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Outline:

1. Brief introduction of J-PARC and the RCS
2. Stripper foil issues
3. Principle of H™ stripping by only lasers

4. Experimental strategy, expected results,
present status and schedule

5. Discussion on laser energy reduction
6. Summary and outlook
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Switching magnet for beam
destination to the MR

Beam transportline from
RCS to the MLF (3-NBT)

// R Lo AN Extraction
/S ) \\:\\\ A .
éf S/ Extraction section y N\ beakm dump
Injection [|/# ' - / (8 kw)
beam dum X S
/> [to MLF

(4 kW)

% |Secondary collimators A\
A’Transverse rimary collimator A\ 2|\  Beam transport
P v | "\\\/ line from RCS to

\ the MR (3-50BT)

\\

Primary stripper foil (1st foil) i /,ﬁ/ A\

Injection section

Longitudinal primary
< collimator

Beam transportline from

H beam Linac to the RCS (L-3BT)
from Linac

Layout of J-PARC 3-GeV Rapid Cycling
Synchrotron (RCS)

® Multi-turn H~ stripping injection.

® Injection Energy: 400 MeV

® Extraction Energy: 3 GeV

® Repetition: 25 Hz

o« Beam power
(design): 1MW

P.K. Saha, HB2018

Particles /pulse (x 1013)

8.41 x 103 ppp : 1.01 MW -eq.
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Successfully demonstrated acceleration
of the designed beam intensity.



g;gwﬁf Beam loss at 1 MW beam power

.’g 150

> . H. Hotchi :
:8: 100 - -
— BLM signal at the collimator section -
— h

s 50|

=

—

(a 8]

® Beam loss at 1 MW: ~0.2% and ¢ 0.15%

E

localized at collimator section = 0.998 Simulation
0 : . 5

(<< 3% of collimator limit) - Foilscat + SC ——

® Beam loss occurs mainly at L Rt B

injection energy
- mostly due to the foil scattering! 0994

0 2 4 6 8 10
PK. Saha, HB2018 Time [ms] 5



Residual radiation at the RCS

injection area

M. Yoshimoto _ .
‘ ' u‘ ... RUN46 (181MeV inj.) 300kW, 7h /{“ beam duinp
‘ . RUN56 (400MeV inj.) 300kW, 5h
= 15t stripping foil ... RUNG1 (400MeV inj.) 400kW, Sh

1.4mSv/h
40004 "*x__ 4.5mSv/h

14mSv/h

il A BN P s

S (0) === 35mvh | (3)

14000 l 40000 6000 goo0 4000 2000 0 20007MSVE) oo gugg
4000

=2000

RCS ring collimators

Residual radiation near the stripper foil is as high as 15 mSv/h
on contact, 4 hours after 0.4 MW routine operation!

P.K. Saha, HB2018



Experience of stripper foil behaviors at

the SNS and J-PARC

S. Cousineau (HB2014) J-PARC: 0.3 MW operation
2014 SNS foil: 3 months in 1 — 1.4 MW beam Avg. fOIl hit! 10

Before

PK. Saha, HB2018 7



Experience of stripper foil behaviors at

the SNS and

S. Cousineau (HB2014)

2014 SNS foil: 3 monthsin 1 — 1.4 MW beam
Before

P.K. Saha, HB2018

J-PARC: 0.3 MW operation
Avg. foil hit: 10

E‘ 04 T T T T LI
= Unstripped H™ increased ¢
:'é 0.35 Ftwice more.

% 0.3

0

Eoast

e

5 0.2 * .
c Waste beam dump
5 0151 = capacity: 4 KW

L 0.1

0 3000 6000 9000 12000 15000
Total charge on the foil [C]



Experience of stripper foil behaviors at

the SNS and

S. Cousineau (HB2014) J-PARC: 0.3 MW operation
2014 SNS foil: 3 months in 1 — 1.4 MW beam Avg. fOI| hit! 10

Before After

———

©
~

Foil hit at 1 MW operation (estimation) Unstr'ipped H- increased ¢

[ twice more.

0.35

o
w

Poeam Beam €_painting
MW) sharing(%) | (x mm mrad)
84 200 10

MLF

0.25 |

=,
T
(@]
=
(2]
Q2
S
L
Y
(@]
c
9o
e
QO
©
—_
L

MR 1 16 50 70 0.2 * 1

Waste beam dump
Normalized avg. foil hit: ~20 but 0.15 - capacity: 4 KW
instantaneous foil heat for MR cycle is extremely high! 0.1

If the total charge limit on foil is 10000 C 0 3000 6000 9000 12000 15000
- Foil lifetime at 1 MW: 2 weeks! fotal charge on fhe fol [C)

PK. Saha, HB2018 7



é,gmﬂ RCS beam power at present and

upgrade plan

RCS beam power to date:
To MLF: 500 kW
To MR: > 750 kW-eq.

Beam power to the MLF
will be gradually increased
to the designed 1 MW.

P.K. Saha, HB2018



é,gmﬂ RCS beam power at present and

upgrade plan

RCS beam power to date: To cope with upgrades/demands
To MLE: 500 kW of the downstream facilities,

To MR: > 750 kW-eq. RCS mid-term beam power upgrade

is set at 1.5 MW!
Beam power to the MLF

will be gradually increased
to the designed 1 MW.
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/e

NIl RCS beam power at present and

upgrade plan

RCS beam power to date:
To MLF: 500 kW
To MR: > 750 kW-eq.

Beam power to the MLF

To cope with upgrades/demands

of the downstream facilities,

RCS mid-term beam power upgrade
is set at 1.5 MW!

will be gradually increased Lifetime of the stripper foil may

to the designed 1 MW.

P.K. Saha, HB2018

be the most serious issue!



RCS beam power at present and

upgrade plan

RCS beam power to date: To cope with upgrades/demands
To MLE: 500 kW of the downstream facilities,

To MR: > 750 kW-eq. RCS mid-term beam power upgrade

is set at 1.5 MW!
Beam power to the MLF o , )
will be gradually increased Lifetime of the stripper foil may

. i ,
to the designed 1 MW. be the most serious issue!

M Probably hard to maintain stable and longer foil lifetime
in the RCS even at 1 MW beam power.
M Foil may not survive at 1.5 MW beam power.
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RCS beam power at present and

upgrade plan

RCS beam power to date: To cope with upgrades/demands
To MLE: 500 kW of the downstream facilities,

To MR: > 750 kW-eq. RCS mid-term beam power upgrade

is set at 1.5 MW!
Beam power to the MLF o , .
will be gradually increased Lifetime of the stripper foil may

. ® o ,
to the designed 1 MW. be the most serious issue!

M Probably hard to maintain stable and longer foil lifetime
in the RCS even at 1 MW beam power.
M Foil may not survive at 1.5 MW beam power.

@ Laser stripping of H™ holds the promise of eliminating the
limitation and issues involved with using the stripper foil.
@ We aim to establish the method even at 400 MeV H- energy.

P.K. Saha, HB2018



Difficulties of laser assisted H- stripping

at 400 MeV

P.K.Saha et. al, IPAC15

3 1.5 100
®
@ 1" &2 zsof
z g
e 12 2 60}
Nt | / E o & &
Lo z w S 4| /Peak power: 1 MW
b e losga 8 ..
_— v & g Stripping eff.: 90%
e- Interaction . |, &8 g2 pping
point ) , M = 0 .
04-03-02-0.1 0 0.1 02 0.3 04 0 02 04 06 08 1 12
Step 1: Step 2: Step 3: Z (m) Laser peak power (MW)
Lorentz stripping Excitation by Laser Lorentz stripping
H > H+e HO+y > H* (n23) HY” > p+e

Magnetic field issues:
@ In the practical application, the
magnets should have larger radius.
: @ For 400 MeV H-, hard to realize
. over2T magnetic field.

@ Circulating beam size after
A. A|eksandr0v, HB2014 injection is quite b|g|

For SNS 1 GeV H-: B=1.2T r~5cm!
Inner radius: 15 mm

PK. Saha, HB2018 9



Difficulties of laser assisted H- stripping

at 400 MeV

P.K.Saha et. al, IPAC15

3 1.5 100
®
© ' 2 Zosof
z E
= ;' 12 260t
* g L \ ; = 0 J 0 g_ E
N g w S 4| /Peak power: 1 MW
L @t los&a & ..
\ "B % § |/ Stripping eff.: 90%
. e- Interaction . 2l H & g
. T — i
point Y - 0 .
-0.4-03-02-0.1 0 0.1 02 0.3 0.4 0O 02 04 06 08 1 12
Step 1: Step 2: Step 3: Z (m) Laser peak power (MW)
Lorentz stripping Excitation by Laser Lorentz stripping 60
H > H+e HO+y > H* (n23) HY” S p+e

Magnetic field issues: 20 t
@ In the practical application, the
magnets should have larger radius.
. @ For 400 MeV H-, hard to realize 20T
. over2T magnetic field.
@ Circulating beam size after

A. Aleksandrov, HB2014 injection is quite big! -60 -40 20 0 20 40 60
For SNS 1 GeV H-: B=1.2T r~5cm! x [mm]
Inner radius: 15 mm J-PARC RCS: 400 MeV inj. for 1 MW

Trans. dist. at the end of injection.
( Simulation: TP: none, LP: full )

PK. Saha, HB2018 9



Difficulties of laser assisted H- stripping

at 400 MeV

r ’ r \\\
e Interaction .
point

Step 1: Step 2:

P.K.Saha et. al,

B field (T)
=]

[ I 0
("] (3] —

-04-03-0.2-0.1 0 0.1 0.2 0.3 04

Step 3: Z (m)

Lorentz stripping Excitation by Laser Lorentz stripping
H > H+e HO+y > H* (n23) HY” S p+e

Magnetic field issues:
@ In the practical application, the
magnets should have larger radius.
@ For 400 MeV H-, hard to realize
~#~.  over 2 T magnetic field.

@ Circulating beam size after

A. Aleksandrov, HB2014 injection is quite big!
For SNS 1 GeV H-: B=1.2T r~5cm!

Inner radius: 15 mm

P.K. Saha, HB2018

"
'
—

IPAC15
15 100
&
z 80}
: g
£ 560}
o & &
2 zaolf cak power: 1 MW
1-0.5 = . . .
*>& % .|/ Stripping eff.: 90%
I
-1.5 0 -
0O 02 04 06 08 1 1.2
Laser peak power (MW)
60
40
20 t
E
E 0
-
20 t

-60 -40 20 0 20 40 60
X [mm)]

J-PARC RCS: 400 MeV inj. for 1 MW

One should concern about the emittance
growth and also the lifetime of HO* (~5ns).

Trans. dist. at the end of injection.
( Simulation: TP: none, LP: full )




Principle of H- stripping by using only

lasers at [-PARC

Isao Yamane, Hiroyuki Harada, Saha Pranab and Shinichi Kato
PASJ, Vol. 13,2016, 1-11 (in Japanese)

Nd: YAG Laser

Nd: YAG Laser

A=1064 nm A=1064 nm
HO ' HY"
el & : P
€~ N XCTok
@-r-—--of- V2L @- - - P
Step 2:
Step 1: % Step 3

Excitation of H°
- 0 - 0* _

10
P.K. Saha, HB2018



Principle of H- stripping by using only

lasers at [-PARC

Isao Yamane, Hiroyuki Harada, Saha Pranab and Shinichi Kato Source: Internet

lonization
PASJ, Vol. 13, 2016, 1-11 (in Japanese) w5 S \JL-%%
Nd: YAG Laser Nd: YAG Laser et =08
A=1064 nm A=1064 nm n=2 3 340
HO S HO* AE=12.1eV |
€~ < : 20N 90° i AR =he/hg
O-r----f- =@ - P do= 102 nm T
Step 2:
IS-It_e-I-p 19 e Excitation of H° Stoe*p 3: - Greund Stam\e1
Y e HO + v HO* (n=3) H +y—>p+e n=1 13,60

Energy levels for the hydrogzen amm

10
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Principle of H- stripping by using only

lasers at [-PARC

. . C e el
Isao Yamane, Hiroyuki Harada, Saha Pranab and Shinichi Kato Source: Intermnet y44izatian

PASJ, Vol. 13, 2016, 1-11 (in Japanese) =E "'—-Jhﬁ
Nd: YAG Laser Nd: YAG Laser e =08
A=1064 nm A=1064 nm n=2 1 3.0

HO S Ho* AE=12.1 eV |
€~ < E N ° A8 =he/y
O@-r----f-)--ot-@-1-- PP A= 102 nmT
Step 2:
Step 1: . Excitation of H° Stoep 3: Greund Stan\;
H+y—>H +e H°+y$H°*(n 3) H” +y—> p+e n=1 1350

Energy levels for the hydrogzen amm

Eoh Laser Doppler effect of the 400
(eV) | (nm) deg nm MeV H™ beam:

H-—> H® 1.67 1064 Nd:YAG p=0.713, y=1.426
HOSHO* 121 193 63 102 Excimer (Arf) 7 fo{l+Beosoy

HO*>p 167 1064 90 743 ND:YAG

10
P.K. Saha, HB2018




(2
Pl Fxperimental area, beamline

B The POP demonstration will be performed at the end section
of J-PARC L-3BT straight section.

B The place is just downstream of the charge-exchange type
beam halo scrappers.

| - :
il !H!l L Wl p W
. * ﬂl LR B . L

‘ 0

P.K. Saha, HB2018 11



% )
O p— Experimental Setup and strategy

90-deg. dump (H?)
100-deg. RCS inj. (HY)

dump (p)
Foil
(in future)

L\
Laser and H= ’IP”

(Interaction point)

Scraper
section

400 MeV H- beam
from Linac

@® All three charge fractions can be measured in the downstream of IP.
@® We will installed a foil at the 90-deg dump to strip H® to p for measuring.

P.K. Saha, HB2018 12
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o2Yrrmc Experimental Setup and strategy
90-deg. dump (H?)
100-deg.
dump (p)
Foil
(in future)

L\
Laser and H= ’IP”

(Interaction point)

RCS inj. (H™
- (R) Nd: YAG Laser | | Excimer laser Laser beam stopper

H? /H°"‘(n=3) Y >
mirro>\ % }/mirror

Setup for the POP experiment

Scraper
section

400 MeV H- beam
from Linac

@® All three charge fractions can be measured in the downstream of IP.
@® We will installed a foil at the 90-deg dump to strip HY to p for measuring.

P.K. Saha, HB2018 12




o

l,‘ i ]
T — Beam line close view

N

90-deg. dump (H°) i-'r

Laser and H- ’IP”
(Interaction poi

100-deg. () R— 3 e b
dulmp(i) | L Chamber forthe . "H7'beam
Foi 0 4 _ s , o 3 ,
(n fars B 73, POP demonstration

RaRy

H
|n!

=

Scraper
section

400 MeV H- beam
from Linac
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Ve Vacuum chamber for the POP
P S PRRC .
demonstration ---- Installed

Nd:YAG laser

lonizatien

3
1]
B

111

i
Fa Lo

iy

Ground State

A=

Enmergy levels for the hydmmgen atom

Excimer laser window size:\Big enough for angle variation 67°<0<45°
- Try ionization of HOI o=47°, 7\.9 =91.2 nm |[A = Ay(1 + Bcosol)y]

P.K. Saha, HB2018
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(2 LI beam structure and M |
t’!}"—ﬂ?ﬂf eam Structure an easurement strategy

I-REGQ DT #SBTlN —B1,2- ACS —DB1,2 —JRCS

MEBT1

(324MHz) | MEBT2 (972MHz) | L3BT
190.8 MeV 400 MeV
40ms
< > 0.5ms

"+ * @ For the POP demonstration,

Cyw acro pulse We concentrate stripping
l4ps  456ns only a single micro pulse

of ~100 ps.
InW(l.zz Hz) @® We will use 324 MHz BPM
(Structur€ (@ injecting into the-RCS) electrode signal for the
3.0¢ns 5

Micro pulse (324 MHz)  measurement.

UL UULL

P.K. Saha, HB2018
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Estimated Laser energy for stripping

a micro pulse

Photo-detachment: L. M. BRANSCOMB, “Physics of the One-And-Two-Electron Atoms”,
Edited by F. Bopp and H. Kleinpoppen, North-Holland, (1968)

4& llllllllllllllllllllllllllllllllllllllllllllll
O E4X101 cm?
N’E‘ s
(*]
e
©
5T :
=] H™ PHOTOCE TACHMENT
g CROSS SE{:TION
wy [
(5 :
8 .
& /46 nm
| . 1 1
8] 2 12 14 16

] " a 10
WAVELENGTH X ( 1000 &) —==

Eph =1.67 eV, 7LO =746 nm
Saturation density ®° in PRF

®s = (E,,/0) =6.7 X107 J/cm?

r(H-) = 2mm, t(H")=100 ps

t;(collision) = 20 ps, t,(laser) = (100+20) 120ps
E(laser) = (D5/y) X (wr?) X (t,/t.)

=({3.5 mJ

P.K. Saha, HB2018 16




Estimated Laser energy for stripping

v,
O _j;-PRRC .
a micro pulse
Photo-detachment: L. M. BRANSCOMB, “Physics of the One-And-Two-Electron Atoms”,
B _ Edited by F. Bopp and H. Kleinpoppen, North-Holland, (1968)
H-+y2> H+e R
[T Photo-ionization:
e 17 ~rm2 _
NE Sl L.thi%%
) at 800n Mas =i =a-?s;;u"w
é ] W™ PHOTOCE TACHENT [ = :TZ".'E.‘“" I(?\J]El
g CROSS SECTION . . J ]
A 746 nm L ;’i/%%ﬁ, 50— 1.8 X107 cm?
U : g o i NN . L
¢ : ! wnvEfENGTH \ (1000 A) —e a il ' 2/

Eph =1.67 eV, 7LO =746 nm
Saturation density ®° in PRF

®s = (E,,/0) =6.7 X107 J/cm?

r(H-) = 2mm, t(H")=100 ps

t;(collision) = 20 ps, t,(laser) = (100+20) 120ps
E(laser) = (D5/y) X (wr?) X (t,/t.)

=({3.5 mJ

P.K. Saha, HB2018

Average photoionization cross sec

102 d — 1072

4
103 5 —1i0-
6
7
. 8
- =4
o g 10
1075 —{10
I\Il|._|! | III\IIIJ 11 1i1ifl
2
10 o ) 1057\( g)ws

E(laser)=|7 mlJ
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Laser energy for HO excitation (n=3): SNS case

PRL 118, 074801 (2017) PHYSICAL REVIEW

LETTERS

SNS, Oak Ridge

1 (mA)

-0.2

-0.4

-0.6

First Demonstration of Laser-Assisted Charge Ex

for Microsecond Duration H™ Beams

0.8
0.6
0.4
0.2

0

-0.8

Stripping efficiency: Achieved > 90%

12

402.5 MHz

Laser pulse and peak power:

Nd:YAG laser of 1064 nm
= 3 hc (355 nm)
Synchronized to 402.5 MHz
H~ pulses.

Laser pulse: 50uJ, 50ps
=» Ppeak: 1 MW

17



Lasers we have and expected stripping

efficiency for the POP demonstration

1. YAG laser (1064 nm pulsed)
E=0.2~0.6J, 510 ns (FWHM)

2. ArF Excimer laser (193 nm pulsed)

ArF 193 nm excimer laser (by Mlase)
E =13 mJ, Pulse length = 5-10 ns (o)
Bandwidth: ~4THz

> P_... > 1MW can be reached

pea

D'=-13 —

o
o

e
o

T. Gorlov (SNS), Saha
HO 2 HO* (n=3)
Ppeak 1 MW: ~90%

<
=

—
o

HO excitation probability

o

0 1 2 3 B 5
Laser peak power (MW)

P.K. Saha, HB2018 18



Lasers we have and expected stripping
efficiency for the POP demonstration

1. YAG |aser (1064 nm DUlSEd) g 6 Excimer laser’ ZOnS '
E=0.2~0.6J, 510 ns (FWHM) ﬁ'
[S¥
2. ArF Excimer laser (193 nm pulsed) -
ArF 193 nm excimer laser (by Mlase) §’
E =13 mJ, Pulse length = 5-10 ns (o) ;
. ~ A
Bandwidth: ~“4THz O R ﬁﬁer stripping
2 P_..« >1 MW can be reached 3 ] H™puisRer stripping —
I ?"\] 0 5 10 15 20 25 30 35 40
> D = .13 ™ Time [ns]
£ 08 o Typical 324 MHz BPM electrode signal.
£ 06 T. Gorlov (SNS), Saha The red curve is an expected change of the
g 04 HO S HO* (n=3) H- signal (black) due to its stripping to p.
2 os Ppeak 1 MW: ~90% We expect 90% stripping eff for at least
o
=, one micro pulse which matches at the
P Laepkowaaw) | center of the laser pulses.

P.K. Saha, HB2018
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Manipulation of H- beam for

reducing the laser power

Extensive manipulations of the H= beam are very
important to reduce the laser power, especially
for the Excimer laser.

For us, the order might be as follows:

% Dispersion derivative of the H- beam
% Minimization of the betatron angular spread
% Shorter longitudinal beam size. 6, <100 ps

P.K. Saha, HB2018
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Dispersion derivative and minimize betatron angular
spread to reduce the laser energy

Required maximum angular spread (Aa;),,, of the laser pulse
to cover ion beam (Ref: I. Yamane)

B(B + cosa) (Ap Bsina
1+ fcosa (p)+ 1+ fcosa

1+ fcosa
Bsina

(Aap)m = ( (A0)m, ) X

P.K. Saha, HB2018
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Dispersion derivative and minimize betatron angular
spread to reduce the laser energy

Required maximum angular spread (Aa;),,, of the laser pulse
to cover ion beam (Ref: I. Yamane)

(Aayp),, = B(B + cosa) (Ap N Bsina
Lm 14 Bcosa \ p 1+ Bcosa
Utilize dispersion

d S r|Vat|Ve V. Danilov, PRST-AB, 2003
Eliminate transition frequency spread

1+ fcosa
Bsina

(A0),, ) X

P.K. Saha, HB2018
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Dispersion derivative and minimize betatron angular
spread to reduce the laser energy

Required maximum angular spread (Aa;),,, of the laser pulse
to cover ion beam (Ref: I. Yamane)

B(B + cosa) (Ap Bsina
1+ fcosa (p)+ 1+ fcosa

1+ fcosa
Bsina

(Aap)m = ( (A0)m, ) X

Utilize dispersion

derivative V. Danilov, PRST-AB, 2003

Eliminate transition frequency spread
Uniform laser beam

® Hydrogen atom with different energies
have the same laser light frequency in
their rest frame.

® Uniform laser beam.

— Gain on the laser peak power.

P.K. Saha, HB2018 20



Dispersion derivative and minimize betatron angular
spread to reduce the laser energy

Required maximum angular spread (Aa;),,, of the laser pulse
to cover ion beam (Ref: I. Yamane)

_ (BB +cosa) (Ap Bsina 14+ fcosa
(At = ( 1+ Bcosa \ p T 1T Bcosa (BO)m ) X Bsina
Utilize dispersion | I hReduce betatron
derivative  y paitov PRST-AB, 2003 angular spread

Eliminate transition frequency spread
Uniform laser beam

® Hydrogen atom with different energies
have the same laser light frequency in
their rest frame.

® Uniform laser beam.

— Gain on the laser peak power.

P.K. Saha, HB2018 20



i o
é,ﬁmﬁ: Minimization of betatron angular spread

X’

Transverse beam emittance:
€ =1yx*+20xx’ + Bx’?

v=(1+a?)/p

tan(20) = 20/(y-B)

o, B, v, € are called twiss parameters
Angular spread 1s controlled by optimizing o to zero and
also with large 3.

P.K. Saha, HB2018
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d

4

1

Trial manipulation of the H™ beam

g
i

Dispersion [m]

Bunchlength(rms. deg. 324MHz)

Nominal . Transverse beam optimization at the IP
Ist trial =t Twiss Piot
’ - 1P «] ~ Typical | 1P
Dl=+-0:13 R
‘_%4.0 E / +14.0
1 AN NN A
| A : VAVAN-
. . . l'lllﬁﬂ .”1""" U “‘f’“ o “’""l)‘ lijﬂ
0 20 40 60 SO 100 120 140
Distance from the ACS exit, S [m] . w15t trail of optimized for -
S " POP experiment
- ) VA I
o /N /,/
mZ.O* \ 2.0
tion %8"" / \\/ \\ a0
by Y. Liu) o
A b £0 of DB (MWm; N!TIJJ le” i ITU B ”:%“l) ETO I]lmﬁ i l3| = |
Further studies are planned

P.K. Saha, HB2018
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@ Measurement method of stripping

t’f;"-ﬂ?ﬂf T . .
s0-deg. dump (Ho) ETfiCieNcy of a single micro pulse
100-deg. RCS inj. (HY)
e L S
(in future) Scraper
ouT

Laser and H- ’IP”

(Interaction point)

Half
IN 1X103%
49.999%
Scraper
SeCtion o 2 X 10-3% < 10-10%
400 MeV H- beam 99.998%
from Linac

Checked by inserting L-3BT scraper at present

(Charge-exchange type transverse beam halo scrapper. Stripped protons go

to the 100-deg. beam dump)

The 324 MHz BPMs electrode data was taken by a fast oscilloscope.
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Stripping efficiency of single medium pulse
can easily be obtained by using FFT analysis.

Amplitude [Arb. Unit]

Measurement techniques: Experimental results

394 MHz Scrapper out

Scrapper out
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However, we have to obtain stripping efficiency
of a single micro pulse of 324 MHz.
- Analysis of individual micro pulse

P.K. Saha, HB2018
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(5 Analysis of individual mi |
2 Nalysis ot indiviaual micro puise
v’ﬂmn: Y P
100-deg. dump (p) L-3BT line (H™)
0.3 ——— 0.3 —
Scr. fully in Scr. out

> (o | Scr. partially in 0~ | Ser.partially in
E
= 01 f 3ns 0.1
a 0 0
=
% o1} 0.1
a: =U. =

0.2 : 0.2 '

100 110 120 130 100 110 120 130
Time [ns]

p fraction: pink to red ] .
H- Fraction: black to blue @ Possible to measure stripping

100 ' — ~ efficiency of individual micro pulses.

Scrapper partially in HE °

80 | ; . .
5 Lines: Average | | @ Jseful also for micro level check in
= 60 | : :
8 long pulse/multiple pulses studies
g 40
&
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We have just started R&D of the lasers.

At present mainly for the Nd:YAG
laser up to with 0.2].

7

2
//;7/77/

Lt v ¢
o |

PK. Saha, HB2018 Angle control and optimization. Applicable for laser A, change 2



Laser storage ring ? (Y. Yamane)

H. Harada Sl
N ——>laser output Other applications? |
& amplifier’ ! monitor We have started R&D studies.
Q Lo
> &L — N\
Y : o
— waist
: : Lens Seed laser
24 MH plitter mirror N
< i Zﬁ (transmission: ~1%) 100mJ, 100psec, 25Hz
=)
I = & §
amplifier
- /&\ NS
AR
’?2{%0\ N @\b S
%, e &
o, =~
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Laser storage ring ? (Y. Yamane)

H. Harada Sl | ;
—| ther applications:
> T moni o We havep IL;tarted R&D studies
é\b N ampliﬁer': ! monitor ]
T O NG f
— waist
: : Lens Seed laser
plitter mirror
324 MHZ{ (transmission : ~1%) ~100mJ, 100psec, 25Hz
=S :
= May be the most difficult part
amplifier for practical application!!
A\ /'I/ (’b‘\
’?){%0\ - @b >
/f}of@ xQ &\6
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Nd: YAG Laser
A=1064 nm

Nd: YAG Laser
A=1064 nm

% The H™ neutralization study first. JFY 2018 goal.
% Full scale experiment, POP demonstration: JFY 2019

% Setting/placing the laser station for the POP
demonstration is one big issue.

P.K. Saha, HB2018 28



4;? . Application of 2 mirror cavity (like Fermilab)

for reducing individual laser pulse energy

Nd: YAG laser
| . . i
(1064 nHT)e . HO > HO David E. Johnson, Fermilab
H%* > p ArF Excimer laser . . .
ﬁgs nm) Private communication

At Fermilab, 2 mirror cavity system also called zigzag cavity
— - (Linac Laser Notcher) has been developed and successfully
applied for the routine operation.

== || 2 Very efficient to reduce the laser pulse energy.
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(@ Application of 2 mirror cavity (like Fermilab)

t’f;"-ﬂ?ﬂf . _ o
for reducing individual laser pulse energy
Nd: YAG laser
NI R David E. Johnson, Fermilab
(193 ) Private communication

At Fermilab, 2 mirror cavity system also called zigzag cavity
— ' (Linac Laser Notcher) has been developed and successfully
applied for the routine operation.

== || 2 Very efficient to reduce the laser pulse energy.

] L
0.8
0.6 |
04}
0.2}

0 4
10° 102 10" 10° 100 10°
Laser energy [mJ]

| pass —
-10 passes —

H neutralization fraction
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{;:_",Wm_— Application of 2 mirror cavity (like Fermilab)

for reducing individual laser pulse energy

Nd: YAG laser
| * : I
(mfszrlnHrg)9 . HO > HO David E. Johnson, Fermilab
H" 2> p ArF Excimer laser . . .
(193 nm) Private communication

At Fermilab, 2 mirror cavity system also called zigzag cavity
— ' (Linac Laser Notcher) has been developed and successfully
applied for the routine operation.

== || 2 Very efficient to reduce the laser pulse energy.

‘ % Application for the UV (Excimer) laser is
: highly interested.

% Would be effective for the HO excitation.
% Extensive R&D studies are required.

| pass —
10 passes ——

H neutralization fraction

10° 102 10" 10° 100 10°
Laser energy [mJ]
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{;:_",Wm_— Application of 2 mirror cavity (like Fermilab)

for reducing individual laser pulse energy

Nd: YAG laser
| * : I
(mfszrlnHrg)9 . HO > HO David E. Johnson, Fermilab
H" 2> p ArF Excimer laser . . .
(193 nm) Private communication

At Fermilab, 2 mirror cavity system also called zigzag cavity
— ' (Linac Laser Notcher) has been developed and successfully
applied for the routine operation.

== || 2 Very efficient to reduce the laser pulse energy.

‘ % Application for the UV (Excimer) laser is
: highly interested.

% Would be effective for the HO excitation.
% Extensive R&D studies are required.

| pass —
10 passes ——

H neutralization fraction

We made collaboration with Fermilab for the
“Laser manipulations of H- beams”
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10° 102 10" 10° 100 10°
Laser energy [mJ]




I Summary and outlook

B Preparation for a POP demonstration of 400 MeV H~ stripping
to proton by using only lasers at J-PARC is in progress.

B Laser R&D studies, H- beam manipulations, numerical simulations
are under progress.

Bl A single micro pulse (100 ps) is expected to stripped with 90% eff.
B Measurement technique for one micro pulse has been established.
B Laser storage ring/other applications should be developed

to cover the whole injection period.

B The H™ neuralization study in JFY 2018. POP demonstration in 2019.

Application of Fermilab 2 mirror cavity can be considered to
reduce individual laser pulse energy.
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O - Summary and outlook

B Preparation for a POP demonstration of 400 MeV H~ stripping

to proton by using only lasers at J-PARC is in progress.

W Laser R&D studies, H- beam manipulations, numerical simulations
are under progress.

Bl A single micro pulse (100 ps) is expected to stripped with 90% eff.
B Measurement technique for one micro pulse has been established.
B Laser storage ring/other applications should be developed

to cover the whole injection period.

B The H neuralization study in JFY 2018. POP demonstration in 2019.

Application of Fermilab 2 mirror cavity can be considered to
reduce individual laser pulse energy.
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