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One of the nuclear physics and heavy ion application research centers
Operating the biggest Heavy lon Accelerator Facility in China, National Lab.
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22> Scientific Activities in IMP

 Fundamental researches on nuclear & atomic physics
— Reactions with exotic nuclei: elastic scattering, (p, y), total cross-section, ...
— Nuclear spectroscopy: mass measurement, y-spectroscopy, 3-delayed n-emission, 2p-emission, ...
— Properties of nuclear matter: high density behavior of asymmetric nuclear matter
— Chemistry of super-heavy elements, and synthesis of new isotopes
— Key reactions in stellar evolution
— Spallation & nuclear data for ADS project
— HED physics, hadron physics
— HCl interaction with laser, electron, molecular, and surface

» Applications with heavy ions
— Material: nano-tech., nuclear energy structural material, ...

— Radio-biology: tumor therapy, mutation breeding, ...

 Detector development
— Si detectors: Si(Au), Si(Li), Si-strip
— Scintillator detectors: Csl, LaBr, plastic sci., liquid sci. ...
— Gaseous detectors: IC, TPC, PPAC, MWPC, MWDC, MicroMeGAS, GEM, ...

» Key technique development related to HI Accelerator and ADS
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2;4 - Manpower and Budget

Total manpower now: 733 (+211) permanent staffs
+ 20 Post-docs
+ 150 temporary
+ 240 graduate students

Budget in 2012: ~70MS (expected)
(M)| 60 -

$52.23
50 -

40 $34.40 $33.90 $34.74

30 - $27.11

20 - $17.15

o I
0 -

2006 2007 2008 2009 2010 2011

L P, AT 2012, Jun, 21 2012 Vusnile




( /
2? N~ % °__
zze > (Qutline

» Brief Introduction of IMP

p Status of HIRFL
» Facllity introduction
» Operation statistics
» Operation Highlights

» Upgrade Projects at HIRFL
» Brief introduction of future projects of IMP

2 SR SR 001 HIRFL, HIAT 2012, Jun. 212012 YuanHe



"r""'_" 1 a A VA V4 W‘/‘;\\ w ‘ [ ( 9 ‘(ﬁ\ o FL\ ] 1 W PR [?‘_L S
.L.-_’.":i':‘z? e y AU M j A\ \ JLL u\\;,fi\ \ O 1 1 ﬂ \ \ 1 ”‘ML‘;JM O ﬂﬂ
/

# SSC(K=450), in 1988

L M 100 AMeV (H.1.), 110 MeV (p)

—

SFC (K=69), in 1964

| B 10 AMeV (H.1.), 17~35 MeV (p)
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2zzzz> Experimental Areas

Mass measurement
ToF taret
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Total operation time: 13600 hours; 7893 hours for CSR (58%o )

Failure of

Preparation eq;_l(l)%lgﬁnt |
of beams : N
27.6% 74 8845h

65.0%

27.6%

Operation time distribution in 2010.09 - 2012.04
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i - Operation Status

material science
611h
12.7%

Nuclear and atomic
physics
1791.5h

37.2%

Biophysics and
therapy research

Machine study and

1557h improvement
32 4% 849.5h
17.7%

2010.9-2011.7

_ _ Nuclear and atomic
material science

physics
923? 1559h
22.9% 38.6%

Biophysics and

Machine study

therapy research and
723h Improvement
17.9% 831h
20.6%

2011.9-2012.4
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2> (Qperation Status
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27> Mass measurements at HIRFL

Isochronous Mass Spectrometry (IMS)
the revolution time depends on M/Q of nucleus only
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22> Mass Measurement Experiments

Nucl. Instr. Meth. A§S§4’ 109 (2010)

» 1st : 8Kr projectile fragmentation whd) N WEb) S
: A I4(Jf- Co '405'
» 2009.10 Data analysis finished LGSl Wb IMP
» 2nd : 58Ni projectile fragmentation 20 f £ 100f
e . 2wk ae 2 F o~2ps
» 2011.02 Data analysis finished S wp o~ops I © $ . 27em
. . ) F Co " 60F Co
» 3rd : 8Kr projectile fragmentation wf wf
» 2012.01 Data analysis in progress oo 1 R JJ-I.IL .
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PRL 106, 112501 (2011) PHYSICAL REVIEW LETTERS 18 MARCH 2011

Direct Mass Measurements of Short-Lived A = 2Z — 1 Nuclides *3Ge, 3As, Se, and "' Kr and
Their Impact on Nucleosynthesis in the r p Process
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Cancer Therapy Terminal
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» 1/3 resonance slow
— extraction

fast Q-magnet
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» RF-Knockout exciting

» Feedback of extraction
rates with fast Qs
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22¢> 3D Dose Conformal Plan

« Active energy variation
e Spot scanning
 Intensity modulation

1.2-:

1.0 B A

0.6 -

0.4 —e— PLANNED DOSE \

0.2 B MEASURED DOSE -

0.0-] " 1 . L 1 : | S— =

Energy regular between 30~430

N\
*Q
_9 av 8 W
L N
o PRI
o BN o

()} I S 1S o N

6 & i N RO
(72] L o l Il’ D ’\?)“
O s i! 'i! i P >
© 3 i 1 ,x@\

1. ‘

1) ) A
o N i h ,|,'|; | l ] ‘:’Q‘x&
= o o ) |
@ > 5'%1’] /| ' /|
o) i P = o 1
e ——— et
11 o o i |
i
0 ! R T
1 1 1 1 1 1 1
0 50 100 150 200 250 300

Depth (mm)



%

2z > |) cp tumor treatment CXPpPOerimen ﬁf

Metastatic Primary Cell Carcinoma Cerebral Prostate
lung cancer liver cancer of salivary gland Glioma cancer

TP H23
A2
T:HE3 4NE1,2
"tse2d1_13/1

9 months 4 weeks »’ 14 months | 0 day 1 mon':c.h

disappear Shrink 30% disappear Shrink 10%  Shrink 30%
4 B RS ES ot HIIRFLL, HIAT 2012, Jun. 21 2092 Yuan He
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zzzz> New Micro-Beam irradiation terminal

Microbeam
facility on the
first floor

(upper part )

Vacuum Chamber for
material irradiation

Quadrupole tiriplet,i @ 15mm
L =100mm, G =123 T/m

Inverted microscope

Facility in the cellar
for cell irradiation

(lower part )

High Energy (100 MeV/u) Vertical irradiation
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zzz> New Micro-Beam irradiation terminal

| 12C6+80.55MeV/u

lon hitting rate:
1~1200/s

FWHM beam spot:
<2pm in air and
<1um in vacuum
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Next 2~3 years
Prototypes and

H=8 for light ions of 5.97 MeV/u

H=6 for heavy ions of 10.65 MeV/u

1. 1 MeV/u beam for
SSC->10MeV/u for
CSRm=->500MeV/u 238U

2. Beam intensity: >0.5 puA
for 238U at Linac.
>1 puA for Ni, Fe, etc.

3. Parallel operation with

SFC and Linac-SSC.
L

_— weeoon = e = W e

Rebuncher
53. 667 MHz

OHMOOMOOHNO

‘o CSR and
[E terminal

manufacture stage

Rebuncher

53. 667 MHz
Rebuncher [H-DTL RFQ Prebuncher
53. 667 MHz 53. 667 MHz 53.667 MHz  13.417 MHz

1. 025 0. 576 0. 143 0. 0037

MeV/u MeV/u MeV/u MeV/u

48C g7+ BINj9+ 70710+
SC-DTL QWR lons 86K @l4+ 136y @22+ 238( 37+

80.5 MHz ’ ’

Alq ~7 ~6.43

Einj (MeV/u) 0.576 1.02

RF freq (MHz)
(6.5~14) 13.417 13.417
4.9 - 11.5 MeV/ h 8 6
Kb (450) 294 417
Eoxt (MeV/u) 5.97 10.65
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zzzz> L. avout of SSC-LINAC
o
LEBT
L RFQ

Frequency of beam bunch 13.4167 MHz ,
Frequency of RF(RFQ,DTL) 53.667 MHz A HEBT
Design A/q <7

Beam intensity >0.5 puA

Extraction voltage of SC-ECR 26.1kV(A/g=7)

Emittance of SC-ECR (90%normalized) 0.6 =.mm.mrad

Injection energy RFQ 3.73keV/u

Extraction energy of RFQ 0.143MeV/u

Injection energy of DTL 0.143MeV/u

Extraction energy of DTL 1.025 MeV/u

Duty factor 100% _
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22> Progress of Prototypes

-
=

4-rod RFQ

electrode

4-rod RFQ

cavity coated

IH-DTL1
cavity coated

60 kW
53.667 MHz
Solid state AMP

4 gaps spiral DTL

rebuncher



hedule of SSC-LINA
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: Scheduled
Budget estimated .
milestones
SECR $3,894k Stage 1: ECR to DTL1
RF system $5,210K  |yun. 2012 Final version of design
Beam Diagnosis $356k Components finished
Vacuum system $509k Dec. 2012 Testlng .platform
installation starts
Magnet system $1,215k Mar. 2013 Commissioning offline
PS system $927k ' starts
Control system $781kl  |yun. 2013 Commissioning offline
$710K finished

Wat [

Ser o9 Stage 2: ECR to SSC
Installation and -

: $78k Components finished,
alignment Mar. 2014 installation starts
Civil construction $0k Aug. 2014 Commissioning starts
Dose control $195k
_ Dec. 2014 Commissioning finished

&P statue and Dew



Next 3~5 years

i%é > CSR-LINAC Concept design

10 MeV/u beam for CSRm.
Beam intensity: >0.5 puA for 238U.

Parallel operation with SFC, SFC+SSC
and Linac+CSR.

Low duty factor <1%

W NP

1N

@
:



\/ / Next 2~3 years

Stochastic Cooling at CSRe Designand
prototype stage

Pickup tge

0.01 T T T T T T T T T 0.0001
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. % % Q "ECo0l daf" U 13 +reemee
R I 23 — :
. , . oF .
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. QFT4 50 g
| QUL 5F 2 E
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I £ g
2
| &
e e e e e P e 10-06 |- 4 1007
I W 95ﬁ4m
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|
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P
£
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20keV-RFQ Next 3~5 years

B _‘W T proposal stage

Source
HV platform

e Injection _
{ '« Pulsed D-PS |
A:50~200, Injection enégy- - Magnets | ﬁ’
2keV/u(200)~8keV/u(50) ~e-Tarcet o

% .//

After acceleration: ¢

106keV/u(200)~1 700keVluﬁ) | Hﬂ—i—HH—!/

€ Molecular source € Beam line
€ 150keV HV platform € Diagnosis system of nA beam
- @®High A/Q RFQ € Superconductive e-target

et T e
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%> HITFIiL

Heavy lon Therapy Facility in Lanzhou
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Manufacturing
Install In Next 2~5 years
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2z¢> Chinese ADS Project

C-ADS Roadmap of CAS Phase IV

Phase 111 (2023-2032)

Phase | Phase 11 (201X-2022) <~ ——— -\

2016-201X — e — . .
(2011-2015) <« (2016-201%) —\ \

Injector 1 -,

Y -
e
Injector 2 | \i L
| P ':
A '\ - \\.
L B o \
i 10 MeV i\ 5~10 MW,
: L\ Ao A
! IR : \ |
2013 2015 . 201X \ ~2022 ‘
~5 MeV 25~50 MeV \ ~250 MeV . 0.6~1 GeV \ 1.2~1.5 GeV
key tech. R&D \ : \
Acc. & target & reactor prototype \ Research Facility \ Exp. Facility Demo Facility
o — —— — — — (o — — G — J —  — —

4 SR SR 00 HIRFL, HIAT 2012, Jun. 212012 YuanHe



25 Site Candidate of CTADS

SSRF Shanghai

PR ( 455 ot » 0 .?':' “. NSRL, Hefei :

S CSNS, Dongguan
& /

2y SR SR 001 HIRFL, HIAT 2012, Jun. 212012 YuanHe
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2¢> Progress of sc proton linac for C-ADS

Initial physical design of ADS Accelerator (IHEP. IMP)

« Apr.27,2011 Initial Review of the ADS Accelerator Design ADS)m ﬁ%&ﬁﬂ?ﬂ $ ﬁgﬁ EB
« Sept.19, 2011 International Review of ADS Accelerator Design

Approved by review committee

Injector I ~230 cavities
Length ~450 m
e [l S .
35 keV 2.1 MeV
Spoke040 Elliptical 063
MEBT2 10MeV 325MHz = 650MHz
72 cavities 28 cavities
35 keV 3.2 MeV 34 MeV 178 MeV 367 MeV 1500 MeV
IHEP - = 0 .

Injector |

i Model of injector Il
T 0 (L bLAT 2012, Jun, 21 2012 Yuanbls
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mf; Future Facility: HIAF

Budget planned: ~2.0B RMB (2013-2019)

Accelerator Components Motivation
» lon sources: High intensity » Nuclear physics and astrophysics
» SC-LINAC: High pulse intensity. » Atomic Physics
> Radioactive beam line: Large, acdepxance » High energy density physics
> CSR-20: Large acceptance with coolifig™=» . . E-Ring ~ Applications
> CSR|-50 Htlghkl.nteg&ty, high p.reC|S|on \A:L:c'b' i '*-...‘\
cooling, stacking & compression / CSR-50 "
Key Characteristics / 'S
! i + i i
> High intensity stored beam (for i ACCUmUIQtlon CO_Ollng i &"\‘ %
o ! Lognitudinal Stacking iow
both stable and radioactive ones) % Accel ) ! g,:.___
> High quality extracted RIBs N\ cceleration _ / "'
> Multi-operation modes "'-.\‘ Pulse compression fo"‘ A\
‘..""'n. -'"’.' *"-:.
E__E ! ECR P P
LIS o Radioactiv ! "‘-,,L
3 40 e oo o ] b+ 1 0w quu::‘—:H—H—H Beam Line ' ! CSR_ZO.,
* ‘{‘\S Booster :
SC'LINAC 50~1 50 MeV/U ‘5 Pectroscopy‘;

"
% Cooling .+
0 -‘g_

@ 0t i T



2=#> Future Facility: HIAF

SC-LINAC

» RIB Physics in general and SHN
» Material irradiation

CSR-20

» High quality RIB extracted (EoS...)
» High precision inner-ring reaction exp.

) SR pat ) SR
CSR-50 e ey, E-Ring
» Stable beam with high pulse ‘,..-'""" i 2 M""m‘
power for HEDP (~100 kJ) rd CSR-50 *
» Mass measurement in ring (rp-, \,
¥ 1.‘&\6
Ve T process). i Accumulation + Cooling 1,
» Mono-energetic neutron beam . . . Py
) . i Lognitudinal Stacking iow 2
for basic phys. and applications \ Accelerati ; %
» Radio-bio. Researches with . ceeleration ] ___.!' 6‘43 _.
extracted beam for space travel Pulse compression V4 R
. v
» Hyper nuclei, hadron phys., . o N
nuclear matter...... e e N
i ECR w P o .{
{ T LIS o Radioactiv i S
oo el el fefelle et W on n W ow W )—wm::"—-‘-—u—n—n—w Beam Line ) 1 CSR-ZO.,‘
o *.  Booster 1
SC-LINAC 50~150 MeV/u ‘; §pectroscopy !
; %Coollng.’

@ suie i T



zz7> Beam Specifications of HIAF

Machines lons Energy Intensity
on ECR 1806+ 30 keV 1.5 pmA
Sources U3+ 30 keV 0.05 pmA
LIS 34+ 30 keV 0.5 pmA
SCLINAC 1806+ 150 MeV/u 1.0 pmA
(0.5Hz, 1ms) U3+ 50 MeV/u 0.04-0.4 pmA
yré+ 150 MeV/u 0.008-0.08 pmA
1808+ 1.9 GeV/u 4.0x10"2( )
CSR-20 ( Booster ) 34+ 350 MeV/u 0.5-6.0x10"" ppp
yre+ 1.2 GeVlu 0.1-1.2x10" ppp
1IN+ 5.3 GeV/u 6.0x101°
CSR-50 U4 1.4 GeVlu 0.2-2.4x10'2 ppp
yre+ 4.0 GeV/u 0.2-2.4x10'2 ppp
Usz 5.0 GeV/u 0.16-2.0x10'2 ppp
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z%g% > Concept of LINAC for HIAF

s [ GEO 1.5MeV/u 14~17MeV/u

e’ 81.25 M 81.25 MHz
0.5MeV/u OWR 0,02
0.5MeV/u There are two modes in SPOKE section:

mode I: No stripping
Mode Il: Strip U3** to U76*

325 MHz 325 MHz
SPOKE 0.41 SPOKE 0.21

50~150MeV/u 43MeV/u

uonoas buidding

HIAF-linac main parameters
Partlcle SpeC|eS 238U34+ 208Pb30+ 283i10+ gBe3+ 1806+

Design beam current pAY, mA
Operation frequency ReIBATKYAS MHz

Duty factor ~1%

@ Stripping energy 14~17 MeV/u -



Thanks for your attention and welcome to Lanzhou !!

Lanzhou, the only city that the Yellow River goes through, is the capital of Gansu
province, covers an area of 13.086 square kilometers and has a population of
2.83million (1.48 million in the city zone). The 2,000-year-old town once functioned as
a garrison of strategic importance on the Silk Road .




