GeV/u (129Xe54+ | 209Bj83+)

~150MeV/A
Se| e 65]55X% 1011+ 129X @54+ Barrier bucket 2.5|2.25% 1012

' Heating: SCL 2 BRing1(34Tm) - 1.2x10 3.11GeV/A 28U%*, ~14kJ/ppp

or: SCLI; BRing1(34Tm) - 6.5x10% 3.44GeV/A 12°Xe>*, 46kJ/ppp
or: SCL B BRing1(34Tm) = 5.5x10% 3.22GeV/A 2%Bi#*, 59kJ/ppp
238+ #UP 1.2 X 10 3.11 GeV/u (238U%2+) 1.2 X 101
~150MeV/A
st —l BRing1 ——
129Xe32+ 344 GeV/U (129X854+)6.5 X 1011
| 200Ri36+ 129 @54+ | 209B83+ 6 5 | 5,5 X 1011 3.22 GeV/u (2O9Bi83+)5.5>< 1011
.t T TR




Intense CW Beam — Transformer (HF_RCS + Storage) —— Power Pulse Beam
Compression(SRingl): 2.11GeV/u 238U%* ~160kJ/ppp

N 238 192+
1.0 GeV/u (28U=40r) >10 times 211GEVIU COUS) 3 pime 24 sz\iulélz U)
ScL - 1.6X 101 Barrier bucket 1.0X10 Barrier bucket
BRING1. Stribper —r’ &
0.85 | 1.0 GeV/u (129Xe>32+ | 209B36+) > 0.85 | 1.0 GeV/u (129Xe>54+| 209Bjss+) > 2.85]2.18 GeV/u (129Xe>30" | 209Bi%")
6.5|5.5X 101 6.0 | 5.0 X 1012 >1.5]1.3X108

O 52 .34GeV/u 129Xe5#+>724kJ/ppp; OF:  ~2.18GeV/u 209Bi8* >950kJ/ppp

' Heatingl(SRing2): 4.36GeV/u #8U%* ~332kJ/ppp
1.0 GeV/u (?38U40%) >10 times 4.36 GeV/u (238U292+)

> 3 tlmes 436 GeV/u (129U54+)

SCL 1.6 X101 Barrier bucket 1.0X 1012 Barri% ~2 X 1012
= 1 » / \
Strippe m _ m
0.85| 1.0 GeV/u (129Xg32+ | 209 |36+) > 4.8|4.5GeV/u (129Xe25+| 209B{8%+) > 4.8 4.5 GeV/u (129Xe230+ | 209B{35+)
6.5]5.5X 101 6.0|5.0X 1012 >1.5]1.35X 1013

or: 4.8GeV/ul?®Xe>* > 1.4MJ/ppp; Or: >4.5GeV/u 209Bi8+ >2MJ/ppp

“Heating2(BRing2): 9GeV/u 28U%* ~342kJ/ppp
1.0 GeV/u (238U240+) 1.6 >f101 >10 times 9 GeV/u (%8U=92+) 1.0X 1012

Barrier bucke ——

")

.
»

0.85 | 1.0 GeV/u (129Xe>32+ | 209Bj36+) / 6.5 | 5.5 X 1011 >1019.5 GeV/u (12°Xe=>*[ 20°Bi%*) / 6.0 | 5.0 X 10*?

or: 10GeV/u 120X @5+ > 1. 2MJ/ppp: Or: >9.5GeV/u 299Bi83+ >1.5MJ/




mi1re HITA Ml we € a9mmmite af K1ab /7101_ 102\

Target  Li-lens Collimator Pulsed magnet

HIAF-p-Beam in Huizhou p Campus at Fermilab
Parameter Valm

Nucleon on target per pulse  3623*4el2  1gl4 209e13 Protons on target (POT) per pulse 102
Pulse width (ns) 200~300  200-300 200~300 |Pulse width 120 ns
Number of pulses >1 >1 >1
Frequency (Hz) >5 Hz >5Hz ~3 Hz Frequency S
Beam momentum (GeV/c) 5.097 10.19 10.23 T e T 8.89 GeV/c
2 OB {EEVHE) Sl e >3.5 Selection momentum 3.1GeVic

P Research Facilities



L Beam:

» Capture Surface p as p source

» SCL accelerate p to ~300MeV

» uinject into S/MRing for PWFA driven
by HIB

» Future for p factory or collider

3, ISOL RIB/B/ubeam  25->10MW H

HIAF+CIADS linac CW on target
Surface p /Mu-

o T
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Feature of Ton Driven PWFA

cceleratin

Trapped Driving
electrons pulse

) Energy of Driven Beam

» Laser: ~50J/pulse (high rate)
» Electron : ~50J/bunch

» Proton: SPS 19 kJ/bunch (SPS), LHC 300kJ/bunch

» HIB: HIAF-U>1MJ/bunch, high energy deposit density=> excite plasma

» lon driver: large energy per bunch allow single stage
acceleration in ultra-high(5~10GeV/m) gradient

» Seeded Self-Modulation of plasma driven by lon Beam
(beam bunch 10cm~10m vs plasma wavelength ~1mm)

v o W
@%;F acceleratio

p Storage ring : }




at CERN

SPS Proton beam

Electron source system

Parameter Protons Accelerated electrons on the scintillator screen
Momentum [MeV/c] 400000 ) 155t beam |
Momentum spread [%] +0.035 ‘ 20 Mev | : - -
X 11 -l ) RF structure
Particles per bunch 3-10 - —
Charge per bunch [nC] 48 \‘\ k Dipole Electron beam
Bunch length [mm)] 120 (04 ns) * |  =S=_ < DiPole 10 m Rb Plasma
Norm. emittance [mm-mrad] 35 _-_ e _— o
. maging station 1
Repetition rate [Hz] 0.033 B s -y .
1o spot size at focal point [um] (200 £20 — - - ‘ OTR, CTR screens
B-function at focal point [m] 5 =
Dispersion at focal point [m] 0 \\\\\-\ k‘i‘“’**’wf“f?
: K L Dipole
Electron . /\

I I. h k < : Electron bunch I]long proton bunch : Proton microbunches Spectrometer 5

Plasma linear theory: k. 0, <1  — / | y ®
. - £ o | E

Wlth O'r =200 Hm Lo E oMy Mo & X < « (-‘ 1 Laser
k -1 i i dump Imaging

pe - wpe /C - 5 mm -61 lonising laser pulse o3 Captured electrons station 2
9 npe = 7x1014 Cm-3 -25 ~20 -15 Elr;v:r?r -5 [] -25 -20 -1s “;Inal -5 []

Figure 1. Schematic layout and description of the AWAKE experimental facility, beams and diagnostics. The insert panel
on the bottom left shows a schematic of the spatial and temporal alignment of the proton, laser and electron bunch entering
the vapor source; the bottom middle panel shows a schematic of the transverse and longitudinal proton microbunch
density structure in plasma (after the self-modulation process saturated); the panel on the top right shows an experimental
image obtained by the spectrometer camera, for when electrons were accelerated.

- TR




15t AWAKE Experiment = Milestone

Results: Direct Seeded Self-Modulation Measurement

Marker Marker Marker Marker
Laser Laser Laser Laser

Pulse Pulse Pulse Pulse
4 o0ps 50ps 50ps
-

31 Bunches!!!

ollaboration

P. Muggli : ~G,/c~200ps

F. Batsch

* Effect starts at laser timing — SM seeding

st H
* Density modulation at the ps-scale visible 9 1 AWAKE Milestone reached
* Micro-bunches present over Iong time scale from seed point AWAKE Collaboration, ‘Experimental observation of proton bunch
* Reproducibility of the p-bunch process against bunch parameters variation modulation in a plasma, at varying plasma densities’. Phys. Rev. Lett. 122,

s ; g o 054802 (2019).
* Phase stability essential for e- external injection. -

ol s B ATEMEORBTER 0




B2) Seeded Self-Modulation Results

Seeded Self-Modulation Results

Short laser pulse No plasma

Wake potential

protons

Xp = 1.2 mm

s Second half of the proton bunch sees plasma

‘ A. Petrenko, CERN
>

SSM align the laser pulse to long proton bunch (>>A) in plasma (time & space)

et T




Run 2

AWAKE Run 2

Goal:
Accelerate an electron beam to high energy (gradient of 0.5-1GV/m)

Preserve electron beam quality as well as possible (emittance preservation at
10 mm mrad level)

Demonstrate scalable plasma source technology (e.g. helicon prototype)

RFQ'-"\. etheamd~100s,BA60MMeV)E2

Laserf

Optimized® >10mBplasmald

AWAE—

e

CERNV

M
L/

= Freeze the modulation with density step in first plasma cell

= For emittance control: need to work in blow-out regime and do
beam-loading

= R&D on different plasma source technologies

e(n) 0.1~1GeV/m

eBpectrometer?
eT@mittancel
measurement( 0

SPSE
protonsg

SSME Acceleratlonlz

Proton@

beam(®
dump@

Proton@iagnosticsl? )
BTV,0TR,ECTRE Laser(®
dumpt

E.AdIIHAWAKEZollaboration),APAC2016@roceedings,®.25574WEPMY008)2

2013 2014 2015 2016 2017 2018 2019 2020 2021

2022 2023 2024 2025 2026 2027

23D IDIIIDIDDD

Run1 Run 1 Run 2
Preparation

Preparation

Run 2 First application




%) Desion of HI Driven PWFA Test at CSRe

1988 i i Ik (“t5")

SSC(K=450) a_gm
000NV {H. L1 100MEVip) 1965;5,%3! ‘[”;)ﬁ ) 2007 5 i W (u5t)
L 4 10AMeH M, 1).17-35MaVio) CSRe

C=128.8m,B p=54Tm

2007 ER M 05

CSRm
1000AMenHLL), 22 2.8E8Wp)

e i ' 4

3 _Ji '._»c'_"- T l%s

oy S

> HI: 250~450MeV/A 8Ke, 129Xe
> Accelerate : electron

s R AR ORI



® HIAF’s civil construction finished in 2022
rting 2023, 1° beam ~ end of 2025

"\ _L "". # ’f’ ¥ :
\ CiADS .
Sub-core

CiADS Exp.
LowE ISOL/pn &







JINEE

v ~2027 (4£4k):>10MWs (A A A BB S Kik)
>10 X p campus
v’ ~2032 (#4): >10%2u/s (2 ¥ £ 8 ) >100 X p campus
B CIADS: (44 #¢ &)
v ~2028: 25MW % % % |
v ~2032: >15MW % % % ]' REFTR
B HIAF+CIADS: - PWFA (& Mo ?)

> & ARAOPWFA> R 4%

> AERBS %
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