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Abstract: Laser cooling of solid material is also called anti-Stokes fluorescent cooling, and it is a developing all-
optical cooling technology in recent years. The key question of this cooling technique is to choose suitable materials.
Taking Tm®" ion as an example, relationship between the minimum energy gap and the laser pumping rate is
analyzed, and the relationship between the energy gap and the cooling power as well as the relationship between the
energy gap and the heat-light converting efficiency under the different pumping rate is studied, then the relationship
between the optimal heat-light converting efficiency and the pumping rate is obtained. It is found that energy gap
required in the cooling cycle should be at least 4500 cm™'. It is more appropriate to choose the energy gap at 5000~

6000 cm '. Finally, the feasibility of laser cooling of thulium-doped material and the choice of host material are
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briefly discussed.
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Fig.1 Energy level structure of Tm*" ion

B RE Tm' B 78 ARk —MROtHE L T
hv, AT EEG° He B9 1 ALBRIT R EREGCF, 1 2 4k
BE FETERRR F. N IE Bt 35 (BP TR 48 3 BRI
Z 34 R)E, T’ B THE — NPT Av, K
‘F, M3t B RIRIER He 19 4 b, RIEFHE N
Pt B (BRI HR ST BRGE) = 1 4k, T R — A~ AT E
Rt HA & HBotHhE —sOE NS AER. BT
BB TR S BRE TE — N ROL R IR R R P 2
177 16 F) o 45— AR B0 B 1 P B SEBR st 2° Hs R
AP, BB N IG5 5 BR T BT S PR R 2 AL
NT BT bt RS BB B g Sy, AR
ol #8° He BRLLAN’ F, BEGR N 1 048 B BRI 5 5F 2
RS EIHBMES T RAERENE 1 FER
TEER R W AE R, X R MT YO g s,
B 1P SO AA KK Tm® BB AT /LN —
ME SRR R AR L, A 2 P, K
| DRES, |2 BRE, FTEHRIERH -
i) — BB R R g5 (L B 2) 5 43 Hr o O il ¥ v i Ok
filia — POt E R .

"

12 .
Nonradiative " 5
transition .

hy hy, §
laser pump | fluorescent AE
radiation

k.

11

B2 HKRERSH

Fig. 2 Simplified energy level structure
R 2, BRESINMAS THEKFHABERN
PER AE, SRS SR RIEE N 6, W) JC 48 5 BREE
R W, 5 AR BE Y < o0
Wa = Woexp(—aAE), (D
Xp W, fila BERMEMBHXNSE, D T’
$%¢ ZBLAN R , Wetenkamp 25" %t 241k} ifE 47
TEHEWNESHEL A, BB W, =1.99X10° s,
@=2.1X107% em ™' ,IRFER I B h RFEAE RS R
FER RS RERFIE R, Z W40 BT R HR
BB R AL 5 R, 0K A5 I 3 BB & SR AR B
g 65 W) LA A R] PN TG S BRE 7= A I S BCh
N..=W,exp(—aAE)AE/S,
LR A R T 5 R A B, B R BRI B AT LAGE




10 BfhA%E: Tm® BRMEH0LS BT 1377

S AR AT E — AN T, AL ] Y 4R 5 BRAE IR U
W FHCR
N.=[W pump —Woexp(—aAE) Jexp(—8/kT),

X B Wouwm, Az H 3, B 5 i % T F AR kK
WRBHRXNSE RBA R NREBMAS LK
BT, k RBRESER, THEMNBE. B4,
2 N.Z=N, B, RREBOCHIR BN .. FIBHE-K
S BB Y e FAF DL, BY N =N, RATH

OW s exp(aAE) — Wy AEexp ( ]%

)—Woa: 0.
(2)
)R F, BEAE T=2300 K(ZE)f1 6=
230 em ™", 2 BUE W] AE S5 50 HOE il PR R S
WMWK E R HEE . FR SRR s
R0, M filis HRAE 100~1000 s~ Z A} 254k
A, 1 (2O KXW BEHHER B B0 HE R 5H0E
¥ B /NRB LR RN BE Z R IR R, 4Nl 3T~ . FH 3
A, B E 52 R 1K, B/ ¥ BB A BE A
DT I /)N 5 33 2 D A B % 1) B P 8 /N & S BOTC HR AT R
TE LRI BE0 33 30 B oK BE i i il s R A B AR 7
PO ., ME 3KEE LB EOEHIR BB R BE 2
/BRI 4500 cm Y,
5800-
56004 Y\

5400 \

5200 ‘\
5000 ] \\\

4800 .,
4600- e
4400-

0 200 400 600 800 1000
Pumping rate W - /87!

Minimum energy gap AE/cm™

Bl 3 B/ BRI B RN R
Fig. 3 The relationship between the minimum energy

gap and pumping rate

3 il TR MM BRI R

7 [ b1 LR O 20, 8 T R4 2o
TR TR, ZOR B 5 MR & 18 i B4 1A
BT BRI K s 5 — D5 T R T S e BB R
WERABBOEETHERSATRERK /N, HI, %
BRI ) BB 2 W) BE 2 BOL ¥ A1 AF BB 58 i 20 )
R, (5] Bf B %o o ¥ Zh R AR R R A R R
AN

3.1 HIAWEMITE
BB AL I TR] P 52 30 6 e S 9 L ¥ I T 3 P oo 7]

e X

Poo = Pgy — Pay = Pus A/ — 1), (3
N P 1 Py 23 31 2 B4 864 4 0 W i 32 56 T R 58
JEHR S T E, A REOLHIE K, A Ry B T R B
Ko AT, BALE R A & DR E

Poy = (N, — N,)o =

Q4. —Wm)é‘exp<— 0 )—WmAE, 4

kT
A PR — TR A7 I [R) P9 4 S BROE MR MR TR
TR, 58 T BN A 1] Py TG A BRAE 7 A 7S T R0
&, FAGWEBMNBUETE T AR ERT
BT B ) P ¥ TR 5 R AR R IA] BE Z R B SR R, S5 2R
W 4 Fin. BB 4 ATLAE S, H1% SR E s T
FRKHE KT K L F ELBEE BB 4 18] B FR 3 0K, % 2
FAWTHE TN B 8 T B RE {H Woum, Sexp(—6/2T) ,
BB T TAE ARG Z I BT i & T R B
T 1 e

84 1000 s
=T
g ]
Q
53 51
£e
2 1]
L34
e
25 21 2005
OF 1] /——-———'
0 . y T T T T T T ]
4000 5000 6000 7000 8000
Energy gap AE/cm!
4 R[EhE BT AL A v S R
RRZ 1) PE Y56 R

Fig. 4 The relationship between cooling power per unit

interval and energy gap in different pumping rate
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efficiency and energy gap in different pumping rate
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