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High Intensity heavy-ion Accelerator Facility (HIAF)

2018-2025, Equipment costs = 1.4 Billion CNY

» Fast ramping heavy ion synchrotron with 12 T/s, 3 Hg
» Deployed over 450 diagnostic monitors and 1500 electronics

< B

L0

L0

HFRS: Radioactive beam line
(High energy FRagmen eparato

L\

Spectrometer ring
Circumference: 273m
Rigidity: 13-15 Tm

Fast cycle ring

Beijing 7, nJakEz
Circumference: 570 m @ -
Rigidity: 34 Tm HIRFL/Lanzhou . o
12 T/s, 3 Hz ©) : N
- ‘ N Al — A’ HI'AF/Huizhou"“' ;
\‘«/ . oy WEEEREERRL Y s I Hongkong
\ and irradiation terminals
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B High Intensity heavy-ion Accelerator Facility (HIAF), the key design parameters:
SECR iLinac BRing HFRS SRing
Length / circumference (m) - 114 569 192 277
Final energy (U**/H2") (MeV/u) - 17 /48 835 /9300 (P) 835 (U”?Y) 835 (U”?Y)
Max. magnetic rigidity (Tm) --- --- 25 15
Max. beam intensity 1x10'pp
1.771  C 1/06 )i 0 FYY Ny . 1010 L2
(U*/H2") (emA) @) 2ppp (P ppp (U™)
) fast ramping Momentum- DC,
Operation mode be CWor pulse (12T/s, 3Hz) /| resolution 1100 | deceleration
Emittance or Acceptance +30mrad(H)/£15| 30/30, 1.5%
+ 0 0
(H/V, m:mm*mrad, dp/p) 3/5/20.2% | 2007100, 0.5% mrad(V), £2% | (normal mode)
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B 2025.10.27, DCCT sees the first beam accumulated in BRing, 2h after SC-linac injection

B And the beam successfully passes through all the 2 km long beam lines within 16 hours

HIAF:BR:BD42DCCTO1

SEEECIE(100Hz) | FhissER#giE(1kHz2) HR(10kHz)

BRing &%t

TTTTTTT

Science journal reports & says:
Heavy-ion Accelerator Fires Up

!

IN OTHER NEWS

Heavy-ion accelerator fires up

An accelerator that will produce the world’s most intense pulses of heavy ions
generated its first beam on 28 October. When fully operational, China's High
Intensity heavy-ion Accelerator Facility (HIAF), nestled among the mountains of
southern Guangdong province, will send pulses of exotic, short-lived ions

into fixed targets or into a storage ring to support research on the properties

of atomic nuclei and how stars forge heavy elements, as well as material
sciences and biomedicine. The research center, which joins the ranks of similar
facilities worldwide, represents a $420 million investment by the Chinese
Academy of Sciences'’s Institute of Modern Physics. Institute officials say HIAF
will be open to foreign researchers. —Dennis Normile
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Mission 1: Three beam commissioning to meet the national acceptance indexes (red terms in table)

Mission 2: Accomplishment of 6 terminal experiments to pass whole accelerator tests @ 2026.07

Based on the original national

Design Index Commissiong Index _
approval document and index
National acceptance
Ion species Energy | Intensity | Energy | Intensity P50 Je I 2% B 2 3 P
(GeV/u) (pppP) (GeV/u) (ppP) WENSEERNE
[#5]
O 2.6 1.0x10™ 2.5x101 E=Sal
Non-metal g IR B Y T 1
beams 18()6+ 4.25 4.299 \/ | e SR 9) RV )5 A it
18()6+ / T8I 19+ | g [l P TR PR
OF/PKIT aggpaoe 1.7 | 7.5x101
Metal beams | 200p;31+ 0.85 | 3.0x1010 3.17x101

209B31+/238J35+ 23835+ 0.8 3.0x1010
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Acceptance beam commissioning Step 1:

1806+ 2.6GeV/u 2.5e11 ppp @2025.12.12

#® BDDCCT

HIAF:BR:BD42DCCTO1

{E=EdR(100Hz) | RiE==sER(1kHz) | FiEsSgai(10kHz)

Current vs Time

125000
100000 f
=
<
= 75000 f
=
5
3
50000 |-
25000 |
0
0 50 100 150 200 250
Time(s)
2025-12-04 09:48:33.1 54588927 (CV time of the late st frame)
RawData HEE  HNRE | EE0RE | TREE
Current_u
is 0.00225 - prsHEst i
9 0.002 A TERT 0 EERNSE [78Hz
4 g
2 0.00175 & B2 | 200mA 200mA
B B .
3 0.0015 = Voltage_V mE -0.005 | v
0
0.00125 MEAE 0.002| v 57| uA
5 |
o 0.1 0.2 03 0.4
Time(s) Sz 3000

2025-12-04 09:48:33.154588927 (CV time of the late st frame)

BD42VS03CCD | Camera | Camera connecting (10.10.45.178), please wait...

B 2025-12-04 09:48:32

—
BT E99r Wio9r

Acceptance beam commissioning Step 2:

209B31+ 0,85GeV/u 3.17el1 ppp @2025.12.27

HIAF:BR:BD42DCCTO1 | 155738 73.25 mA |FFmAE 11.84 uA
{EEEER(100H:) | shiEsssiR(1kHz) =EERE0R(10kHz) | FiaisE
Current vs Time
70000
60000 F
50000 F
2
£ 40000
é 30000 F
20000 F
10000 F
o i i H
0 50 100 150 200 250
Time(s)
2025-12-26 18:25:19.836271058 (CV time of the latest frame)
HanDats HFsE | HNRE | BRE | TREE
Current_uA
10 AR, e SFSRHS |0.8ms
. s s BEEERS | 250.000 | ms EiRIEE 78H2
g ol U} i Y | — e 1 242 [200mA 200mA
¢ 0.00125 é
3 Voltage V B= -0.006 |y
10 000 IS 0.002 vV 11.8|uA
0 o 03

Time(s)

2025-12-26 18:25:19.836271058 (CV time of the latest frame)

BD32ACCTOTDEBASELINE | CalcBackground | origin_length=1000, baseline length=0"!

SrgErE | 3000

=
=i (SO WESEE

@) 2025-12-26 18:25:18
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€ Acceptance beam commissioning Step 3: 306", 4.3 GeV/u, @ 2026. 7. 18

Stahl high Z amplifier
o
&.‘ ) R
'y ol
4 : L\
52 ' FSVR7@Rohde&Schwarz '\ (&
A siil Schottky pickup + &
%, Spectrum analyzer jj
: i;,[ ‘.r ‘-‘. ) V&;‘e I .Ill
= lﬁ}:‘»ﬁ{u"—-, 'Eq,ar-'\*”\ﬁ '

Y !

Capacitive Schottky pickup mounted in the BRing extraction point
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Test system

Test items

Status

Accelerator 11 subsystems including 2025.11.21 \/ HIAF ﬁnlShed all natlonal acceptance teStS
subsystems Beam Instrumentation Accomplished v
rcoutorater 1. Typical non-metal beam'%0 I with some highest intensity in similar facilities
beams Accomplished \
(SC linac 2.Typical metal beam?*Bi31* 2025.12.27
+Injection line Accomplished
: 12 | c e .
FBRIng +HERS* 3 fighest energy beam!$0¢* 2026.07.18 107 ¢ HIAF early commissioning
SRing) Accomplished :
1.Low energy nuclear structure 2026.05.24 )
11
Research spectrometer Accomplished oy 100 F Mg Ar
2.H. . . . . . —
1gl‘1 1r%tens1.ty.10n bear‘n 2026.05.24 9 Kr Xe
. material irradiation terminal Accomplished \ e .
Terminal S 410 Ni A
experiments  3.High energy FRagment 2026.04.28 ° Sm 1. AuBi
(6 terminals Separator line/HFRS Accomplished % p a
constructed 4 External target experiment 2026.04.28 o . I
already on the terminal Accomplished 10
stage-1) P SIS18 records @ 2022
5.Electron-ion composite 2026.06.28
resonance spectrometer Accomplished . | I | I | ISIH I | |
10 : : ' : :
6.High-precision ring 2026.04.08 0 10 20 30 40 30 60 70 80 80
spectrometer/SRing Accomplished Atomic Number
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v" 1. Isochronous synchrotron (SRing) + Resonant Schottky pickup + Spectrum analyzer

achieving the highest resolution (5.8E-8) mass measurement for short lifetime like 2°2Au

e, Resonant Schottky of high Q ~ 1E4 Resonant Schottky for the single
M”’T’“ N\ and designed by BI group G,Y, Zhu particle determination in SRing
‘ rgi}\ ;
d/ ,,;{g;y’f/”'lsochronous spectrometer
& L Circumference: 277m

Magnetic rigidity:2-15.7 T.m |
Vacuum max:5E-15 mbar T

T

X

204 A 178+

=

205’Hg78+
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v' 2. Isochronous magnetic rigidity synchrotron (SRing) + TOF spectrometry
first time finding a new nuclide '5*Hf by synchrotron in 12 hours experiments

82 - o o
Mass Precision Science Bulletin
I stable nuclides New isotope (15°Hf) . . 153 L. L.
UNEDF1 prediction Discovery of isotope “Hf near the proton drip line via isochronous
Nuclei with known mass 5l . : .
- . ' mass spectrometry: extending the nuclear landscape with HIAF
MNuclei with unknown mass (AME extrapolation)
o Hongfu Li?, Min Zhang®, Hongyang Jiao®, Xing Xu®®*, Chaoyi Fu®**, Jinyang Shi®®,
S Qur work (measured for the first time) L E Jiahao Lv#?, Xu Zhou?, Yuanming Xing®?, Mingze Sun®, Yuhu Zhang®?, Xiaohong Zhou®?,
0 50 - - HIRFL-C§Re1§31} . - Yury A Litvinove?, Qi Zeng®, Wenjia Huang/, Min Si¢, Peng Shuai®, Houyu Hu®®,
e E ::2?22'”9 _15al:?4|_f'femnt? " = Xinliang Yan®?, Guodong Shen?, Jic Liu?, Lina Sheng®, Weiping Chai®, Fucheng Cai®,
= “oRing = seding Geng Wang?®, Wenwen Ge?, Hang Ren?, Youjin Yuan®®, Jiancheng Yang®®*, Shitao Wang®®,
< Xueheng Zhang®?, Meng Wang®*" and Zhiyu Sun®®*
[ e
o “State Key Laboratory of Heavy Ion Science and Technology, Institute of Modern Physics, Chinese Academy of Sciences, Lanzhou 730000, China
3 2School of Nuclear Science and Technology, University of Chinese Academy of Sciences, Beijing 100049 , China
| - 28 i - ©GSI Helmholtzzentrum fiir Schwerionenforschung, Darmstadt 64291, Germany
& N I 4 [nstitut fiir Kernphysik, Universitdt zu Koln, Kéln D-50937, Germany
“School of Nuclear Science and Engineering, East China University of Technology, Nanchang 330013, China
20 N Predicted : 7000~9000 fAdvanced Energy Science and Technology Guangdong Laboratory, Huizhou 516007, China
Discovered : ~3400
8 Mass known : ~2550 ARTICLE INFO
< 100 keV : ~2400
2 _ Article history:

T T Received : 18-May 2026

2 8 20 28 50 82 Reved 08T 2
Neutron number i
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( SECR ()—( LEBT ()—( RFQ ()I( MEABT ()—( OQOWROO (

11 CM@81.25MHz

O.8MeV/u

CM Gap 0.5 m

Position/Device LEBT&

MEBT
DC&AC CT (MPS) 1+3
Capacitive BPM 5
(MPS)
Cold button BPM -
| ’ (MPS)
- Copper bias
‘.\ HV blade Slit & FC 1 Allison
. - 4 Slit+1 FC
i Brick scraper/ 4(Brick)
Halo ring (MPS)

Wire scanner -

R , ‘ S [ FFC 1+1
‘;{ : | P E BLM(MPS) ;

24

5(Ring)

CM gap CM 015

1(Ring) 11(Ring)

1(H&V) -
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Issue 1 S Local Background Subtraction (Edge Ratio = 15%)
Raw Signal (Range: -6012.3 ~ 6853.2) Local BG Subtracted (Range: 0.0 ~ 11912.6)
. . ° 0 ° 12000 .
e  disturbance by slits for emittance measurements under nearly 1 mA an. Minus signals BG by e- After BG subtraction
10000+
Even happening in another direction when it is not literally used o 3
3 so00-
. 200} H
Solution: By offline data correction for accuracy phase-reconstruction i 2 o}
¢ ; ¢
t I p
. o . . . B [ g b i 5 4000 -
Plan: Collector shielding; Bias-T amplifier; Magnet field suppression... “ L :
-1000F ‘ | | 2000~
o o™ o -t r 4‘ i
ool L ] o LI L e
HortZofital Extittafice Measreimen: Result ¢ Wm0 30 Wl S0 e 7 ¢ W W0 000 W0 S0 e 7
emitl=3.41e+01 (n=6.40, £=5.32e+00), alf1=-0.4682, bet1=2.2318, pct1=0.9500 it it
emit2=3.18e+01 (n=6.40, £=4.96e+00), alf2=-0.5788, bet2=2.3842, pct2=0.9385 RaW 5\gna| byDST\:: (P:“‘;;":::kg ou nd Iines) ana‘ B[;:t;::t:talcntf; by Sllt
j’_ 100 Status: Converged 1e-5
- “ i : —S\?t:-lﬂ-ﬂ 0 —smz-lt-n
100} ot ’ et
e slt=4.0 slit=-4.0
] 1, 0 — =20 6000+ — =20
: = ] . ya y - 1000} Esuuo-
l O : mg ol B e
B 344§ a 2
|| i i 258 2 s} :53”“0'
) . 5
G N . b
~— — | Method: Local background subtraction per slit scan
4—w oo . -5000 Edge ratio: 15% (points Ugéd) from each edge)
e 6000+ Rafige: [Rraewegtaa,: a§53.2]' =
31.76mTtmm - mrad @95% T R T R R T AT T e Y B T T R TRR T
2nd Slit With a sawtooth 176 Wire Position (mm) Ran;eruc?ésé? 5?3%?2:‘5] Wire Position (mm)
- Mean: 313.
collector for the x° ya Ermsn = . 0.042 = 0.22, B = 2.38, a=-—0.58 flon-zero: 37.8%
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Issues 2: LEBT ACCT (yellow) with EMI from RFQ

EMI problems to ACCT or BPM near RFQ

Solution:

Change connectors like BNC by screwed one;

Tin foil shielding for analog amplifiers;

BPM used in 2" harmonic acquisition...

Issues 3:

Pollution problems among SC-cryomodules, decreasing cavity performances deadly
1. From interceptive monitor like wire scanner (0.1mm tungsten) and halo ring (pure niobium with water cooling);

2. Main reason is vacuum leakage happening one time between CM06 and CM07 when installed and cooled down inside tunnel

Solution: Reducing the usage of destructive tors; None vacuum leakage is accepted for SC cryomodules

By the way, halo rings work perfectly to scrap stray particles for cavity safety, with normal few pA ( around 1% of total current),

and cold BPMs work stably with semi-rigid SiO, cables inside 4K CMs for the orbit corrections and cavity phase scanning.



®
e e e e : IBIC
o~ <HIAE Layout in injection-line '"m.— Page 15/34
o < IMP > =
O Institute Of Modern Physics
S BPM == SLH/V
Injecting ® iy * s
A = point O BoM - IC
Q’)\p - ar Emittance iLinac
£ | Transfer line 2 (140 m) Transfer line 1 (114 m) end
&) < »le >
®o>/ oN | L
%‘@.- .*’-!_J:: it ‘.'-H e = 2 & ’.: ‘o s *» e ! .'='= D
4 ' o 20 £ = T1: CW operation power can be up to 115 kw!!!
CW mode, 238U46* F e e s | . .. .
nterceptive FC & VS used under limited condition
lemA 17MeVu & § af‘( / \~
Parameters Device/Position Transfer line 1 Transfer line 2 Transfer line 3 Terminal 1
Current ACCT(MPS) 2 1 1 1
Position, phase = BPM(MPS) 5 6 2 7
Emittance H/V, Slit 4 0 4 4
current, dump
FC 1 1 1 5
Profile Scintillation Screen 4 6 5 5
Beam scraping  Scraper 0 8
Energy spread  Slit+FC 0 1
Beam loss BLM Scintillator(MPS) 6 5 3 6
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/ -10.51 pC _-5.06 g
4 -5.47e+06 —
¢ / eticTol o— 6IvsT2
_ o = i
— m 1 61VS08 - e
oy OO OIS —:’—\.".L_

( ovsez
} ¢ o BRing Device
; 1 51vs03 BPM, interlock, closed orbit correction
-2.18 pC .
1.13e+06 o ICT, (fast extraction)
“sticror BLM, interlock
518PMOT. - .
e Scintillation Screen
B swsor

(profile, injection/extraction)
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Case 1: FC/Wire Scanner/CT... work with 6 magnitude range IV convertor and self-test design online for easy maintenances

1. Detector like FC with 2 signal cables out; 2. IV can be remotely changed for range and status; 3. Self-test pulse generated in IV

Case 2: EMI problem in FC from 50 Hz HV source happens, and is finally solved by a filter inserted the HV cable route.

T ==
I/V convertor Mode Current | Noise HIAF:BL:BD31FCO1  EBj7ifE: 0.00uA
Bandwidth Range Level | o & & — ' | | M , m B | om
Full bandwidth T ey
DC- /Low noise mode; | 10 pA- | 3pA,, g '
700 kHz Self-test/ 10 mA S ——————— e O
Normal mode — ey Sigrai tac C
;

A 1 A
Signal Length
08 08
o Signal Noise Start
s €
g% o4 3 Noise Length
2 2
=704 04 § Noise Offset(V)
02 02 Filter Moving Average
. — Raw) OFFSET A
0 200 400 600 800
Poi

K

ints

2025-06-11 17:50:53.397000000 (local time of the latest frame)

BD42DCCTO1PLC | CVLink | Client 10.10.8.61:5924496372249647533 is disconnected! EE o 5 20250611 175053

I/V convertor tested with 3 pA,_, in lab 1uA, 25ms test pulse from I/V convertor
6/12CHs 20Msps sampling units with MPS and 6 magnitude range with remote control to check whole chains in real-time online
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15 4
Case 1: Severe nonlinearity issues in position measurements for capacitive BPMs in linac
10 4
Solution: Using polynomial fitting implemented in FPGA to rapidly calculate the position 1
0-
Wire scanning calibration to map and verify the fitting parameter’s accuracy =l
Case 2: Using BPMs and splitter for both the oscilloscope and electronics phase in TOF 7
-15 4 X
Oscilloscope works to verify the period N, and BPM phase allows real-time energy displays — — S
-15 -10 -5 0 5 10 15
PLC wire position Raw position data
leabeudlL BN [0 HIARBLAD31BPMOI04 - 0 X BPM electronics
7 HIAFBLBD318PM0304 | 136X @24+  Energy 16.07 MeV/u Pulse generator e BI
PLC + driver gga i /
136Xe24*: 16MeV/u, 171ns, @9.44m,| | = CoM‘J
to deduce N=33 @22.8m for BPMs | . [ ' oo
ﬂ 16065
e \ I
0 10 m1m5(s) 20 25
2026-08-27 11:01:04.620000000 (CV time of the af
m Energy-Setting | Formula | N number
Phase TOF(ns) 414.83| Phasel(degree) 8.26
Velocity(mm/ns) 54.98| Phase2(degree) 91.53
:z requency(MHz) 81.250| DeltaP(degree) 1.000

22807.870| InjBeam Name0 136Xe24+

@« Point| 17 Length 67

ﬂ‘l Offset(ns) 0.750 iz

EfBl(points) Threshold 1.000 E 931.494
| 2026-08-27 11:01:04.620000000 (CV time of the latest frame)

RSN HERR  FENE BEIE SHEE [ESEExehongmings 2026-08-27 11:01.04
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Issue 1: Poor SNR in emittance measurements probably by the slit misalignment

x'(mrad)
(=]

Phenomenon: The SNR in X 10 times less than Y, showing unexpected halos in phase

-5 0 5 10 15
x(mm)

Check 1: Using an upstream view screen for checking and indeed confirmed it Measured emittance with stray halos

FCOL-Y

HIAF:BL:BD31VS01 e HIAF:BL:BD31VS01
1A st A m

xxxxxxxx

100 200 300 400 500 600

RIMB KT —Ik4E SLITOL/H [R7E vso1 ERRIR SRR B 8 — JsE SLITOL/V JS7E VS0l _F iR

Bad SNR in X slit +slit +FC emittance measurements and Y is normal VS indeed confirms less beams through 15t H slit than the V one
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Check 2: Geant4 simulations are done and confirm the slit alignment is critical especially for intense heavy ion beams,

which means that the slit has to be installed strictly orthogonal to the beam pipe.

Solution: 1. Remount the 1% slit with errors <0.3mm; 2. Change the 2"¢ slit+ FC to wire scanners for higher SNR

X X {x>=-308&x<=15}

80000 teoun -

70000 14000~

60000 é 12000 —

80000 %_ 10000 —

40000 8000

30000 6000 —

20000 = 4000 —

10000 Pl 2000 — B L

obL I S S S I oz.rﬁﬂ.—f’f—... I e S
~300 ~200 =100 0 100 200 300 30 =20 ET 0 0
X X
Slit position vs X/1000 (1-D stacked) Slit position vs X/1000 (1-D stacked)
o 004 -
g 14000 g W -
R R
12000

0
i s 0
Slit position [mm] Slit position [mm]

Slit structure used in HIAF injection line Slit is absolutely orthogonal to beams The slit rotates 2° with beams
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€ Thin ceramic for high energy transfer lines, and powder coated target for injection line

1. Darkening happens in center area with more beams; 2. White noise occurs in cameras inside the tunnel

WA b‘ sk

/2 HIARBL:BD31VS01
Safe for regular use!
7

HIAF:BL:BD31VSO01

 BE8

HuLem
{ 1000001
+ Hz
22 ) di
& A
L ff
a+ 0
Profile
R
! -
§
s %2 (i
20 Y 0 0 2 RA IR
W) Profile @iz Average Levenas

o
Qi)

153156 331040431 (CV time of the latest frame)

2006-00-28 1531563010404 31 (CV Sime of the lateost frame) 20060821
W WLLAD RIFHO3Y wmIn EE Gk m‘_] 2026-08-28 15:31:54

Thin ceramic sheet VS suffering severe camera degradations

Coated powder VS darkening after a long-time beam shooting
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*» Extended optics route acquisition designed in high adiation region for a longer life

¢ VS is practical for the commissioning like weak slow extraction or fast bombarding

HIAF:BL:BD51DUMPO1

& VS sees beam shooting
lat fast extraction dump

& HIAFBLBDS51VS01 = 0 X

HIAF:BL:BD51VS01 B
; o ™ %ﬁ Stk
‘ Safe for regular use!
#aRss
@ T
B
@ | m e
e AR
g
BREATIE) 50000 50000 us
i 10.0 10.0| Hz
b 0.0 0.0 dB
Y Bl |off Off
. E{ 3
S can still see the wea i 2160
st off off
-y 0dig 0 0 us

me MV-CS004-10GM
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» ICT for the particle number and extraction efficiency determination.

> Big capacitive BPMs (300 mm max) for single short pulse monitoring

HIAFBLBD51ICTO1 EBfE  52.27pC B 6 fuFs 5.44e+07

610 ]
o
510 - ‘ \W_A,A‘
J \ ; i
3 ‘ [ ! ‘
5 30 ‘
|| |
1 f
- = = / —J AP J
o 5 15 20 5
B
2025-08.07 1771270600000 lcel ime f theltst frame)
CALC |ADC RAW Calc | ADC | Options COE | Node
Ao s Output Polarity  NoInvert  No Invert
& ChargeSel 1opc  10pC
03 i CalibrationPolarity =~ Positive = Positive
3 —/\ Calibration Enable @ Enable  Disable
02 o
. A i gain  40dB  40dB
— rodutnt
000 00 060 T
Point
2025-08.07 1772705000000 focal ime f the st frame)
e AT L e e e e e e e~ - L I N B v ooy

ICT for fast extraction current and efficiency monitoring

® BDS1EPM
Bunch by Bunch | ADC Pick-Up Data = Slow Acquisition | Advanced Options

RawData (Pick-Up)

HIAF:BL:ED51EPMO1
SRing All BPM Settings (1)

In/A SRing All BPM Settings (2)
Injection Frequency
1560 0425241 | MHz
0425241 MHz
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BPM single pulse position measurement during fast extraction
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» SC/IC/SEIM...

for slow extraction current measurements

» MIC with gas for slow extraction profiles

‘ IHER | FUAHIE | BuEG

; (%) 66.88 HIAF:BL:BD51SXIMO01:SEIM

fFd  1.79e+08

EAHER
= BE
Current N e
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0 5000 10000 15000 20000 25000
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2026-04-08 23:39:20.858000000 (local time of the latest frame)

SEIM & IC for current in slow extraction
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Slow extractions
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HIAF:BL:BD51BMICO1
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MIC for profile measurement in slow extraction

Ravbata HIAF:BL:BD51SCO01
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SC for weak current in slow extraction
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BPM, interlock, closed orbit
correction

DCCT/ACCT

IPM H/V (profile)

Schottky H/V

Exciter+Schottky H/V (tune)

Wall current monitor

BLM, interlock

Feedback PU H/V

Feedback kicker H/V

RF knockout kicker, slow extraction

Scintillation Screen
(profile, injection/extraction)

Faraday cup

Collimator

Emittance measurement(slit+grid)

HIAF
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BRing Device

BRing BI layout

' IBIC
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Number

Current vs Time

Current(uA)

i® -957.23 uA

1
1.5
Time(s)

CECEN PN B
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BRing Device Number —

BPM, interlock, closed orbit
correction

DCCT/ACCT

IPM H/V (profile)

Schottky H/V
Exciter+Schottky H/V (tune)

Current vs Time

Wall current monitor
BLM, interlock

'
7.5
Time sequence

Scintillation Screen
(profile, injection/extraction)
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EMI issues in Rings
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Issue: Noise comes from water cooling pipes into Collimators, which are designed to improve the dynamic vacuum

Solution: Changing water cooling into air cooling can decrease to 1 magnitude less around 100 pA

Other EMI issues in WCM/DCCT... are correspondingly solved by E/M shielding for circumstances

In addition, a special ACCT and BPM at the injection point are used when beams are injected to BRing

:C HIAF:BR:CM43HI03

HIAF:BR:CM43HI03  EB7(E:

Current vs Time
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» Self-developed over 20 kinds and 1500 sets electronics for HIAF including Ring BPM electronics
» White rabbit + Self-calibration function + 2-stage controllable amplifier to satisfy 1E6 dynamics

& BD41BPMO1

RawData (Pick-Up)

ADC Pick-Up Data Reference Bunch ITG Wnd | 1IQ & BA | 1Q_10s Accm | Bunch by Bunch | RF Data & Settings | Interlock

AAAAAAANN

ADC Counts
o

BBBBBBBBBBBBB

Front End Amplifer

Amplifier (net) Channal Set
Amplifier (fib) CHA (in) Pass Through
CHB (Up) Pass Through

CHC (Out) Pass Through

BD41BPMO1 | CVLink | Cli¢ | cip own [pass Through

Time(us )

-BR:BD41BP on
21 S-Na-n4 21 4 ar7nONNAN (e~
Update Time 05 Operation Status | Remote Ctrol

0.6

yvvvvvvv

1
ADC Threshold 30000 [ 30000| ™~ [l vv [l ocutr [l oown

et)

— InfA

Up/B

Down/D

Middle Amplifer

Channel Set Set Back Read Back

CHA (in) Self Cal _ _
CHE op) 20 dB

cHc©w  [20 dB IEEEEE SO
cHD ©awn) [20 dB ENCONENN  EESOEENN

Customized Ring BPM electronics

10MHz self-test signal from 2"¢ amplifier A to B,C,D
To check if the PU-cable-amplifier-electronics status
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> RF generator + 1Q modulation + SFP transmission for 1 kHz BPMs data for orbit correction
» Measurements showing orbit errors effectively decrease less than 1 mm after orbit correction

m—————————

. - ~——
- ~—

e,

~.

o | ~,
s ‘:\ .\E/Co rrector .

g .y
..................... 2o SFP data .
* transceiver/receiver [& ‘\‘

,1" upload /I\ \]/download Q/ /(\ ‘\,“

H BPM corrector
i dhoesE %data buffer| |data buffer|

) T

Correction calculation
at a given corrector

s BPM module L

™,
~ -
S o
- -
~—— ——

i
RNy

e | Correctoa—‘ .
| BPM t{‘?}‘ICorrectorl |Corrector|:<"j BPM |

BPM&Correttal
data. .

| Correcto;l‘ ’
b

Data share by all BPMs through double-ring SFP link,
coordinated with close orbit algorithm and magnets

7EEE
— R
10F Measured orbit

FE)\?ﬂ_-.*ﬂLE.
Reference orbit

<>
S
=
<>
{,;
[3
<

Sl EEhE

2025-12-09 20:53:49.903000000 (local time of the latest frame)

Error 2 10 mm between measured and reference orbits before correction

KFEIE
. PMELE
o Measured orbit
3t
A
c A\
] o 2\ - A - Refe ré\in)\cﬁﬁit
= N N\ /Y 4
5k of \
Y V 3l sEE
10
a 10 20 30
BPMFES
2025-12-09 21:05:19.901000000 (local time of the latest frame)

Error < 1 mm between measured and reference orbits after correction
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» RF-waveform generator + White rabbit timing to achieve automatic PLL without RF reference

» Turn-by turn orbit makes real-time monitoring of beta oscillation, emittance and tune possible

| Trigger 1= ppS§
Controller

' Frequency |—

_________________

b

DDS

'

Phase ‘

Window(PAW)

Phase Aligned Integrate Window

Tnggerﬂ I'i Injection 4’| J_U* Capture 4|‘7 Acceleration 4{

) Tlme )

///% i

ISTAP ISTPP

Automatic PLL during injection, capture and acceleration
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=
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8

=
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‘n"" I '“Ww'r‘ '*'\H\u | '\"'i'“ | " e
L 1 L | L L | N | . | ,(a)
0 50 100 150 200 250 300 350
Turn (n)
Horizontal
! }
M’ |\H "I" i H|1|||" iilpiipesere
Sy
0 5[] 100 150 200 250 300 350
Turn (n)

Time(s)

B oscillations during injection process

Horizontal

Normalized Frequency

60.90

46.80

32.70

i~ 18.60

4.500

—9.600

-23.70

-37.80

-51.90

—66.00

Tune monitoring by turn-by-turn data



/7 <HIAE>  Ring IPM applications A=

o \) Institute Of Modern Physics

v 5 IPMs with optics acquisition work well for profiles fast up
to Sms in orbit/size monitoring during operation and e-cooling

€ 128 channels with 64 Msps electronics under tests for fast
turn-by-turn profile measurements for future machine up

wwt 0L

y \;,. A 2 A L
Optical IPM system view; Fast IPM with multi-channel anodes and electronics

1800
“31600
514001

512001
) ]
#1000
= 8004
& 600
§ ]
£ 400
— 200-_

T 4 T ) T ¥ T | T
=40 -20 0 20 40
41IPM/Y Vertical orbit (mm)

Profiles during injection, capture, acceleration

BDB1IPMOTY

JeREESprofile . CCDSEREE(R

uuuuu

RIS )N 0 DR 65535 EEEE SR i

—

mmmmmm

Profile variation during electron cooling cycles
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» WCM developed with printed resistor sheet to get a suitable bandwidth of 1.2 kHz-550 MHz
» Using FBP algorithm to reconstruct longitudinal emittance by bunch length data from WCM

0 45
S - o]
==} g H
= 2 2 3sf ficmorr=1.2 KHz
5 =
3 _ _ = 30f
g A S21 (dB) B
55 Resonance check = - Input signal = 1 Vpp at port 1
g -6f S 20r
E ot
g 8 & wh
[_ ﬁ IIIIIIIIIII
= L L L L L - 2 5 2 200 225 250 2
10, 05— 305300 300 506600 0 25 50 75 100 125 150 175 200 225 250 275 300
e R S ol Freq (MHz) Freq (KHz)
. . - ~
Wall current monitor High cut-off frequency = 550Mhz Low cut-off frequency ~ 1.2 khz
Reconstructed phase space with filter
100000
6"1'06 80000
S5}
£
3 60000
2 00
&
g
= _ 40000
2
g 1.06 3
=
20000
2:11 o
-445.2 -222.6 0.0 222.6 445.2

Time (ns)

WCM raw data acquired by a high bandwidth oscilloscope Longitudinal emittance reconstructed by WCM data
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Energy spread measurements by a dipole magnet
and 2 slits + 1 FC are ready for the beam tests

o?vs K-L (L =4.09 m)

= Fit: 0%(KL) = 106.828-(KL-1.728) + 1.822 € =3.585874 mm-mrad
N . . 04 (K-L)_focus = 1.728 rTs
Transverse emittance by Multi-k scanning of Q-mag & o ey e

Yy =14.677894 m™’

+ a wire scanner has been tested and still proceed

Trying to use BPM q values of 6*x-6%y with Q-mag o
scanning for potential online emittance monitoring )]

Fast turn-by-turn data researches by BPM or IPM
for machine studies like mismatch optimizations

T T T T T T T T
1.00 1.25 1.50 175 2.00 2.25 2.50 2.75

1D distributions with the tomography algorithm and KL

. . . . Multi-k scanning with 4.9MeV/u %9Ar'2* beams for
deep learning exploration for precise 2D reconstruction : -~
the transverse emittance measurements at injector
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HIAF has passed all the national acceptance beam commissioning, now moving
to normal operations for experimental missions, and already achieving some big
fruits like discovering new nuclides rapidly, due to its high intensity.

During beam commissioning, over 450 instruments and 1500 self-developed
electronics are deployed in different areas like linac or synchrotron, and in
general they all work well and steadily.

Some experiences especially in emittance measurements are learned, and also
plenty of EMI problems are encountered and solved accordingly, such as RF
interference to C'T/BPMs and 50 Hz power supply noise for weak currents.

In the future, more attention will be paid to non-destructive diagnostics for
higher intensity upgrade, and explorations in the machine learning.
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