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We demonstrated a 106 J, 10 Hz laser performance by an LD-pumped Yb:YAG ceramic laser with cryo-
genic helium gas cooling. To evaluate the laser amplifier’s performance with a helium gas cooling
scheme, we are developing a 10 Hz operation with 250 J output. In our 106 J, 10 Hz output experiment,
each laser amplifier was cooled with a helium gas mass-flow rate of 87 g/s for several kilowatts of pump
power. As a result, a focusing property was affected by thermal wavefront distortion. We evaluated the
temperature distribution of the laser medium to the flow rate of the cooling gas from experimental and

thermal calculations.

Key Words: Diode-Pumped Solid State Laser, High energy laser, Yb:YAG ceramics, Helium gas cooling

1. BU&HIZ

Bt ya—upsdada— Lo v AL
VE—%ETHL—F—1F, L —F—EamEs %
L= — RIS L 2 m RV F R, L —
W R T IR & 2R T A R 2 DIB S 72 R4 7
WHE <, ZOEEMIEE > TnL. S5\, #EHE
GHANOIGH & L TE&BEBMEA~DIRIITE5 2179 L —
PF—UE—o v FFEOR L —F o mv HHEE & %
B x A DR 2RI O THAMT COFME b P
NTV5, HZANVF— L —F—DERIIZEITT, 100
Va— VEBROEV VAT AV E -2 AL, HHz L
LRV R LUEBEETEET S L - =k LT
fk L — 4 — (Laser diode: LD) & Jfhit2 |2 Fv: 72k L —
4 — (Diode-Pumped Solid State Laser: DPSSL) |2 & % &
Y87 — L —F = oOWgEHESTb LT 5812 2016
I, EEETF TNV —TI125 D 105], 10Hz D
WS —1kW 22 5 L —H =V A9 R T
MO TIEIFENY, 2020 4121FZ 1% EFS 146 7, 10 Hz
OHIPBEE SN0 Fr ORIV — FIZBWT
$,2021 4£I2NEDO 70 Y = 7 MUZBWTKIEAY 7

AHAGH - BT JILD B Yo:YAG® T 2 7 AL —
H—%B3E L, DPSSL & LT1/89VAH72) DT A
Fr L THARSD253]), 02HzO & ERK L
7229 /RO L—F—FEEH F T A NRX~ND< AV A

N=>T®H51k], 10HzD L —H =7V AT DI
IV C, 10 Hz RIS & 5 250 ) D o Bz iifrifze 2
HEDHT V5.

100 J RO KT L =9 —Tld, BIHIRDO L —H—
WEZ GBIV T 714 A7 FRPTEH SN T 5,
BRI X o CL—F—BE THRET LT 1 A7 D
KAFEZ G2 L, BEN RGPS TE 280855, &
DO—hT, L—Y—AOHE M OIREZTAN L - THE
U2 8EHEADIHISHREL o T D FAE, L—
PF—BEIZYYAG YT I 7 AFH0izvVF 71 A
7 HRNT, ARIEAY 7 A H AEHN X B ERhEG L
B TR TE A O IPHI 18] CHE IR 2R O BAFE % FEAM L 72,

2. LD mifKE Yo:YAG €5 X 7 XL —H — D%

AFEITlE, 2507, 10Hz % Hig LWiZEhlEx D %
L —HF—OMEZid. KL——3 27 a10%, RS

TUNEDO[ EHEEE - BRIk AR L — 5 — 3T B 38 | © https://www.nedo.go.jp/activities/ZZIP_100124.htm]

5551 BB 95

1067 X 10 Hz IR 7 A AGHIY NV F 74 27 Yo YAG L — W —HilEGHZ BT 2 BLHEA O 585



EEG 77Uy by FE3IHROEMIRHE2 SR S
B2 FREERE, L —HF— T AV FE— % 100 ]
IR 2 EHIESE 1 B L OV 2 & 250 T AR~ 5 £
RS 3 O FEIZ 2 FHHOMIEAY 7 A H AFH O~ VT
T4 A7 YRS s, FMIESRO L — Y —#EICH
W2 YB:YAG £ T 2 7 A%, Nd RDOMOBEE I A
b — 7 AR 7 IV L AN L, wOHEAIE W
Ay bps, L—=¥ =T A7 20/ LR 2 ME
ZWHEE T4, EMIERIBLT2IHWZL - —
Ay FOMBEE % Fig. 1 12RF. 150 K OKIEANY 7 4
H AT YDYAG £ T 37 A%EHT L0, GHF v
YON— R EIZEF v yN— TS A L L7 bR
121, 4D LD EVa—VEHW, 1 EHZ) R A
VEF—=H 10TV ATE 1 ms), &7H440] TETH® 4
HmpspiE Lz L= —EEici HEOIE
@120 mm JE & 10 mm T, fIAIIZ Cr:YAG £ T I 7 AH%2
YRV Y MEA SN YOYAG £ T 2 7 2 (MEALEL
FRASHT ) ZIRE 1 B472 0 6 BV Ay 7 A
HATEBRBEE L, TkW LLLEOWHIE 2 H L, SHEsh
ToN) 7 N A e EIEZE 1 B L OV 2 12 LA
B, THIES3IE, LDEYV2— L& SEHV, ETH
DD 8 JiMH b IR 1 D 2 f5L & 7 B Kb
LA F—1kI THENTRETH D, L —F—EEIC
i, APESTUAIE 120 mm, JEE 10 mm TEIEIZ Cr:YAG
I ITAPAYREY Yy FEA I YbYAG £ T 3
7 Az 10 BH W7z, BHEIRESE 1 B L OV 2 ZERIzAY
D ARG & I CERIREE 3 2% HI T AR & 3
L2 LT, R NT —10kW I2B W T T R HihT

|
)X) ¢

<"1,f" \ € =

Cr:YAG

Helium gas

Pump

120mm
Yb:YAG Ceramics

Fig. 1 Schematic of laser head in main amplifier 1 and 2.
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Fig. 2 Experimental setup for 100 J, 10 Hz demonstration.
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Fig. 3 Characteristic of energy extraction in main amplifi-
er 3 at double-pass and temporal pulse shape at a
106 J output.
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Fig. 4 Stability of output energy at 10 Hz operation.
(about 17000 shots)
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Fig. 5 Beam profile with 106 J, 10 Hz output. (a) Near
field pattern and (b) far field pattern.
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(a) Mass-flow rate: 43g/s (b) Mass-flow rate: 95 g/s
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Fig. 6 Thermal calculation result in main amplifier 1.
Temperature distribution of laser medium (a) at a
cooling gas mass-flow rate of 43 g/s and (b) mass-
flow rate 95 g/s.
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Fig. 7 Maximum value of optical path difference in evalu-
ation area to mass-flow rate of helium gas.
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