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Abstract: The angular distribution and spectrum of Cherenkov photons generated by electrons in water
were simulated by means of Geant4. And the energies of the electrons were 0.5,1.0,1.5, 2.0,
2.5 MeV. Then the effect of the secondary electrons on the Cherenkov photons was discussed.
Besides, the absorption of Cherenkov photons in water was discussed. It was found that the
Cherenkov angular increased with the increase of the energy of incident electrons. And the absorption
of ultraviolet band was obvious in the propagation process of Cherenkov photons in water.
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Fig. 1 Geometrical sketch of model Geant4

_c_ 1
cos@—nv n,@’ (1)

, 1
Emc( 7 —1j, (2)

Hrrs B=%; n AT TR o WA TR MRS PR EE ;s E O A T REE

my AP, Q) S FEKF 74 Cherenkov 8 5 T 5 i Fe/NE R M 0. 262 MeV.

B =435 0.5,1.0,1.5,2.0,2. 5 MeV A HLF7E K H 7= Cherenkov 5 5 6 (1 £ 43 15
ZERnE 2 iR, Hop A 80O 100 000 4. f B 2 AT, ARSI A — AR BEE , WEXT IV Y
J3E By e 5 £ 6.

AEHE 438 0.5,1.0,1.5,2.0,2. 5 MeV AH ML F7EK H1 #9 Cherenkov 8 5 fi S RE R M X R W
K3 s, & 3 AT P AEK Y Cherenkov 58 5 B 0B 55 BRIS (EAH 22 /s S8 53 0 BEfE
M XEINEEi AR K. X2 T pRERE R E IR R, Dl g R A 4R 5 A 0 B K.
2.2 RZEH FF=4£ Cherenkov {51 Xt & Cherenkov 45 5t 3¢ B9 22 1

e 7 0.5,1.0,1.5,2.0,2.5 MeV AW 9% HLF IR G i F 7E 7K th 77 2 Cherenkov 8 4
WAL 5 AN 4 frw, HASH T 100 000 4~ B 4(A) w9, T 7= 4= Cherenkov %8 5 £ 19 43 #ii
i K AB) W5 WY T AR B Cherenkov B8 51 A B9 20 A 45 55 18 4 (C) RIS T 77 A=
Cherenkov 5851 f 09 /3 A 45 %5 & 4 (D) K 0.5 MeV ¥ % 7 5 %) 9% o, 7 A1k 2% e, 7 3L ] 7 4=
Cherenkov 5 5 # 1 43 7 45 5.



%1 Z= o, & BTPEKRH A Cherenkov F T B Geantd £ 123

1.4 60
—=—0.5 MeV, 6=30.8° WM
S BN —o—1.0 MeV, 6=38.2° ss | o ﬁj{;m
F=S ——1.5 MeV, 6-40.2° ~
= 10 2.0 MeV, 6=41.0° 50 |
=l —+—2.5MeV, 6=41.4°
z 45
N 0.8 —
BE % 40
z 0.6
g 35+
5 04
B 30
© o2 25 L
0 i 20 I I I I I
0 20 40 60 80 100 0.5 1.0 1.5 2.0 25
6/(°) E/MeV
2 Cherenkov EE5t X EKHH AN Bl 3 KB Cherenkov BT A S BEEM X R
Fig. 2 Angular distribution of Cherenkov Fig.3 Relationship between Cherenkov radiation
photons in water angle and energy in water
90  (A) —=—0.5 MeV, 6=30.8° 90 - (B) = 0.5MeV, 6=30.8°
30 —o—1.0 MeV, #=38.2° 30 —o— 1.0 MeV, 6=38.2°
i 7J< IRERI 2% —— 1.5 MeV, 6=40.2° |7k IS —— 1.5 MeV, 6=40.2°
70 —v—2.0 MeV, 6=41.0° 70 - T —v-2.0MeV, 6=41.0°
—+—2.5MeV, 6=41.4° T 25MeV, 6=414°
60 |- ﬁ 60 |- \
N\
50 I

50 10 m #\

Cherenkov )t FAIXT 0%/ %
Cherenkov )t T HIXT 408/ %

©®) T

B S v WL TR T
= 120
=1 =
' B > SV, " 10+
Zog [ M . g /k Immu
8 -
g z o |
5 g |
g0 g 2t o
e xix::;t,qh
0 I I i O]
0 20 40 60 80

B4 #EEFE5RKETF=4% Cherenkov 48 5 33 b 45

Fig. 4 Contrast of Cherenkov radiation generated by primary e- with that by secondary e-
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Table 1 Contrast of Cherenkov photons generated by primary e- with that by secondary e-

E/MeV BT CE G S e WL T A WP T 06T
B/ v EU/A T EUA HEJET A/ %
0.5 1233761 1 154 046 79 715 6. 46
1.0 4730 476 4541 014 189 462 4.01
1.5 8 781 387 8 453 755 327 632 3.73
2.0 13 066 835 12 573 955 492 880 3.77
2.5 17 487 100 16 796 160 690 940 3.95

31 AT, I IR L 7 7= 2k Cherenkov 8 5 1006 5% 34 [ R 2 % 38 i 3 i, (B vk 2%
B, T 774 Cherenkov 585} 5 T 8001 15 L1 4 /)N.



124 O R R GE RO o553 %

2.3 ANHEFEKHHE Cherenkov 35 Hf F i
A LT AT AR A T PR A LSS 1) Cherenkov 38 856 . MBise B 4 B2 4 S R 8 S5 096 T8Ok N, HE
BeRAE A A A, Z0E], A BT IR o FEZ B B N RBE A A2 fE,

2nzte’ 1 JZ wdw _ An’2’e’ ( 1 jJWz ( 1 )
_ 1—— wdw _ 1— L
N ¢ ( nzﬁzj », hw he n' ) s d A

4“112:62 (%*%) sin29:§§;zz (%*%j sin®@, (3)
FUH L 2 A B BB T O BB R 0 O B 5 A s —
o EE. BB K 0.5, 10, L5, 2.0, g o[ v
2.5 MeV ASHH FAE K54 Cherenkov fBER) 2 | eIV
JHE B I 5 TR U AS R TRy E ) TR
100 000 4>, HE 5 Al WL. WL 4 Cherenkov _:g o L i O
5 96 T BB A B0 00 T M, X 2 R T sl 10
Cherenkov 4 5 £ Bl fit f 10 3 0 i 28 k. i 20 (3) S o2 ‘ |
AT, sin0 Kk, ML T 4 Cherenkov 96T K T
BOEINET 8% ;s Cherenkovd 8 06 i 2208, HF K B 5 EFFEKFH Cherenkov i
H300~610 nm, B4R S ARER 43 67 AT WoE X 4, Fig. 5 Spectra of Cherenkov photons
S5 SRS G T T 15 L9 e R T 1 4 1 48 0 generated by e- in water

2.4 Cherenkov 5 5 5% i T Y
FEAE A 5T A% 1 B S U5 1% ' 8 % T o D, e Ol R DA 8 B o A R A . R
N =N, (D exp{—aQ)l}, (4)
Horp: NQORIEWUE G T80 N QO R HTRDE 786G o QO NI REG [ O K.

FIH Geantd BERIAS [ B8 B HL F7E7K 1 10,17,24 m &b Cherenkov #5655 (9 W O 0 . #6540 45
WE 6 frs . Ho A 7508 100 000 4>, B 6 Al W : Cherenkov %8 5 5% 19 % 7%k b6 1% 175 1E 85 il 184
iz . O AT, X JE T Cherenkov 48 5% 78 K A A& 3% it 57K & A8 M AR R 880 BE G £
I A B0, R A B ) YA A T A I B 2

18 18 18
& ——0.5 MeV I ——0.5 MeV & ——0.5 MeV
W 16 ——1.0 MeV i 16 ——1.0 MeV w16 ——1.0 MeV
B o4k ——1.5MeV &l ——1.5MeV B4k ——1.5MeV
= ——2.0 MeV — ——2.0 MeV = ——2.0 MeV
Lot ——25MeV St ——25MeV L2t ——25MeV
Z 10} Z10F ZE 10
Bl KRR el K SRR =l K SRR
X T S T 2 (T
> z >
E 6 E] 6 g 6
S 4} 10 m 5 4 17m 5 4 24 m

0 0 0

0 6 8 0 6 8 0 6 8
EleV EleV EleV

B 6 AREEEETH Cherenkov Fifk
Fig. 6 Spectra of Cherenkov photons at different distances
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