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R BT 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 Ay

Large acceptance (200/100) —

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

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

DeSign Particle proton Beam trips goal:

Energy 500 (250) MeV <10s, -

Beam current 5 (10) mA 10s ~5min,  2500/y

5 > 5 MW >5min, 300/y )
eam power : Availability > 90% 5

Operation mode CW&Pulse

Beam loss

Reactor power

Cryogenic

@ SC linac (® Beam dump and granular target
(2 Coupling transport exp.

(3 Target and reactor hall () Cryogenic plant

@ Accelerator equ. hall @ SRF hall

| Funding: 1.8(El#&) + 1.175(" %) + 1.0(%#%) CNY
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BNL AGS Booster 5X10° Au3?
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
IMP HIAF-BRINng 1/5X10

. i (35-45)+
® 4 -SRing 2/12X 1022 =] .
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-30 4
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Particles momentum spread deltap/p
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@ 2026.10 & »% £ #E%: >1.0n/p
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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]
BB 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’s civil construction have finished >70%

O HIAF’s hardware assemble startmg 2023 15t beam ~ end of 2025

CiADS
Sub-core

~ CIiADS SCL.
CiADS Exp. |
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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

= N mv

/<//// N
M agneﬂ(zed HEDM

‘ HI driven Diamanetism Maagneic Mirror
oY B a5 R S AT ISR M 2020

p=-E/B
Normal



P Measuring leptonic CP violation at the
second neutrino oscillation maximum
ES SHIISBﬁ E JEi, g i ' ( 1 ) with ESSnuSB

CPV
S

® ESSnuSM{2"d v & % {f 3% % CP a4k SprTTTTTTTI I e e e

14F — 360 4

14F — 360 .

104 reach 5 o over 71% of &, range ff

* reach O, resolution of less than 8° .

* determine neutrino mass hierarchy :
2nd maximum ?E ]

- larger sensitivity to 8. o N -
—180 —120 —60 0 G0 120 180 0 -

M atte r- effe CtS - matter doesn’t matter dor[’|(True) Ol Ltg(<;=|°|[ETrue;&]‘ 0T

Sensitivity for 8., = * /2:

(6cp = 0, matter)

Vu 2V,

(L =360 km) 11 0/(540 km) High precision of 5., measurement
13 6 (360 km)
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Target Li-lens  Collimator Pulsed magnet

Magnetic Mirror
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) HIAF =238 p#-F-=T1 (1n Fl ight)
' HIAF R&D 2 8- o[

® In Flight# £-$>0.95 p %+ PWFA & % ¢
BERAHE. REAZLIS DU HEARE | |
P,>480MeV/c (B, >0.96)> 7 #> X100 " } |
0 > x2-3 ) Hﬂmﬁﬁﬁaﬁﬁﬂm |
PWFAT pe it & 7 4 #h 80 Em /pu° o M
® Jo s PWFAS st il k'l 08 5t % % b
B HIRFL-CSR, HIAFS> PWFA (R&D)
> 2022-2025: ~1GEV&I0L LCHHI-PWFAMR 0
> >2025: 3.28GeV/A129Xe (~50kJ)+HI-PWFA & & "Ll i -
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Feature of Ion Driven PWFA

cceleratin

Trapped Driving
eeeeeeeeeeeeee

) 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)

» ~MHz rate quasi CW Iw H'HH-H»
@@»;F acceleratioh

p Storage ring : } —



sien of HI Driven PWFA Test at CSRe

1988 & i# Kk (~t5")

SSC(K=450) e
O0ANEY (H. L) 10MeVip) 196821'35‘%(% ‘(”;)ﬁ ) 2007 5 @ R& (a5
Ly 1OAMON 1, 1).17-S5MeVIg)1 CSRe

C=128.8m,B p=54Tm

L.Q

/ " ® ?' :. ,-' ' ’ 3 : ¥ "' —_ HI PWF ';p ﬂ.»
- * » ; Reid./
- B ’ : 1 - - . [

.-

20075 B W )
CSRm

1000AMeuIHLL) 22 2.868Wp)

> HI: ~1000MeV/A &10 12C/ppp
» Accelerate : electron, ©?
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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-_

=
Produce 2" Begams : / I
; \:‘: =
1. RIBonHFRS = [ff -
il v
| | |
2. NeutroninQ° = oa®

3.  Maeson at both sfde

) [ T T .
SRR e
_ | AN / HERECILEAEEE 3t Q
in downstream Tl LT
- - = I__|j
» Single beam - Multi- =

Beam - Multi-Exp.
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Optimizing for CW to Pulse Transform Efficient

_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 (12138U92+)
sCL 1. 6>< 1011 238| )92+ —W 5.0X10
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
oogies SN/ m

' 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 » BRing1(34Tm) - 5.5x101 3.22GeV/A 2®Bi83*, 59kJ/ppp
238 Jad+ “UT1.2 X107 3.11 GeV/u (%28U%*) 1.2X 101
50/150MeV/A I
SCL - i 3.28/3.44 GeV/u (129Xe5254+) 5 X 1011
‘ 209Rj36+ 129 p52/44+ | 209B181/83+ G § | 5.5X 1011 3.12/3.22 GeV/u (209Bi81/83+)5.5>< 1011
. B R S T MR 2022




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 CPUS) 3 pime 24 sz\gé“lélz 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" | 209Bj%")
6.5|5.5X 101 6.0 | 5.0 X 1012 >1.5]1.3X108

OFs >2.34GeV/u 129Xe#+>724k)/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 Barrii(:kﬁﬁ ~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 >§1012 >10 times 9 GeV/u (%8U=92+) 1.0X 1012

Barrier bucke —

")

.
»

0.85 | 1.0 GeV/u (129Xe>32+ | 209B{36+) / 6.5 | 5.5 X 1011 >1019.5 GeV/u (12°Xe=>*[ 20°Bi%*) / 6.0 | 5.0 X 10*2

or: 10GeV/u 120X @5+ > 1. 2MJ/ppp: Or: >9.5GeV/u 299Bi83+ >1.5MJ/
-, B it B R S AR 202




() HT AF-11.5FSSn11SR b 7% - o b 4%

Beam Proton Proton ~ 20°Bi 209Bj
Energy (MeV/A) ~2.5 9/>3.22 9.5
Nucleon on Target ~1.0x10%° 209x5.5x101 209x5.0x1012
(N.O.T) /ppp
Frequency (Hz) 14/28 ~20 10
N.O.T/(85%y) ~2.7x10% ~7x1022 >2.7x10%
fatg X Horn(Z3# %)  HIM(O%% %) HIM(® % %)
<10T >30T ~100T
5o ik No Yes Yes
& 47 At i) 2036 >2027 2032
& sk g o] & %8 ¥ (km) 360/540 ~260(JUNO) ~260(JUNO)
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~15%8 4% 6% 2 Situation of Fission Energy

Fuel ~ 10000yr. Waste < 5%,
radioactive live <500yr

H wh -
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I

100 533 Ideal System :
T *~ ADANES

Higher Utilization

1 - Breeding
g ?
104 e ‘
i Scale Demd:/ Fast
s Neutron
g Minimization

Resource Utilization™* (%)

1l al e OWHWR L — | ADS Transmu tation
. ’
( .Fuﬁ~ 100yr, Waste
- Live 10000 yr
I IHBUQQJ%
0.1

0.1 1 10 100

**Fuel Supply 1000GWe Radiotoxicity Reduction (%)
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