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The three heavy ion accelerator facilities
FRIB (Sc Linac)

RIBF (Cyclotron) /707;\

Charge stripper
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7S dv/dt=Q/M (E + v x B)

A
7
A N 4 ; N
/ / / are Isotope
*\““‘“\'«‘* A 4 Production Target I‘\'/ 2 3 8 7 1+
s awey » A 23835+ U
/ uper-
74 ntiproton
4% 9 roduction Targe!
: . W&/ ~_
v/

Equilibrium charge state (e-loss =e-cap.)

under construction ‘ s an increasing function of Eproj_

W experiments



Charge strippers for uranium ion acceleration

# Uranium ion => dE/dx is largest.
(Largest heat deposit and heaviest radiation damage)
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General requirements on charge strippers
High charge state

— Reduction of total accelerating voltage and cost
— Density effect in solid/liquid -~20% higher charge states compared to gas
— Suppression of e- capture in low-Z material <-low velocity of electrons (v,,Zc/137)

High stripping efficiency
— Typical stripping efficiency = 10%-30%
— Using too many strippers decreases beam intensity to zero.
— Shell effect helps for high stripping efficiency. STRs for Uranium

Small energy spread *H,(pulsed) :FAIR
— Uniform thickness *He :1st for RIBF
— Charge state energy straggling = Li :FRIB, RAON
Long lifetime "Be :2nd for RIBF

— Lifetime of carbon foil is inversely proportional to beam intensity.
— Lifetime-related problems are critical to high-power beam operation.

Good stability

— Contributes to stable operation of the acceleration complex.



Pulsed H, gas stripper at FAIR/GSI

A new record intensity of 7.8 mA for uranium beams at UNILAC has been
achieved on November 4, 2014. This substantially exceeds the old record of
about 5 mA, achieved in 2007. This became possible thanks to modifications in
the gas stripper section.
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Modification:

Old “ N, gas-jet target” => New "Pulsed H, gas stripper ”

to create targets of highest density in a cell for the duration of the beam passage)
This pulsing is a very smart way to overcome the difficulty in confinement of thick
hydrogen gas.

(The details of the new pulsed H2 gas stripper will be appeared in "P. Scharrer et al.,
submitted to J. Radioanal. Nucl. Chem., Proc. INTDS2014, Odaiba )

Courtesy W. Barth / Ch. Dillmann / P. Scharrer (GSI/HIM)



FRIB Liquid Lithium Charge
Stripper

Developed in collaboration with Argonne
National Laboratory (ANL)

Length =2 m

Light ions to Uranium (~ 17 MeV/u)

Power deposition ~ 30 kW/mm?3

Lithium film: 10 microns thick, 10 mm wide,
v=50m/s, T~200C

Liquid Lithium Pump
FRIB (e oo e soiops seams
& j M}chigzﬁas&gnuﬁvegirygy e Courtesy F. Marti F. Marti, November 2014, Slide 7



Experimental work with beam:
Proton beam from the LEDA (LANL) source was deposited on the liquid
lithium film with power density deposition similar to the maximum expected
at FRIB when accelerating 400 kW of Uranium
The film was not perturbed at the beam impact point.
Next steps:

Construction of the charge stripper module within the next 6 months
with continuous flow, tests of stability and reliability

‘. Facility for Rare Isotope Beams
| U.S. Department of Energy Office of Science 5 ) )
& f" Michigan State University Cou rtesy F. Marti F. Marti, November 2014, Slide 8
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R&D studies at RIBF (motivation)
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History of R&D on the 1ststripper

Rotating cylinder with a CNT-SDC foils

large foil (User runin 2011)
Carbon '
NanoTube foil

A

Slow rotation

Foil

Charge states in N,, Ar, CO,
Is lower than acceptable charges.  He gas stripper

8 m and 0.5 m prototypes

Cross section of e-loss
and e-cap in Low-Z gas



Charge evolution

mean charge state
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History of R&D on the 2" stripper

Rotating Be disk in operation
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Fundamental data for the 2" charge stripper

Mean charges in the gases Q dist. after the wheel of Be and Ti
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Solutions to charge strippers for U accelerations

RILAC2 = 5 :

RRC fRC IRC SRC
SCECR 11 MeV/u 50 MeV/u % }\%
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He-gas stripper @ 11 MeV/u (1st stripper)

H. Imao et al, Phys. Rev. ST Accel. Beams 15 (2012) 123501 TMP

TMP

Mechanical booster

1 R - \
7 kPa (50 cm) 0.7 mg/cm? of He
i gas (windowless)

U 64+

He circulating volume: 300 m3/day
5 stage differential pumping: 21 pumps

8 order pressure reduction: 7,000 Pa => 10~ Pa
Large beam aperture: > ¢ 10 mm

Unique recycling system




He-gas stripper @ 11 MeV/u (1st stripper)

H. Imao et al, Phys. Rev. ST Accel. Beams 15 (2012) 123501 TMP

TMP

Mechanical booster

U 64+

He circulating volume: 300 m3/day
5 stage differential pumping: 21 pumps
8 order pressure reduction: 7,000 Pa => 10~ Pa

Large beam aperture: > ¢ 10 mm | |

i i Started working.from Noev. 2012
Unique recycling system : s e



Target thinning by heat load

Target thinning caused by the heat load due to uranium beams
will determine the application limit of gas stripper.

The TOF of U%** beams as a function of the beam intensity using phase probes.
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Target thinning by heat load

Target thinning caused by the heat load due to uranium beams
will determine the application limit of gas stripper.

The TOF of U%** beams as a function of the beam intensity using phase probes.

temperature rise [K]

30

[a9)
wu

20 |

I
I
I
|
+
|
|

|
|
|
T
1

—— e —— - — =

T et

Early arrlval => target h inning A% | Suppression mechanism?
/ s ! .
~=>Temperature rise \~" | =>Spectroscopic study

(VUV, visible light)

o " 0.6 puA (Energy deposit of 50 W)
& i : |
e 15K

—— -1~ ® Oct 2014 (w/ slit)
|

Emission from N,* (He* => N,?)

XM Turn off room lights
beam current [pul




Impurity in the recirculating He gas

The charge state in He gas is sensitive to impurity

Effect of the impurity (Air, H,0, HC) on charge state can be large

Gcap OCZ4'2
(less than 100 ppm of impurity is required.)
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Rotating Disk stripper
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Figure 1: Schematic of rotating carbon disk stripper.

Rotation speed: 1000 rpm

Irradiation area: 60 times of the beam spot H. Ryuto, et al.



Be disk stripper(0.1 mm t) survived the U beam
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Operational experiences of the rotating Be disk
Deformation of the Be disk degrades beam quality.

The Be disk will reach the limit in near future.

Just after irradiation
Finished with buff-polish m
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Nuclear physicists are
not aware of this fluctuation.
















What is the next?

We need a stripper which can survive beam irradiation with 2-3 times
of the present beam intensity to realize 100 pnA at the exit of SRC

Charge Charge
RILAC2 Strlpper trippe
Present

U35+ U64+ U86+
(Intensity 1 0.2 0.05)

super-fRc  IMlore severe

U35+ U86+

(Intensity 1 0.25)

SRF
(New)

Option1 [N B~

We need extensive R&D studies because this charge stripper will
be more severe in the future plans.
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Further R&D for the 2"9 stripper
| |status/Merits |demerit |todo
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Charge state

Improve structure
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Charge distribution
(Qave=83.5)

Study by water



Summary

Charge stripper is one of the key issues for the heavy ion
accelerators with high intensity.

R&D works of the liquid lithium stripper are successfully
going on at FRIB.

The bottle neck problem in the uranium acceleration has
been solved by the He gas stripper at RIBF.

The wheel of Be was successfully applied for the second
stripper at RIBF.

For further intensity upgrade, we need to R&D studies for
the second stripper. (CH, gas, C, Be, SiC and liquid lithium).



