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Slowed-down Rl beam at RIBF

Slowed-down Rl beam from ~200 MeV/u to 10 or 20 MeV/u

transter reaction, deep inelastic reaction, fusion reaction

First test experiment at RIBF 2F .
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OEDO beam line by Michimasa Sep. 18th Opser (%)

T.S. et al, NIMB 376 180(2016).
Present work

Control method of slowed-down Rl beam (°3Zr or '97Pd)
Energy tuning after energy loss with thick degrader (°3Zr 20 MeV/u beam)

Narrow distribution (pos., ang., energy) if Yield(available) > Yield(required).
Cross section of reaction products for 93Zr + d or p. (a few 103 pps is required.)

Particle Identification of reaction products after secondary-reaction target
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Slowed-down Rl beam Production

Energy control

Example, 174 —> 20 MeV/u (23Zr)
Thickness of degrader is close to range: d/R ~ 0.965. Prediction power is not enough.
Need degrader to adjust energy (rotating degrader)
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3 x PPACs
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Target(cooled H2/D; gas)

Experiment: Particle IDs before and after secondary target
Any materials In the straight line behave like a target.

Requirement: minimize the materials in the straight line
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Measurement of spallation-reaction cross section of LLFP(®3Zr or 97Pd) + p or d reaction
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Slowed-down Rl beam Production
Energy control

Energy control

Example, 174 —> 20 MeV/u (23Zr)
Thickness of degrader is close to range: d/R ~ 0.965. Prediction power is not enough.
Need degrader to adjust energy (rotating degrader)

Measurement of spallation-reaction cross section of LLFP(®3Zr or 97Pd) + p or d reaction
Experiment: Particle IDs before and after secondary target
Any materials In the straight line behave like a target.
Requirement: minimize the materials in the straight line

Best method: never use the energy-adjusting degrader
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Slowed-down Rl beam Production

Energy control

Energy control

Example, 174 —> 20 MeV/u (23Zr)

Thickness of degrader is close to range: d/R ~ 0.965, d: thickness, R: range

Change momentum after production target slightly(~1%)

N, |

FWHM: 0.97Tm
(17%)
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Bo (Tm)
B o distribution after 7-mm Be target

R_| E N

K
SX/NISHINA T. Sumikama, EMIS 2018

C E E R

Sep. 19, 2018



Slowed-down Rl beam Production
Energy control

Energy control

Example, 174 —> 20 MeV/u (23Zr)
Thickness of degrader is close to range: d/R ~ 0.965, d: thickness, R: range

Change momentum after production target slightly(~1%)

Prediction; Relative value is more reliable than absolute one.

emema | - Method

FWHM: 0.97Tm Use of relative values of prediction.
(17%) (E-Eo)/Eo vs (Bp-Bpo)/Bpoo @D
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Bo (Tm)
B o distribution after 7-mm Be target
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Slowed-down Rl beam Production
Energy control

Energy control

Example, 174 —> 20 MeV/u (23Zr)
Thickness of degrader is close to range: d/R ~ 0.965, d: thickness, R: range

Change momentum after production target slightly(~1%)

Prediction; Relative value is more reliable than absolute one.

Experimental results
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Energy control

Example, 174 —> 20 MeV/u (23Zr)

Slowed-down Rl beam Production
Energy control

Thickness of degrader is close to range: d/R ~ 0.965, d: thickness, R: range

Prediction: Relative value is more reliable than absolute one.

Change slightly momentum(~1%) after production target

Experimental results
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Slowed-down Rl beam Production
Distribution of position, angle, and energy

Distribution
Effective emittance given by position, angle, and momentum(energy) distribution
Increase by x1/(1 - d/R) = 28.6 with d/R ~ 0.965
Measurement of spallation-reaction cross section of LLFP(®3Zr or '197Pd) + p or d reaction
Required Yield: a few x 103 pps (limited by the trigger condition)
Available Yield: ~ 10° pps

Is it possible to make a narrow distribution if a required yield is less than the available one?
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Slowed-down Rl beam Production
Energy control

Narrow Energy Distribution

Narrow slit setting was combined with:

Good momentum resolution (1/3200) on the curved degrader made from the

polished 0.5-mm Al plate (@ Fb)

Mono energetic degrader + small spot size

Position @ F7 depends on 0 p/p
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Slowed-down Rl beam Production
Position & angle control

Use 2 slits @ F1 Use defocus beam on F2 slit
refocus at F3
. out of focus ¢« .
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Slowed-down Rl beam Production
Position & angle control

Distribution on secondary target

107Pd (50 MeV/u)
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Slowed-down Rl beam Production
Position & angle control

Distribution on secondary target

107Pd (50 MeV/u)
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PID @ ZeroDegree spectrometer

Charge-state change in material — F11 Configuration —
No detectors @ F9, F10

Dispersive mode (A/Q from TOF - Bp)
— wide beam (240 mm) for mom. meas.

Stopped in MUSIC (Multi-sampling IC)
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New PID with range
Range Determination
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New PID with range

Range Determination 93Zr
40 MeV/u
%Zr case
Simple AE ratio of MUSIC g
Very good correlation with E (MUSIC) & | Stoppedinch3 7/ .
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New PID with range

Range Determination 93Zr
40 MeV/u

Range in MUSIC

%Zr case
Conversion To Range g |
W 1.2b- R It LAt
- : T ¢ N L 3
Conversion Table using ATIMA calc. 2 [ o s WA
o u ERN
gL
AEi-1/AE —> Range © os ety
0.6/ A -.»-
OorR = .5 mm -
041 FREROR S e
(mm) - Several lines —> Z dependence 02l ?-
450: 1‘ 100 1206 '. 11121()(1)l lllfil()(l)n;ﬁl()(l)l l1‘710(1)“1’8.0(1)l l11910(13l l21000
3 E (MeV)
400—
ssoF- Ich = AE in 80 mm Total 480 mm
300 - I.——-——.-——-—l| "]
2505—
2002— 3
1505—
100 o =/
SOE_ : : 202 '..'l'..'”.!(l.‘fl._'lul._‘l_'ll._'(l..'(,._'('..'Il._'ll._'ll._'l'..'ll._'L'._’H..ﬂ.fll._'.".il. 110
SR PR FUUE VRN PO UVE PR OUE POOE PO O —
00 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 5018 BigRIPS Technical Info W%%F?ap& 5018

E (MeV)



/Z, A dependence of R-E, and AE-E

dE /dx Is same for isotopes at same velocity.

It E Is same, the range of isotopes becomes almost same.
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New PID with range
Comparison of Z determination

E vs R provides Z with a good resolution.
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New PID with Range 937y

Standard method: 8 - TKE — A, 40 MeV/u

Range was measured instead of TKE

— F11 Configuration —
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New PID with Range

Standard method: 8 - TKE — A,

93Zr
40 MeV/u

Range @ B = 0.29 was obtained from Range vs B correlation

Range — 10.9%(A - 4.6Z) = const.

B-corrected Range (B = 0.29)
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Lower energy capabillity

Lower pressure to distinguish R(23Zr) and R(%2Zr)

Bragg curve can be easily obtained. —> Good resolution of
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Summary

The control method of the slowed-down Rl beam was
developed.

The beam energy was successfully tuned with relative
value of calculations.

The narrow distribution Is technically available it the
required yield is lower than the available one.

e.g. FWHM width

8.6 mm (X), 9.2 mrad (A), 6.3 mm (Y), 14 mrad (B) for 197Pd 50 MeV/u
0.82 MeV/u (E) for 93Zr 20 MeV/u

Particle identification of reaction product

Range in MUSIC works well for Z and A determination.
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