Yongtao Zhao, Lei Yang, Jiancheng Yang, Hongwei
Zhao, Hushan Xu, Guoging Xiao, Wenlong Zhan,
& PPlers at IMP,CAS

Cooperated with
Dieter Hoffmann, Alexander Golubev,
Younian Wang, Xiaoan Zhang, Zhonfeng Xu
from TUD, ITEP,DLUT XYNU XJTU
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 Gurrent activities in plasma physics research at IMP

* HIF/HED research plan at HIAF-IMP
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Comparing to LIF and MCF, HIF is at the starting stage!

P




we - BRI (TR 7P Main Facilities

»Institute of Modern Physics (IMP,CAS), was founded in 1957. As one of the
four national laboratory, the National Laboratory for the Heavy lon Research
Facility in Lanzhou (NL-HIRFL) was established at the IMP in 1991.

®Basic research in heavy ion physics ®Accelerator physics and technology
®Related interdisciplinary science ® Applications of nuclear technology

SFC(1960s) CSRe(2008) A ¥ } < ' ,
S50 s K=69 Bp=9.4Tm
SSC(1980s) byt C:10MeV/u Deceleration

K=450 TN
C:100MeV/u

Bp=12Tm

\(:;1 GeV/u

( CSRm(2008)




X (B = BRI (T2 T 7 Future Facilities

I e [ 5 | [ HiarF A
h ( \ SC-Proton LINAC
e © S-1:25~50 MeV, 10mA
& . S-l1:1.5GeV, 10mA
2K\ { Sub-critical reactor
ADS Project 2011-2032 High Intensity heavy-ion Acc. Facility
Budget approved: 1.78B RMB, 2011-2015 Budget Proposed: 1.98B RMB, (2013-2017)
>2500 m
430MeV/u Carbon ions,1x “\ o~ % o
')p ) FIEB? N} -z oy
HITFIL ? 79 3
8 -~
’ - SECS800 < SECS400
Heavy lon Therapy Facility in Lanzhou Facility of lon, Electron, and Beta Beams




e (BRI IHEH 7T Organization

Institute of Modern Physics, Chinese Academy of Sciences

Board of directors

Basic Research Accelerator ADS Project Administration
Division Division Division Division

Exp. Phys. Center Acc. Physics Lab LINAC Center Sci. and Tech. Dept.
Material Center RF Lab S-owned Assets Dept.
Nucl. Instr. Center Vacuum Lab SpaII Target Lab Personal Res. Dept_
Rad. Bio-Phys. Lab o SEUiEE el Inter. Coop. Dept.
: Magnet Lab Reactor Lab Supervision Dept.

Medical Phys. Lab _
Rad dicine Lab Power Supply Lab Nucl. Data Center SEEURY (DL

o IMECIEHE =d Rad. Safety Lab : Administrative Dept.
Space Rad-bio. Lab

IT/Electronics lab Rio. Chemistry Lab Retired Service Dept.
Rad. Pharm. Center e-Acc. Center HI Therapy Dept.

Nucl. Theory Dept. Tech. Support Lab Project Office Marketing Dept.




e ORI HEHF Manpower & Budget

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

Budget in 2012: ~70MS (expected)
60 -
M) $52.23
50 -
40 $34.40 $33.90 $34.74
30 - $27.11
20 1 $17.15
10 -
O _
2006 2007 2008 2009 2010 2011
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B Current activities In plasma physics

s Highly charged ion Physics(Atomic Pr. in Plasma)
O Intense energy deposition: Nano-etching effects, etc.
> Inner shell processes during collisions: X ray emission

A Beam plasma interaction
> Energy loss and the charge effects
> Transportation: plasma lens and plasma stripper

& High Energy Density(HED) matter generated by
Intense heavy ion beam
> Heavy ion/proton radiography and other diagnostics

U U



Experimental Platforms for PP experiments
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e T HCI: Intense energy dep.

Fast(fs) and enhensed energy diposition by HCI
---a potential way to produce HED in a small volume(nm)

Xe~ ~HOPG | |
Highly Ordered Pyrolvytic Graphite

200

(Melting point of Graphite ~7*1093/m3) hC

® Xe2°* --- 10keV potential energy --- in 70nm3 --- 2*1019J/m?3
® Xed°* ---200keV potential energy --- in 100nm?3 --- >10%1J/m?3 ---HED!


http://www.2spi.com/catalog/new/hopgsub.php
http://www.2spi.com/catalog/new/hopgsub.php
http://www.2spi.com/catalog/new/hopgsub.php
http://www.2spi.com/catalog/new/hopgsub.php
http://www.2spi.com/catalog/new/hopgsub.php
http://www.2spi.com/catalog/new/hopgsub.php
http://www.2spi.com/catalog/new/hopgsub.php
http://www.2spi.com/catalog/new/hopgsub.php

we - (B FIRIA M HCI: Inner shell processes

Institute of Modern Physics, Chinese Academy of Sciences

10.0k —
. Xe La
Solid/gases 3 o
HClIs near vy, s
5
452 £
s
’ g
[}
o
SDD X-ray detector Y rayenergkeV) |
Experimental Scheme Vacacy Sharing due to level matching
For collisions near vg,;, =2.19*10°m/s, Transfer ratio, from Xe L to Fe K
@ Significant interaction length ~100A,; exp(2A(1 + cos0)) — 1
®Proper initial energy to approach T. atoms; = exp(42) — 1
®Enough time to form a quasi-molecular ~fs;
T _ where
The initial charge effects on the inner ﬂ e JE“_
shell processes will be significant, 2\ =

{E*mel’rf

especially inner shell electron transferring!
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Institute of Modern Physics, Chinese Academy of Sciences

lon beam plasma interaction

Energy deposition of slow heavy ion in plasma

dE 4ne4Ze v 2m,v,* 2m, v,
ff Z G2 ")n K e )4 62y In( e
Cdx I Veh' fe hwp
ATy 50 | , | ' | 1 ]
— 2r < B 84|’<r -2 H 1 ™ :
g‘é 3 TP — J a0 F —e—Ne™ +H Plasma il
kS Jr. N : . —m—Ne™'+H, Gas
g $ ¥ \‘\ ] o L=15¢cm; p=5+10"/cm’
% 1 g 30 | \ _
o B 1 ] ° . . .
plasma S L « Monte Carlo Simulations
S 102 | i > .
= . 3 D
lg i - g I
5F - 1|
g) - 4 10 + Ny _
& i 1 .
8' 2t ® °
o oL  TeEEmEE- = @ ] . T
101 B 1 1 1 1 1
M lxud o aaaal L1 a3 aaul ;, 2 4 5 8 10
0.01 0.1 1 10 100 Projectile Energy(MeV)

Ion Enerav  [MeV/ul

Limited points at low energy (J.J. et.al)

E.L.v.s.lon Energy (D.H. et.al)

Effect of Initial Kinetic Energy, Initial Charge State, Projectile Atomic Z




Za e nb Ll lon beam plasma interaction

Transportation of ion beam in plasma: Pls. lens and stripper !

Bl Ne+H Gas
800 |- I Ne“ +H Plasma J
Projectile Energy:4MeV

;Monte Carlo Simulation

600

Before After
(Max=10, D=10mm) (Max=80, FWHM=2.5mm)3 .x

unts

200 |- I ‘ I
0 L - | L s
2 3 4 5 6 7 8

0 1 9 10
Charge State

Gabor Plasma Lens by Y. Liu et.al Charge state revolution (D.H.)
Excellent lens for ion beam! Excellent stripper: Ac. efficiency

IMP would like to support us to develop different kinds of plasma device
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st i iE LIl |ON beam plasma interaction

Institute of Modern Physics, Chinese Academy of Sciences

PIC simulation: Due to the weak field of the ion beam in plasma,
a pulsed and strongly focused beam will be formed!

-2.3E4

105 120 135 150

-41E4

J.0E3

I4.? E4

105 120 135 150

Z{mm)

200keV Proton in a fully ionized hydrogen plasma




et sl [on beam plasma interaction

255 .0

PIC simulation

.—_Bf:-"z. i -gj.;i_l:_',‘l":"

Typically, period: 2ns; pulse duration: 300ps; intensity: one order higher
than before. Mainly depended on the ion specie and free electron density.

»Only happens to the low energy ion beam or plasma long enough!
»Uniform distribution of plasma was assumed!
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Institute of Modern Physics, Chinese Academy of Sciences

Plasma Device and Tests

Gas Discharge Plasma (GDP):
An ideal plasma device with
»High temperature (~2eV),
»Low density(1015cm-3, 1017-19/cm-2?), |
»Fully ionized hydrogen,
»Long lived(3us),

»Fare homogenously,

»With successful experience

. —— 3k\
dll'fere'ntlal quartz tubes - _ — 4k
L (L=78mm.d =8 mm.) i 4. 0DE+016 1 tO rr gk
l_rf-v_l- . \ 5 44 E j .
i — /mallﬁgl\on- . S— | — o=0.0001 ‘E 3,50E+016 o |I|
1 T e o1 = aooesoied |
o rng + & 3. o=0.1 % i [
— o003 £  2s50E+016 i
diaphragm 9 i i
d=1mm. & 200E+0164 1!
2 7 g IR
g E @ 150E+016 tll |
i1 < h- 1 AN
- 1,00E+018 1IN
E 14 % ] h‘r\i'.‘d
g 5 @  5o0E015 \/ \
glg ; 0.00E+D00 \
(3 H V switch 04 g ] \«—\f_\___\
capacitor il = < 7/00Es18 4
park t—H#—  4————TT7T—— -1, 00E+016 , , , . , . , . |
r=1000 -2 ] 2 4 ] B 1 -50 0 50 100 150 20
HV 2.0-4.0 kv e, Time, us
Principle scheme Simulation results Measurements during test



e e iyl [on beam plasma interaction

Experiment of O™ ions penetrating H; gas

Exp. Setup and Tests

Ch4 Mean
475mV

Bias Voltage

Fig.2 the charge state distribution of outgomng oxygen
ions changes with different pressures when 1MeV o
1ons penetrating the gas target

The first online experiment will be in Oct. 2012
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High energy heavy ion radiography (Marginal Range Radlography)

, Object 1000 T—— ‘ T 3000 r
::“ aban W_ - | Bragg peak 165 MeViu Carbon in Cu Bragg Peak Py -
Jyers i —— 89 MeV Proton in Cu (x33) « B9 MeV Profon "I |:LI o s
| ] 20004 v
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Experlmental Scheme 1 ) 3000 2000 1000 0 1000 2000 3000
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High Energy Carbon Radiography on a Watch (a:Photos, b:Rough; c:Calculated)
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Institute of Modern Physics, Chinese Academy of Sciences

1100 ANMev*C
S20AMev U -

@ K
s | o)
% i
\‘\
PIRg \0\

Proton/lon Radiography @CSR

beam transport line

aof Monitor Lens

—————————————————

-i-----+ Imaging Lens #1

_______

_________

----- - Imaging Lens #2 -

T T T
1] 1 2 3 4 5 & 7 2 o 10 11 12 13 14 15 1a 17

Z-axis (m)

PIRg beam line (Proton/lon Radiography) under construction

Main parameters

A test experiment with 2GeV

proton is planned to be carried

out in Sep. 2012.

particle/energy (GeV/u) p(0.8~2.2), C(0.4~0.83)
Max. irrad. diameter (mm) 100

Intensity (proton) 1 x 1010~1x 1011
Particle/pixel 104

pixel/frame 1057

Q surface field (T) 1.2

Q bore radius (mm) 60




Zapi=l s e u iUl Progresses on other diagnostics

Institute of Modern Physics, Chinese Academy of Sciences

Scintillator Bragg-Peak spectrometer Multi-Channel Pyrometer with I. Spec.

1341 LISESSIZ | MESHEL | MEGHE2 H I B
(AMeV )| (mm) (mm) (mm) - I .
154.1 217 B e Achromatic lenses
1525 | 213 | - 21.3 Input fiber array
i Output Fiber array(s
1459 | 19.8 19.7 19.8 |Entrance siit ( l
1373 | 17.9 | 180 17.5 ; =3 o
L E i B m
128.3 15.9 16.1 15.6 ) " D
Imaging .. s -
981 100 104 """ Spectr()graph m | g
38.7 2.0 25 | == i

relative dose

Fiber array : :
1 1 1 1 1 1 1 I I
0 50 100 150 200 250 300 Photo-detector V V
depth in water tank (mm) l] [l l]
SBP spectrometer resolution Test with fast-extracting beam from CSR
~1%@154MeV/u




2D simulations with HIAF design by Dr. Yang

. Beam Dynamics gf Accelerator

. Beam Dynami:s ;)f Plasma Lens
. Migro-Si'mi:létion of Beam-Target
.‘Hydrodynamic Simulation of Bes

. Mechanics of Mesoscopic Target

. Bdrning Pgocgssing Simulation

. ICF Simulation

Beam:
Krypton,
1.2GeV/u,
1012 ppp,
100 ns
Target:
Lead

Contact person:
Dr. Yang, Lei

lyang@impcas.ac.cn
0086 931 4969187


mailto:lyang@impcas.ac.cn
mailto:lyang@impcas.ac.cn
mailto:lyang@impcas.ac.cn
mailto:lyang@impcas.ac.cn
mailto:lyang@impcas.ac.cn
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MR ETTIET L HEDP at HIAF: Beam parameters

Institute of Modern Physics, Chinese Academy of Sciences

HIAF (Heavy lon Application Facility) -1.2bRMB

>

Typical beam index - L&
<o
Facility lon Energy Intensi a
P 310 MeV >45pr 00 | =
i LINAC U SOMeViu 27 AN 7
yo-Te 100 MeV/u ‘\& S -
RIBLL3 RiIBs y: 1.1~1." 0\ ECS-45 P
p 12.5 Q
ECS-45 U 1.26 Ge Axlt]l“ PPP
use* 4.00 GeV/u 5x10° ppp
, o
/ H£ Nz 2Fi-LINAC RIBLL3
Slide on HIF2010



/MP [DE]HEHR ftm15ﬁﬂ Fﬁ HEDP at HIAF

Institute of Modern Physics, Chinese Academy of Sciences

HED
/" HIAF Y )

\¢ _/

High Intensity heavy-ion Acc. Facility
(Heavy lon Advanced Facility )

Beam parameters

HIAF: the 12" 3-year-plan of China
Budget: 1.98b RMB (1.2b)
LINAC: 150MeV/u (50MeV/u)
Main ring: ECS50 (ECS45)
Add a booster ring(ECSZO‘
Add a cross-beam line’ 2

Tynical Beam Parap (e\\‘(\,r HED

E: 500-3000MeV/L

N: 1*10'?(ECS20);2-5*101%(ECS50)
FWHM : <1lmm

T : <100ns (50ns after upgrading)

The TP for HIAF will be finalized and handed up to NDRC in Oct.2012.
After approved, constructions may be started from 2013.
NDCR: National Development and Reform Commission P.R.C.




Mpm@ﬂaﬂni’cmyﬁﬂ HEDP at HIAF: Tech. Proposals

Direct heating 4. Double beams 1 (Radiography)

’: 1 Lé

Ring-shaped compressing 5 Double beam2 (Comp. + Heating)

4
-

3.

Your proposals are very much welcomed!
D



B Summary and Acknowledgement

s IMP, as the Heavy lon Research Center in China, was
briefly introduced.

a Current activities on plasma physics research are
focusing on HCI physics, lon-beam plasma interaction,
and diagnostics of HEDM.

a HIF/HED research program at IMP were introduced.
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Alexander Golubev(ITEP)
Vladimir Turtikov (ITEP)
Boris Sharkov(ITEP)
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Thank you very much for your attention!
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Further Transition in vaccuum
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Beam optics CSR-HED terminal

0.1600
[m]

-0.1600

0.1600
[m]

-0.1600

Horizontal Beam Envelopes

Dist. [m]

/‘

'.'._.‘_____,__..--'

e

231417

Vertical Beam Envelopes

Final focus:0X=0Y=1.5mm _ |

0.0000

Intense Energic Beam Heating at CSR

Beam parameters:

lon: Xenon

Energy: up to 235MeV/u

Intensity: 1.5*10°

Pulse duration: 170-890ns

Focus: 1.5mm

Special Energy deposition:
In Ne: 120J/g

Status: Just started

designing the chamber

Mote: Linear optics



