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Energy measurement of laser-accelerated multi-MeV protons by using nuclear emulsions
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Abstract

Nuclear emulsions are applied to identify multi-MeV protons accelerated in a laser-driven ion acceleration
experiment using a hydrogen cluster target. Because intense laser-matter interactions generate not only ions but
also copious electrons, including secondary electrons induced by X-rays, which are recorded as background noise
in a nuclear emulsion, they have never been utilized for the detection of laser-accelerated ions. Here, for the first
time, we have succeeded in identifying the signals from laser-accelerated protons in nuclear emulsions by
suppressing the background noise signals through the use of desensitized development conditions, i.e., a developer
solution with a pH of 7.3 and a development time of 25 min. The energy spectrum obtained from a stack of
nuclear emulsion films shows good agreement with that obtained from a stack of films of the conventional
solid-state nuclear track detector material CR-39, which is sensitive only to ions.
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b,

PRI 14 TR ATARAL D 72 O IR P RZ B 13 X
QYD UM E» TEURIEEL S D,

nAgBr + Red — nAg + (n/2)Br, + Ox (2)
Z 2T Red [ ZBUBIK (Z AL, Ox I EE AR
ZRT, TOMLETRISIZEY . A A TR
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T, &MB) & (CYDOFEFTIFXILIT / A Xfisy D3
BEBRFFITMZ o, BT RORM2EET2 2
ENTET, DFEV, FBRTFFERTHWLND &
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JRFHZELIR pH IR{GEFR ()
(i) TR (A 98 25
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(C)y 7.3 25
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2. MR DR R

HZEFM
155 259 40 5

FLFIR T+ RERE FH RERE FH L RERFE PE HEE
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KHE0.05 LV b K& W7o, EHIRIEATICA &
RENDD EIFEZRWVERERNRELNZ, 202
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AR L, BRI L > TTFRTOBTHR
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WIZ, & HIZEWEURIR ] TILE AR AL
BEEDHDINE I DERRD IO, (i)Hik &
(i) B OFEHT 2 3FI L, 25 3 (GRHC)E &6
[ZHE 15 3 (SRMHD) THRB E1T - -, BURIKIT
EHIT pH=7.3 ITFR%E L7z, BUgtk. RO H v
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EWOFROFLAIE TIL p EA 0.000 &7 0| FHy
RABICAH B EN DD E VI FERBE LT,
L7=M o T, REEBUS (pH=7.3) THUZFEH 23 15
DT OGEIE OB TR 22 % & L
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Xl 4. 5 OBALSM () & Fod bR B S (0)iz 1T 5 100
MeV BB BIRIE DE W, BRI B A TR~ & S
LTW5b, EBBLDEMIZBWTE 100 MeV DREFHr o
TREF TR TE D0, ()OS F Tl RE T OB
WFE A EERNTV RN ENFERTE 5,

BUBREIA 25 WO SRR RE CHDH Z L %
RHEL,
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RRE O f i S (BURIR pH=T7.3- BUG R 25 47)
DENEZREND DT80 | TERRE FH AT
N kLRSS HIMAC « W ER L S = PHL
a— 2 ZFH L TRFERIZ 100 MeV D5+
#3(10* protons/mm?) Z- B & U 7=, BRI 4 128 D Bl
B L U — — BB A A I SE BRI A b
ENFBMGSEMECEBG Lz, X 4 [ CEEMEIEG O
gz md, B 5 OBURSEAMTH 100 MeV D
TROREN IR I N TND—F T, IKETD
TREBR 1338 B BG & i U 72 B R O 2 Tld -
XVHERTEZLZ Enbnd, UELD ., Kl
INT-BULSIE T CILE FROREEA BT, 2
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X 5. MeV kD L —W —IEE-HROTRY, B
VIR AR L CREICAFH L TWAH 2D, K
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LAEAGHK LT, 72720, WiEEGRAEROBRICFE T
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e BTz,
3.2. MeV ik @ L —HF — G F#R = /b F— A
7 kv
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2 BT ETROT, BRI (XY
SEENS R U CIRE Sz @) AR L TR,
MR TIX z AT — V5N T 2 L Tz 8l
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NoMEE G A SR L-b a2 Rd, 2770, W
JE 5 A R DBRIZ IR U v 7 & VAL E (A6 L
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AT DL Lic, RO THENRTZZ LA
VRORN o TRALDRMEG OB DE L
Tz B, TSR A RO R
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1% 140X 226 ym* TH 0 T X TOREHZ SV THEL
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R LT,
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TRNKX =T 4 NVH = EHRZAT v I 5

BN RN F—AT MO IR AR, 7B,

CR-39 LN R F—RAT FVITRF

1 X 10,

— BT
_ — CR-39
e
S 1x10°
=
\'.f ———————
>
L)
2
S 1x108 :
B | | -
N l f—="T"
oox107 L
EN | | l
1x10°¢

4 SI (I) ; éls EI) llU 111 12
BFEHI R ILF— MeV)
X 6. MeV kL —3F —NHE 4RO = R LF— AT |

%/?hi T — N\ — [T BAELET ] O TR A S OIE R 2

#hﬁk%@ﬁ%t41mmvmam%rfog
THZHER D B 15 B AVTZ G SR 1L CR-39 DFE R & 1%

1 HiINC—%& L7z, F7-. J??’***ﬁi*ﬁ@?«&@
RAEMNOHEE S D TRV — DT 1%UW
Toh-72[22].

4. FEFE
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b EERE V=Y —OMEEMRIZ L > THRAET
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Al Bl b BB SR A R Uz, BRI B
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