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Outline‘

/ General context \

® |aser driven particle beam acceleration
® Nuclear activation diagnostic

15min photoexcitation experiment at ELSA
® Set-up of the experiment
® From total measured vyield to (y,y’) yield

K Comparison to theoretical calculations of the yieldj
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Laser-driven plasma-based particle accelerators

UHI laser pulse temporal profile
(e Laser: )

® CPA: pulses of 100 TW, 1~30 fs focused on a few um
cintensities up to 1018-102° W.cm2 : UHI lasers

® ASE: 10%3-10'> W.cm on target before the main pulse
c>ionization of the target : preplasma
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ﬂarticle acceleration : \
[ )

Laser-plasma interaction : plasma waves,
wakefields

c>acceleration of e exiting at the rear of the target
® Charge separation :
> p and ion acceleration

J

f electrons (Q= 0.5msr)

—&— CH 100 pgim
—®— CH2pum
—&— CH6 pm

Particle beam characteristics : :
® N ~ 10%9-1012 particles ol

droca . n 1 .
40 II’gBUI‘ItIe%—O; ™

Electrons

s energy distribution
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Beam characterization

using nuclear activation

Laser
....... Jjropagation
direction

dN
— X €

dE

—E/T.

/Electron temperature : T,
® e beam converted into y beam

® Nuclear activation :
®3Cu(y,n)%?Cu — B*
12C(y,n)1C — B* T, = 20,33’ E,~ 18 MeV
® Ratio of activation yields with different E;

T, =973 E=9MeV

o> transparent to y with energies < 9 MeV /

M. Versteegen

&3Cu(y,n)s2Cu Cross section
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Why 115]n ?

KNaturaI In : 2 stable isotopg
15| (95.7%) + 13In (4.3%)

115m|n isomeric state :
T,,=4.486 h

\Ey = 336 keV J

Laser
....... Jpropagation
direction
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336 keV ——L 1/2-

1151

Accelerated electron beam \
® Photoexcitation :
15|10 (y,y’)115MIn —, y of 336 keV

Emax
Niso = Ngs /E Dy (Ey)oy v (Ey) dE,

o> characterization of ¢ at Ey < 9MeV
=G, Cross section ?




115mIn photoexcitation cross section in litterature

Measurements
2 o, mb
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o 3 ] 3 % Fi6. 8. Cross sections for the (v,v") process in In'%, Solid line E . MeV
PHOTON: ENERGY (Mo ) —cross section obtained experiméntalll)y (o4+"). Dotted line— ’

F1c. 2. Cross section for the photoexcitation of In"#=, ross section (o) after application of corrections (A) and (B).

J.L. Burkhardt at al Phys. Rev. 100 (1955) J. Goldemberg and L. Katz Phys. Rev. 90 (1953) V.S. Bokhinyuk et al Ukr. J. Phys. (2006)

a8 )

® Very few data available at E, > 5 MeV
® [arge discrepancies
. o need to confront to additionnal experimental data

N S
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115mIn photoexcitation cross section in litterature

Theoretical calculations : TALYS

Nuclear response function to y absorption

15.72 MeV

HF BCS tables

Kopecky-Uh!
Brink-Axel
HFB tables

¥ 2= -

qu uopRIas $5040 uondiosqy 010yd
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Goriely hybrid model

. "Sin(y.y")'"°™In TALYS cross sections
1% 1 o) —— Brink-Axel
05’_ é B —— Kopecky-Uhl
Ei E; YRR || —— HF BCS tables
i z —— HFB tables
-z - —— Goriely Hybrid model
%ﬁ 7Y :
]
B 107 =
By -
] 102 =
 ad =
,N 0_1 2 Jllllllllalll110111112111141111611118111
1 1 1
336 keV 1/2- ! E (MeV)
e 9/2+
% 115|n
® Photoabsorption cross section based on y e

S —

strength function : parametrization or table



Set up of the experiment‘

SR Bremsstrahlung y beam

| e

™\ 0=15.37° “I

D=167.6 cm

ELSA
e beam

A
A 4

ELSA : monoenergetic e beam — y beam
e E_from4to 18 MeV
® |from1.71to 3.3 uA

Irradiation of three samples :
e Natural In : 113In and 1°In
® Pure 197Au

: %3Cu and *°Cu
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Measured spectrum of irradiated In

| y)+(n,n)
Raw measured spectrum of irradiated In (E, = 17 MeV) US|n (y,y)5™In : 336 T,,=4.486h
30000 — &8
B 8 BIn (yy)*Mn: 390 T,,=99.57°
25000 [—
— A
H RS | (r.n)
- (3\
20000 = (15In (y,n) H4mIn : 190 T1,2:49.SD
15000 :_ 13N (y,n) H2min : 155 Tl/2=20.56’
N &
a 1310 (y,n) 12In : T,,=14.97’
10000 :_ . &8 . o (y.,n) : 12=14.
S o _ B*—112 Cd* : 617, 606, 1235.5 )
°000 :_ < & & S
: } A vﬂf o & | ()
_I 1 1 1 | 1 1 %N I '\" $ ] —1 — I L L L.l 1 1 1 1 ll 1 1 1 1 | K . — \
0 1000 2000 3000 4000 5000 6000 7000 8ooo [ I (ny) MeMIn 127 T,,=54.29
ADC channel
13n (n,y) 8In : T,,=14.10"
B—16 Sn*: 1507, 1293, 1097, 818,
> All y rays are identified 463,416.8 L
113|n (n ’,Y 114|

M. Versteegen




Measured 1°™In production yield

Y

tf irr t0 acq

&tirr

Measured yield of 1*3™In per uC and per sample :

A

Q 1 — E—J\..&i’iﬁ

)i.(tl:l _t.fi'rr}
e acq @1 _ E—Aatmga)

| Ge detector efficiency

Point source efficiency

e 152Fy point source measurements: € =
121,244,344,780,964,1112,1407 keV

® Monte Carlo simulation :
geometry : detector X-ray images
calculated spectrum of detected y

® Comparison €meas VS €simu

o> validation of the geometry

Extended source efficiency
® Monte Carlo simulation
&£ =0.8810 1.87 % depending on E,
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meas
N’Y

desint
N'Y

Ge planar : Au

Ge coaxial : In




Measured 1°™In production yield

Kl'otal (v,y)+(n,n’) Contributions\

Sources of fast neutrons :
C®__ELSAcollimators_

® Ausample : 1 source
197Au(y,n)1%Au

® Cusample : 2 sources
63Cu(y,n)%2Cu
65Cu(y,n)%4Cu

® In sample : 4 sources
In(y,n)™4min and *°In(yn)*4In

\ WIn(y,n)tt2min and 113In(;/,n)11y
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Yield (uC™)
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N flux from ELSA

Ratio of 1™In meas. Yields w/wo CH+Cd
1=
B g & 4

remsstrahlung y beam 45 b3
08—
ELSA - B -

6 =15.37 - 0.895 £+ 0.007

e beam 06—
04—
02}

o PN I PRV (KPS KD INE NP, WA ISl TP PP IO dra
/Irradlatmns E. = 18-12 MeVdoublem R FERTR M Y e

e with and without 5 cm CH + 0.8 mm Cd

Monte Carlo simulation of y beam on In
® with and without CH+Cd

Ratios w/wo CH+Cd are equal :

No other significant contribution to the
measured °MIn yield than (y,y’) from ELSA.

)
11U )
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115mIn production yield

Total (y,y')+(n,n’) contributions

Sources of (y,n) neutrons :
® ELSA collimators

Au sample : 1 source
197AU(]/, n)196Au

® Cusample : 2 sources
63Cu(y,n)%2Cu
65Cu(y,n)%4Cu

® In sample : 4 sources
115|n(%n)114m|n and 115|n(%n)114|n

\ WIn(y,n)tt2min and 13In(yn)2n

M. Versteegen

Yield (uC™)
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15In(n,n’)>MIn yield from 1°7Au(y,n)°°Au fast neutrons

| Measured yield of 196Au

" " Au measured yield |

/ 196 ALB g o
. 197 0 - —
Au 1 =AU 100% 333, 355 keV E i‘::::‘;
®  17AU(y,n)CAU* —» Y333, V355 - 196 Ay - 4
50
Y = ‘&tif‘l" g B)‘(tﬂacq _tfirr} NT _ Nbdf 40;— Ethfesz 8.06 MeV s
° T Q 1-—e Mt Te(1 — e~ Atmes) " 4
. . 20
\ ® nyield = 1%Au yield / b 4 :
s A A
e S S B i
| 1%8In(n,n’)15MIn Contribution
[115in(n,n)115min | ﬂ:’robability of 13In(n,n’)*>MIn interaction :
"™MIn vs E_ without CH
5104 — A Roax
- _ 1 " dNn —Nya Gt
£ L s ! p_Ntot d (1 —e™%ae Tnn'T) dr
10° 4 n Rumin r
- 4 R
102 - N 2
- . L ® Neutrons’ range in In sample : Monte Carlo
10 = .
= 4 o e BIn(n,n’)SMn cross section : constant
= & "M n tot
- s A 18 MeV | Y (uC?) %
10 —
- Pa,= 0.42 £ 0.02 % total 12100 '
102 ol b b b b by b - ; - ——
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115mIn production yield

Total (y,y')+(n,n’) contributions

Sources of (y,n) neutrons :

® ELSA collimators

® Ausample : 1 source
197Au(y,n)1%Au

® Cusample : 2 sources

63Cu(y,n)%2Cu

65Cu(y,n)%4Cu

® In sample : 4 sources

In(y,n)™4min and *°In(yn)*4In

L3In(y,n)*2mIn and *3In(yn)*2In
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Yield (uC™)

— —
L [=2] co = e
B ETT | T T | T | T | T T | T T |

M

(=]

>,
—
=

15m|n production yield

I"ag__

(MeV)




15In(n,n’)1>mIn yield from (y,n) on Cu

2 | *Cu and *“Cu measured yields |

| Measured yield of 64Cu and %2Cu

5 8):10
(e Cu:%Cu30.8% + $3Cu69.2% | 3. .
i'F [% E.. = 9.9 MeV
= o 8 C_
R — c b ] e
® 63Cy(y,n)%2Cu — B* £ "
\J J 3=
2f
0: 1% 11. = .1‘2. = I%I & I1=“ l .1’5l a5 l‘IIGlI ; I1l7. = ;1'%(:;:’)
""In vs E, 2011 woCH | +%5In(n,n’)15min Contribution
gote NP / \
b Lt Probability of 115In(n,n’)15MIn interaction :
102%_ i pCU=pAU= 0.42 i 0-02 %
10 ;— : L :
a LTI i LA A 18 MeV Y (MC_]') %
1= &4 4 A
- e L total 12100 100
AL + ®Cu ' : >
107 s 62Cu contrib. 30 0.2 =
C ]
—— 64Cu contrib.
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115mIn production yield

15m|n production yield

Total (y,y')+(n,n’) contributions ~ 12><10 -
S 1o
5 -
Sources of (y,n) neutrons : CON .
® ELSA collimators - A
8_
® Ausample : 1 source C .
197Au(%n)196Au 61— .
® Cusample : 2 sources AL &
- Fiy
63CU()/,I'])62CU B A
65Cu(y,n)%*Cu 2:_ X s
° |n3amp|e- ,,,,,, ol P S L | | Ll
4 6 8 10 12 14 16 éeB(MaV}
BIn(yn)4mn and 5In(y,n)*4In

WIn(y,n)tt2min and 13In(yn)Ht2lp
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L3In(y,n)2In and *3In(y,n)2Min Yields

| Measured yields of 12In and 12MIn

112min measured
/m 11310 4.3% \ g S
O 20
131N (y,n) 12Min uemin T,,=20.56" | 3k )
155 keV 16
113 112 =
In () =N 7—= u2n T,,=14.97" | “E a
- |
| 617 keV 5_ A
12 :Z a
*  Win(y,n)H2MIn — yy55 i TR TRR SE TR S 116““117“';1‘18‘;';\/')
® 13In(y,n)?In : fit of 617 keV decay with 2

parameters : (y,n) prod. yield of *2In W
112min 12|n measured yield

3
N, 617 keV: ™in | 1

—
N

10?

T :’pllll ]
Yield (uC™")
=)

-Ill’ll
—t
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15In(y,n)*4In and *2In(y,n)*4Min Yields‘

"*Mn measured yield

| Measured yields of 14In and 14mIn

- >_<10G
"c:JL -
In : 1IN 95.7% = o5
115 (y,n) 14m|n Uamin T,,=49d 3 -
190 keV : }
) 0.25— i
B E A
0.1
97.9%\, | 1300 keV E L e
A 4 R A o g gregvgng 3 ey g sl e prge g g
145 0=—33 14 15 16 7 < -

°  WIn(y,n)4Min — y,40 ot | In calculated yield
e  U5|n(y,n)4In : calculation using o1a ys Q0.16]-
- - E :

= validation on 13In 20 l
Emax 0.12;—
Ya1 = NA[ G(Ey)oyn(Ey) dE, 01 {

Etn 0.08-

Y:TA. LYS ‘meas 0.06 E— i
iso __ _iso -

. YE'EALYE YEEEM 0.041~ i B
. yTALYS | o002f- .
— o - .

plication to >In :
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115[n(n,n’)5mIn yield from (y,n) on In

ot L in dyield | o I MB17 VS E , 2011 «10¢| "™In measured yield - In calculated yield
£ a2 ~ F ~ 7
e N g r Q0.16F
o i 20t gosep
& = 1 g B 2014~
1 1 - > F
14 8l— 04~ 0.12—
2 ° F % 0.1f~ {
03 -
6 E
10 ; 0.08F
8 “ Pl 1 02F i 0061 i
8 = 3 1 B -
“ F 2 3 - & 0.04 i
4 2 ! 0.1 c
) y u . -, a 0.02F
[t - = -
R at m S S S P P T Y .
" 12 13 14 15 16 17 EIS(MQV) 12 13 14 15 16 17 E‘.s(MeV) £ oev) e

I 22In(n,n’)+>"n Contribution

Probability of °In(n,n’)>MIn interaction :

115m
Invs E_ 2011 woCH Rmax
. e _ 1 dNn (1 o e—NgS crnn;’r) d?‘
2‘104 L |« 155 tot i A& p Ntot R dT'
E § A TEm . i & n min
£ E[4™n Ll A B e Neutrons’ range in In sample : Monte Carlo
a A 114rn|n M g p
10 = » A " N , .
o il . L8 Lt ® 15In(n,n’)*>Mn cross section : 319.9 + 0.9 mb
- &
107 . Lt s b P,= 0.50 £ 0.02 %
y il
: A & A
10 et 18 MeV pCt | %
n £ 4 Y total 12100 | 100
1=
- f 112m|n contrib. 86 0.7
“2In contrib. | 46
E, (MeV) Tam, =
[ ]
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115mIn photoexcitation production yield

ﬂ)tal (17 )+rsn)-contributions \
115m

o« 0° In photoexcitation yield
c—m EJ—‘*-,, 12:_ é
S £ MR ﬂ
T AUGR A sl & 4
*__Cysample: 2 sources N a5 !
— SCu{xn)® °C -
C BCu(xnpicu o g
*__In-sample4-sources B ‘
—US|aGRyiemin and YSingRyian | 20 .
)y Minand-Rinny R |: | 4 . | | | | |

e 1 & s 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
04 76 8 10 12 14 16 18
> Have all been corrected E. (MeV)
e _—
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Testing theoretical calculations‘

- 1 m'volNAEtgt
~ el08N, M,

}fca.lc(Ee)

197 196 ]
| Validation of y distributions 5 ) A Ay b
500 — £1 13.03 + 008844
Calculated bremsstrahlung spectra - S o den
400 — £2 1481 £ 0.1078
® Detailed Monte Carlo simulation E
| Brem ELSA simu GEANT4 woCH | 300:_
200
100
0—— 3 g A Veyssiow et of Nuct Prys. A (1970)
E . | e e |
8 10 12 14 16 18 E“RMV)
00! o* % Au yield
‘b é - measy
= 80 8! Av«wﬁmmnm.mmmm) é
% 70:_ a Piasir ot al Eur. Phys. JA 48 (2012)
s E
Comparaison between measured and 60E- i
calculated yields of 63Cu and 19%Au j:‘ ;
® Uncertainties < marker. 305 8 "
- 20—
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Testing theoretical calculations

1 MyotN a€igt Ee dN.
K:a.lc(Ee) ! / !

— —(FE., F E.)dE
AN, Mu  Jn, dB, ovEe)oE)dE,
| "®In(y,y")"™™n TALYS cross sections |

g [ = «103|_Meas. and calc. "SIn (v,y)"™In yields
° e e = 20i
- o e Ratio of calc./meas. ' "In photoexcitation yields
i 4
jov e - m B th Brink Axel
E 35— m  th Kopecky-Uhl
C . ®  th HF BCS tables
i 3 - ®  th HFB tables
107 = - m  th Goriely Hybrid model
B 25—
0 2 4 6 8 10 12 4 e 1 C
E (MeV) - n ]
2 -
— g
- |
( . \ 1.5 = - L. m [
Brink-Axel > Measurement i § i
= | m N
05F TR s g1 01 P i
All other models e " " & 5 . 2 m w mw ®m m =™
1 _I | 1 1 | | 1 1 | | 1 | | | | | 1 | | 1 | | | 1 | | 1 | | | | |
underestimate our results - ot b L
E, (MeV)
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conclusion ‘

ﬂew experimental photoexcitation yields of 115M|n \
e All (n,n’) contributions have been corrected

Comparison with available models

® All the y strength models tried in TALYS fail to reproduce our
results

Perspectives

H3In(y,n)?min is to be extracted from our data

New calculations underway :

® Self consistent QRPA + blocking with the Gogny force

S. Péru and H. Goutte Phys. Rev. C 77 (2008)
S.Péru et al Phys. Rev. C 83 (2011)

First measurement of 1>MIn photoexcited by y beam
produced at laser installation ELFIE (Palaiseau, France) :

April 2013
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Thank you.
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115In potential used for TALYS calculation

4 N

15In : slightly deformed
® Morillon and Romain potential
PRC 70 014601 (2204)
Rather than the Delaroche spherical potential.

\_ /
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L3In(y,n)?mIn cross section

Méthode de minimisation de y? entre Y. et Y, .. avec une forme

analytigue de la section efficace

calc mes

Comparaison a la littéerature et aux calculs TALYS
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Why 115]n ?

/I\Iatural In : 2 stable isotopes\ EﬁT

15| (95.7%) + 13In (4.3%) 1 | )

115m|n i i : 336 ke = 1/2-
In Isomeric state :

T,,=4.486 h — 9/2+

\ Eq= 336 keV ) 151,

/ Neutron yields in ICF experiments : \
] 115in(n,n")115min Cross section
® DDfusion: D+D —He+n

mlo Ll lllllll T T lllllll
10° to 10% n of 2.45 MeV 5
1
® |nelastic n scattering :
USIn(n,n’)>MIn : yof 336 keV L
Emﬂ.x 102 C]
Nuo=Nys [ GnlEa)n(En) dE, Ey
E; 102 ’ﬁ
- o> characterization of ICF performance i j
b ¢ L1 111 1 1 O A | 1
~__® Contribution of °In(y,y’)**™In to the total o5 1l 2 5 ,é 20

oer of measured 336 keV y incident Energy (Me
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