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(p/s) (p/cm?/s) (p/s) i
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® M2021F 10BN HINIETT, 20235 LFFERTABIT 1001 SCIntFT, SEFRARIRATIEREI 1 500/\T,
® 2023-£%, KUSHRFIBRTIS NERIRIR

*Chips radiation damage; *Material radiation research ; *Detector radiation and calibration ;
*Space Electronics radiation damage; *Radiation-induced mutation breeding;

Si material radiation damage Radionuclide activity measurements Detector calibration

ASIC SEE for LHCD detector ASIC SEE for ATLAS Radiation-induced mutation breeding Communication devices radiation




1.2 BFRFRAVERREZEERNA

BRIRAIAC-225 G R EREFIZ9Er-, LARITER\Z=BI-
21309 izz9% = (#3EE Department of Energy Isotope
Program (DOE IP) 5 NEEEZE)
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o FRHIES (9.9d) ;

o SRR HA aFI2A B,

REER;

o A FHAZE S T ABZINRE ST

HIEERHT BI‘]Z’J'—T@

® fRr:
® £ NIBAS;

® ESEE=HE
300-400MeVHEIIRS

VAN A —1N
BEE ,

ap E= 3 —

HEE LT

K, 18R, RIvEM
17Echz, BEEFT

FIRKEE WEER

ERNEEERAR(EDHISE:

BE BR (C/E) | oaE

%9Mo 20000 9800 5%
125 4000 7700 15%
131) 9000 8700 15%
89Sy 50 2000 :
14C 30 1000  10%
8F | 45000 30000 | 10%
60Co 9005 22000 -

25#O

20

80%i# [
2EkEO

20
BEEF

BESEF

Radionuclide ___ Halflife

25A¢ 10d
L
211AL 7.2h
LY 60 m
2R 46 m
cRh 10.6 h
2%Ra 11.43 d
225k 31m
= ilily 18.7d
* For the past ten years, alpha emitters have been the highest priority for the DOE
Isotope Program.
C
Ac PSMA q Ac PSHA
12/2014 7/2015 9/2015
PSA = 2,923 ng/mL PSA =0.26 ng/mL PSA < 0.1 ng/mL
tage prostate
ZZSAC 221Fr 217At B_ 217Ra
10.0d 4.8 min 32 ms 0.5 ms
ol 99.9% a
235 |BT| 213pg
45.6 min 4.2 us
o o
20971 | B | 209pp, ~| 200g;
2.2 min 33h stable
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EHEEESR (L125Ac, 225Rajaffl)
IAEA-med: EFSCIOEHRITMN, AFHEE(<200MeV)
Geant4-INCXX: 225AcEEBOEN. 22SRaBimE(M A
Fluka: {E88XME m), >150MeVEERLEER
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£ K Simulation Setting:
gat Irradiate 2h, Cool 2h

i

J.W.Weidner (2012)
»  S.V.Ermolaev (2012)
+  JR.Griswold (2016)
+* B.L.Zhuikov (2011)
C.Duchemin (2015)
G.F.Steyn (2021)
H.Gauvin (1963)
M.Lefort (1961)
B.D.Pate(1961)
A K.H.Robertson (2020)
M.Lindner (1956)
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Simulation Setting: e |
Irradiate 2h, Cool 2h ] 3
Joer
' ! ; = J.W.Weidner (2012)
: + J.J.Hogan (1979)
Y S TENDL-2025 . G.F.Steyn (2021)
:' i ——IAEA-Med-2019 . M. Lefort (1961)
" Geant4-INCLXX « A XK. HRobertson (2020)
.'I ---------- Fluka *  M.Lindner (1956)
T L] L} T I L} T T T T T T T
30 50 70 100 200 300 500 700 1000

Energy (MeV)
232Th(p,x)225Ra [ N &L
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225Th
FREUNE y SN 875 m, EC (10%)
il V= NETSLIS /4 R R
ERRUREFEE  / omse/mEleE | >189 p/cmé/s e . 5 )\
\ EEEERTL, p+Th e W A
et 1 AT, B N 2Py
Em&%&}&ﬁn\u% E%Dp*;(% S, =g (p, 3p5n) P 14.9 d, B (100%)
< TR ] —
/ RNEEEERRIRD 7F=~5E18 p/cm? ISR D SN EZE)
200 fRaHR{n BRHIIRB IR EE>1E14 p/cm?
80 - MeV A ——— e
EFM Sl MEERRR( ETE

BRFafT AR SOBPiEH!
EREYES BRFINFRARISY  BEAT >40Gy/s [1]
BIREYESA EAE, /J\RBE

S5 <3E9 p/cm2/s
L=2F Ve Sy VL= 71 BEAt < 1E12 p/cm2/s {EiAesE

ARfHERRIE  / sDsgsempuint
N\ RS T ERA

Ridge filter Dose monitor Collimetor
and bolus

[17 S. Jolly, H. Owen, M. Schippers, and C. Welsch, “Technical challenges for FLASH proton therapy,” Physica Medica, vol. 78, pp. 71-82, Oct. 2020
[2] A. E. Torshabi et al., “A Study on Beam Flattening Based on Compact Double Scatterer Applicable to Rotational Beam Irradiation System in the Proton
Therapy Facility at CYRIC, Tohoku University,” Progress in Nuclear Science and Technology, vol. 1, no. 0, pp. 509-512, Feb. 2011

CYRIC System [2]




2.1 RILEEIEIT

Facilities Energy (MeV) Flux (p/cm?/s) Spot Size (cm)
PSI 6 —230 2X10° D9

TRIUMF (BL1B) 120 - 500 105 -4 X107 3X3-7.5X7.5
XiPAF 60 — 230 105—108 ~10X10

SESRI 60 — 300 104 —108 1 X1-30X30
APEP(CSNS-I) 10— 80 107 — 1010 I X1-5X5
APEP(CSNS-II)* 80 - 300 106 — 1012 0.5X0.5-10X10
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Native Beam At Air Test Point

,EW*FEI'—E*%E%%& Performance Value Performance Expected Value

. IR RSB T IS, AR E s O Lkw Energy : 20300 MeV
Frequency : 0.25Hz (lpulse/4s) Intensity : 107 — 1013 p/s

« FXA5|HEEK, AISCAREREET( (600pus, 8.32E13 p) Intensity: 2.08x 1013 p/s AE (FWHM) : <10%

o DHRARESRREE . FSXEsrsRis Energy: 300 MeV Spot Size : 1x1—-10%x10 cm?
Beam size: ¢ 3 cm Spot Uniformity : > 90%

- REETHE, ATRRURIRE (MNFEEH =)
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_______ Performance | ____B,C___| _ Graphite | _Beryllium

2.3 ISR

Projectile kinetic energy (MeV)

REIEIIEE

Projectile Kinetic Energy (MeV)

I UEST 24

Degrader Thickness (mm)

PEEEEREXILY

Melting point (°C) 2350 ~3600 1287
O,
Bgﬁgnngﬁgsiﬁlqﬁ - Conductivity 207C 29 103 157
G S (W/m/K) 1000°C 14 40 72
A) N — C
[ ) Y Ap (v (0]
Cu, AL BHFEHBCK ES | Heat capacity 20°C 800 700 2.398
L\E‘ [=] ‘7“‘: M 27 ) (]
« Be BRBEHIERER, @i HAK = (J/kg/K) e — - — —
M G b S
Density (g/cm3) 2.4-2.52 1.8-2.0 1.85
1400 ] T T T T T 100 i T T T T T 350 I I I T T T T
-=--Cu i—-Cu, Z=29 s 4 71 e Cu, S0 =21.5MeV/em ]
e oAl 90 -w--ALZ,=13 ) ,‘g’ . S s0d 0000000 - Al Sy, =7.5MeV/iem ]
® ] B e = = ] -+--C,Z.=6 877 = ——B4C, S,y =7.5MeV/em
1000 A —a--B4C 4 > Seff . a/;, = 300 1
§ ] = e cegeame o X sod ~=B4AC,Z4=52 LA ] = seh ] -=--C,83=63MeVicm 1
£ ] o, %, ” : © ] -+--BeZ,=4 e s 1 —=-Be, S5y = 5.3 MeV/em
:)/ 800—_ \;]‘:\§\ \V\ N ] % ] /’fy/////'{/// LICJ ] ~,
% E \\\::\‘ \\‘\ E E 70—_ -~ Q:»// '////‘/ a % 200__ b
E 600 _- ) ‘:::.\ y s ~ _' g - = .‘, 2 /// /'/ - E
£ ] el Y SRR ] N ] . < ] .
L ] L ' i |x: ] XL o E @© 150 - . ]
w 400 ™ PR = v = /'// s = k N
= ] R LN v AT 3 L
m : = : . E i :v: s " . 8 1 \\ A'\
200 3] 50 /',,» £ 00 . ]
- \ N
] ] + A %
] ] : }
0 . T T T T T 40 T T T T ! 50 ] T T T T T : T T
50 100 150 200 250 300 50 100 150 200 250 300 0 50 100 150 200 250 300 350 400



HaTReE Bl (em) B2 (em) 3 (em) %%1)5 Al (>1) 7};%%2)5 A2 (>1)
PE4EEE SAEEES (MeV) (cm) __ (cm) (cm) (cm)
Be Be=2WalTI 300 X X X 0.000 -2.500  0.000 -2.500
290 X X X 1.576 1.373 0.000 -2.500
e 280 X X X 3.123 5.175 0.000 -2.500
° ﬁ*@lﬁt‘l‘ 270 X X X 3.052 5.000 1.585 1.396
260 X X X 4.476 8.500 1.644 1.540
40.5 cm 250 X X X 4.476 8.500 3.093 5.101
< > 240 X X X 4.476 8.500 4.508 8.579
230 6.5 X X 3.863 6.994 0.000 -2.500
1.0 cm ¢ =4 220 6.5 X X 3.052 5.000 2.153 2.792
PRAZ O 210 6.5 X X 4.476 8.500 2.034 2.499
v 200 6.5 X X 4.476 8.500 3.298 5.605
= 190 6.5 X X 4.496 8.550 4.501 8.561
6.5 cm 180 6.5 6.5 X 3.679 6.541 0.000 -2.500
D — 170 6.5 6.5 X 3.052 5.000 1.765 1.838
= e\ N 160 6.5 6.5 X 4272 8.000  1.639  1.527
3, 150 6.5 6.5 X 4.476 8.500 2.483 3.602
N I Beam ¢3 cm 140 6.5 6.5 X 4.476 8.500 3.484 6.062
A N I |\ \ 130 6.5 6.5 X 4.476 8.500 4435 8399
v 120 6.5 6.5 6.5 4.311 8.095 0.000 -2.500
i 110 6.5 6.5 6.5 3.052 5.000 2.106 2.676
E 100 6.5 6.5 6.5 4272 8.000 1.677 1.620
KK 90 6.5 6.5 6.5 4.476 8.500 2.208 2.926
< 80 6.5 6.5 6.5 4.476 8500  2.882  4.583
i 70 6.5 6.5 6.5 4.476 8.500 3.494 6.087
SN g 0=115° 60 6.5 6.5 6.5 4.476 8.500 4.039 7.426
5 50 6.5 6.5 6.5 4.476 8.500 4.516 8.599

A bERERR, =M RIREEFEERS



2.5 L EigT
ZFisapRH =g

* fiﬁﬁ f Ll)lugiBE%JE%Bq:{EEuwﬁﬁ
- BURTHEEEIEESLIES 1FUESC, 3FURIC, RFLETC
- SCINBERRIE N EITEErE (SRR AT 2H44ER)

- TIEEIMRIEMEEINER

1Fl @AirTest 3Fl @AirTest ofl @AirTest
E(MeV) Inst. flux Aver. flux Inst. flux Aver. flux Inst. flux Aver. flux
[(p/s/cm2) (p/s/cm?) |(p/s/cm2) (p/s/cm2) [(p/s/cm2) (p/s/cm?)
300 5.43E+12 4.07E+08 1.63E+13 1.22E+09 4.88E+13 3.66E+09
250 9.20E+11 6.90E+07 2.76E+12 2.07E+08 8.27E+12 6.20E+08
200 3.68E+11 2.76E+07 1.10E+12 8.26E+07 3.30E+12 2.48E+08
150 1.77E+11 1.33E+07 5.31E+11 3.98E+07 1.59E+12 1.19E+08
100 8.94E+10 6.71E+06 2.68E+11 2.01E+07 8.04E+11 6.03E+07
50 4.47E+10 3.35E+06 1.34E+11 1.00E+07 4.01E+11 3.01E+07

13



2.6 b Eataigit
BEMMA | BEREERE: 50*50 cm SiC
« 2. FIRIE: ~2.5 cm B
« 3. ¥EfNFefFiRGamma, FRF
4 REESHIET. RART

0.0001

1x106
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400 . :
| 100000 ] 200 400 600 800 1000 1200 1400 1600
'
300
200 T
1
100 — 0.0001
0 1x10% n
1x10°
-100
1x10-9 7 1x10°%
200
-300 1x10°10
| 1x10°%%
400 . . . . . . . .
0 200 400 600 800 1000 1200 1400 1600 T 11012
. N
10min &4 Gamma :

1600

- {FER10minf5, FIE<10uSv, BIHEHNER{E B#A& Gamma
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Proton Counts (a.u.)

x (cm)

10° 4

10° 4

+30 mm, £10 mrad, FWHM= 5.69 cm

T T
-20 —15i =10 —5 0 5 10 15 20

X (cm)

Spot Distribution @Test

a=30mm, b= 10 mrad, 6 = 175°

Front Wall Air Test Back Wall

Counts
2.00%10°

1.80%10°
1.60x10°
1.40x10°
1.20x10°
1.00x10°
8.00%10°
6.00x10°
4.00x10°
2.00x10°
0.00

Beam propagation within the terminal

12

Beam Information Average Instantaneous
Ek  Bragg Pos Accept] Accept Trans [ @Test | Flux@Test Aver. Dose | Flux@Test = Inst. Dose
(MeV) (mm) (p/s) (%) (p/s) (p/cm2/s) (Gy/s) (p/cm2/s) (Gy/s)
290 487.5 1.722E+13 82.77% 1.012E+13 | 4.048E+11 2.698E+02 | 2.698E+15 ' 1.799E+06
280 457.5 1.581E+13 75.96% 9.286E+12 | 3.715E+11 2.684E+02 | 2.476E+15 1.790E+06
270 432.5 1.453E+13 69.81% 8.535E+12 | 3.414E+11 2.553E+02 | 2.276E+15 1.702E+06
260 402.5 1.322E+13 63.51% 7.765E+12 | 3.106E+11 2.532E+02 | 2.071E+15 1.688E+06
250 377.5 1.201E+13 57.73% 7.057E+12 | 2.823E+11 2.411E+02 | 1.882E+15 1.607E+06
240 352.5 1.095E+13 52.61% 6.432E+12 | 2.573E+11 2.316E+02 | 1.715E+15 1.544E+06
230 327.5 9.857E+12 47.37% 5.791E+12 | 2.317E+11  2.189E+02 | 1.544E+15 1.460E+06
220 302.5 9.108E+12 43.77% 5.352E+12 | 2.141E+11 2.146E+02 | 1.427E+15 1.431E+06
210 282.5 8.360E+12 40.18%  4.912E+12 | 1.965E+11 2.010E+02 | 1.310E+15 = 1.340E+06
200 257.5 7.690E+12 36.96%  4.519E+12 | 1.807E+11  1.975E+02 | 1.205E+15 = 1.317E+06
190 237.5 7.091E+12 34.08%  4.167E+12 | 1.667E+11 1.872E+02 | 1.111E+15 = 1.248E+06
180 217.5 6.395E+12 30.73% 3.757E+12 | 1.503E+11 1.742E+02 | 1.002E+15 1.162E+06
170 197.5 5.976E+12 28.72% 3.511E+12 | 1.404E+11 1.686E+02 | 9.363E+14 = 1.124E+06
160 177.5 5.526E+12 26.56% 3.247E+12 | 1.299E+11 1.628E+02 | 8.658E+14 1.085E+06
150 157.5 5.128E+12 24.64% 3.013E+12 | 1.205E+11 1.584E+02 | 8.034E+14 1.056E+06
140 137.5 4.765E+12 22.90%  2.800E+12 | 1.120E+11  1.550E+02 | 7.466E+14 = 1.034E+06
130 122.5 4.419E+12 21.24%  2.596E+12 | 1.039E+11 1.462E+02 | 6.923E+14 = 9.745E+05
120 107.5 3.542E+12 17.02%  2.081E+12 | 8.324E+10 1.195E+02 | 5.549E+14 = 7.969E+05
110 92.5 3.314E+12 15.93% 1.947E+12 | 7.789E+10 1.146E+02 | 5.192E+14 = 7.643E+05
100 77.5 3.027E+12 14.55% 1.779E+12 | 7.115E+10 1.064E+02 | 4.743E+14 = 7.095E+05
90 62.5 2.752E+12 13.23% 1.617E+12 | 6.468E+10 8.803E+01 | 4.312E+14 = 5.869E+05
80 52.5 2.484E+12 11.94% 1.460E+12 | 5.839E+10 7.130E+01 | 3.892E+14 @ 4.75S3E+05
70 42.5 2.219E+12 10.67% 1.304E+12 | 5.215E+10 5.629E+01 | 3.477E+14 = 3.753E+05
60 32.5 1.926E+12 9.26% 1.132E+12 | 4.528E+10 4.225E+01 | 3.018E+14 = 2.817E+05
50 22.5 1.388E+12 6.67% 8.157E+11 | 3.263E+10 2.556E+01 | 2.175E+14 = 1.704E+05
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B, RERTREER<10% (100MeVLL ) & —
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+50 mm, +£6 mrad, FWHM=4.52 cm
+40 mm, +7.5 mrad, FWHM=4.73 cm
+30 mm, £10 mrad, FWHM= 5.69 cm
—~ 107 4 +20 mm, 15 mrad, FWHM= 8.12 cm .
= +10 mm, £30 mrad, FWHM= 15.47 cm
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3.3 285N

RS

EIENE

BRI ARIRAD

R IVEEZ O]

BRFINTT

Ae{AEAR

s

EEE
PN
REE
REE
FIE=R
RRF
SOBP
TENM
BRI EER
SEEE

> 1E11 p/cm?
ABERAS B AR
1.16E16 — 5.58E18 p/cm?
>1E14

> 40 Gy/s

4E11 p within 100ms
XIREIEHITIRS
TERREESRIS AT N
<2EI12 p/em?/s

< 3E9 p/cm?/s

IR

1kW FHEEZRIX2.94E12 p/cm?

TR ERIFFRIVEARAUSH TUE

IKWIEITIRENIAR, 20RAEFRST. 2kW IR, HERRET AR
IkWIZE{T15 minA[IAE4ERFEEK

1kW SPEYFIEZRANIX 600 Gy/s, BABHIFIERRIXIEC Gy/s

8.32E13 p within 0.6ms

BN ETIEASIES

1288 1h, 10min BXUSEHAN

PR IFUETLT, 250MeVLATREERTA; 3FLET200Me VLA T RIFE

12



12

4- E’ﬁ?l‘gﬁq: Hglﬁmigjj | ‘ A 220 MeV Proton Beamlet in Water

 Range modulatorigitif4 5l
* RFAIEFHAR
The Spot
= L3
- BEXIEEEMFHRIAR
10 15 20 25
RIREYZEINIEHR
[ J
EH:H‘R - z (cm)
SOBP 1 fil] Compensator Smearing
JE/H % Eﬁn
15
[ 1 m;
2 # ©0.05 Gy/s ? 0.05 Gy/s
E e g R 4100 Gy/s Oxida:i;:s?chAi‘::s:SdBasmage, P 55
= o =1000 Gy/s | | | \
o 21000 Gy/s ¢ ? ,,,,, s 7 1
L 10 O s LT e (A) BER (B) Classical-NHEJ or (C) alternative-NHEJ (G,/G;) (D) HR (S/G,)
3 % ‘6 0 ————— =, K DNA glycosylase “ DSB DSB /DSB
c © + e e -
@ [ . ... E— - — ——
Q Dose rate —
3 t I ktSE | 95%cCl | R? sasesrg | ® s - ww |
g = (Gyls) —. — — = - —
] o E DNA-Pkes |, l —_—
; = 0.01 APE1/PARP-1 | Wi XRCCA-Lig IV, PARP-1 e S—
3 o ? @ 0.05 [0.430.040.32,0.54 | 0.95 — # —00—|| L
z ¥ 100 | 0.53 £ 0.06 | 0.38,0.69 | 0.89 e _l“' ' T e —
| | RADS2/RADS4 l
0 1000 0.54 + 0.03 | 0.37, 0.64 | 0.96 XRCC1-Lig Il l :{2\:_
0 5 10 15 20 25 0.001 -
Dose (Gy) 0 5 10 |
Dose (Gy)

JRFFRI AT DNA 547 ) 5 J5R 5 TR R e o A A 37 R R HUEHRST (IR) 550 DNA 45453 i) S



5. RFKithl

- SHICERAMSIMIERITE R, SRRREHNERTR, BRiPRiTE

- FEERFSRFZIIRRMIRE, LEEETERRK, BIeEREmNRER, RRNFEXRSHIRES
H, 155IREEmIZINRRE], 80-300MeV [RFEELIENEAEEERAEN.

- SETEHTMIBRNFLINEHE (RIRMEHR) , RANERRIRERAGLE. FIENE
FHRNZRBERNST,

- RFENTr, FHRER. BNRERESFSE.
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> B_ENAERASTHIR

> IRBEEREEER: {
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> 2026510

-

NFEE AT

9118 @RS

https://indico.ihep.ac.cn/e/TBandD-2

> SN FRR
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® M BRAAAYSEHENERIAN
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® i FRAIRE = SEUEIRE
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