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Photo-Fission in Heavy Elements®

G. C. BaLpwix axp G. 5. KLAlsER
Research Laboralory, General Eleciric Company, Schenectady, New York

(Received October 4, 1946)

Measurements have been made of the yields of photo-
fission in wranivm and thorium together with a search for
photo-fission in other heavy elements, using continuous
x-rays from a 100-Mev betatron. Fission was detected in
the presence of an intense background of x-rays by a dil-
ferential ionization chamber and linear amplifier, the
substance investigated being coated on an electrode of one
chamber. A Victoreen r-thimble, surrounded by }-inch
lead walls, was used o monitor the radiation. Curves were
obtained of the number of fissions per roentgen unit for
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uranium and thorium. These are of similar shape, the

uranium curve showing a rapid rise with increasing x-ray

energy up to 18 Mev, followed by a gradual decrease as the

maximum energy of the x-rays is further increased; the

vield of fissions per roentgen at 100 Mev is about half that

[\
/

at 18 Mev. The ratio of vranium and thorium yields is

e4yeHne peakumn Breixon peakuuu

very nearly two at all x-ray energies. No fissions were
observed in intense 100-Mev irradiations of Bi, Ph, TI O
Au, W, and Sm.
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X-Ray Yield Curves for y— n Reactions

G. C. BaLpwin anxp G. S. KLAIBER*
General Electric Company, Schenectady, New York

(Received February 5, 1948)
1 2C 63C u

Yield curves for the reactions C2(y,n)C" and
Cu®(y,n)Cu® have been taken with x-rays up to 100 Mev.
The induced radioactivity at each energy is plotted per
unit x-ray intensity as measured by a r-meter thimble
jacketed by { in. of Pb. Both yield curves are similar to
the photo-fission yield curves, the x-ray yield increasing to
a maximum and then slowly decreasing as the x-ray energy
is increased. With simple assumptions regarding the
generation of ionizing secondaries in the Pb walls of the
monitor and assumption of a constant intensity x-ray
spectrum, these curves can be analyzed. The relative
cross section is found to have a maximum at approximately
22 Mev for Cu® and 30 Mev for CU, decreasing to negligible
values at high quantum energies. This decrease in cross
section can be attributed to competition from multiple
disintegrations. These reactions provide detectors sensitive
only to part of the x-ray spectrum. Absorption curves
have been taken in Pb using uranium photo-fission and in
Cu and Pb using the Cu®(y,n)Cu® reaction as detectors.
The resulting absorption coefficients compare favorably
with theoretical values.
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On Nuclear Dipole Vibrations

M. GOLDHABER
Department of Physics, University of Tllinois, Urbana, [llinois

AND

E. TELLER
Institute of Nuclear Studies, Universtly of Chicago, Chicago, Illinots

{Received July 22, 1948)

The high frequency resonances recently observed for (y,n) reactions as well as photo-fission
are interpreted in analogy with the “reststrahl frequencies” of polar crystals. The estimated
frequencies are in good agreement with the experimental results. An interesting consequence of
this interpretation is the conclusion that strong resonance scattering of ~v-rays should take
place at a frequency characteristic of the scattering nucleus.
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Reactions Cenference

NUCLEAR PHOTODISINTEGRATION
by D. H. WILKINSON *#)

Cavendish Laboratory, Cambridge, England 1)

Synopsis

A survey is given of the chief mechanisms by which electromagnetic radiations inter-
act with nuclei. The shell, collective and high momentum models are separated and
their regions of applicability are approximately delimited. In particular the importance
of high-momentum states for high energy photon interaction is emphasized. After
comment on the success of the shell model in describing dipole transitions in light
elements an examination 15 made of the “giant resonances’ from the same point of
view. After some discussion of earlier collective models of this phenomenon it is
suggested that the absorption of gamma-rays in the closed shells of the nuclear core
will give rise to a giant resonance. It is shown how such absorption is strong enough
to accord with experiment and how there is a very strong clustering of such shell model
transitions in resonance form. Difficulties with the absolute energy scale are discussed
but not completely resolved. The widths and variations in width of the experimental
giant rescnance are satisfactorily accounted for. The ‘‘resonance direct” process by
which a nucleon may be emitted from the nucleus in a single-particle state is described
and it is pointed out that such emission leads to a roughly “Maxwellian" spectrum.
The anomalous emission of protons from heavy nuclei is dealt with in detail and it is
shown that the resonance direct mechanism accounts quantitatively for such emission
from the points of view of absolute cross-section and also proton energy distribution.
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OaHoyvacTUiHble nepexoabl 2%Pb
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CeyeHue

cdooTonornoLeHus

ansa sapa 2%pPb

E, Mev Ttot’ E, Mev Ttot
mb-Mev mb-Mev
9,2 45.2 6.6 24.9
9.3 23.6 7.8 30.7
13.8 2384.2 10.4 24.0
13.0 718.1 12.4 147.8
10.5 361.4 6.6 30.2

TOYKM — SKCNEPUMEHT.
CTonbukn — pacyert no

15

Ey,M3B

Moaenu obornoyex:

a — 0e3 yyeTa cMelunBaHus
KOH(Urypaumu;

6 — C y4eTOM CMeLUnBaHUS
KOHJomrypauum.



[TonHoe cevyeHune
doTonornoweHusa agpa ¢0

50’-

40 -

J1.E. Na3apeBa

Tans mb
Lad
=2

20 - .I & ‘. ) ;_r + \I ]

lu 8 ‘ . ¢ _q ' h-'.. ’-.f . '...

13 14 15 16 17 18 19 2 21 2 23 24 15 2%
hv, MoB

(E) = 0 rgmon (E) + O (E) 4G 00 (E)

KOMIITOH IIapPbI



IlBa meTtona nsyyeHua NP
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Cxema akcnepumeHta HUNAD MI'Y no namepeHuro cnekTtpoB
Y-KBaHTOB, UCMYyCKaeMbIX SApamMum B pe3ynbTaTe peakuum (Y, xy’)
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Bbnok-cxema yctaHoBkn HUMAD MI'Y ana namepeHus Bbixoaa
(hbOTONPOTOHHLIX peakuun Ha Ny4Ke TOPMO3HOIo Y-U3nyyYeHus
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1 — yckopuTernb, 2 — MIOHU3aLUMOHHas Kamepa-MOHUTOP, 3 — CBUHLIOBbLIN KosninumaTop, 4 — BakyyMHas
kamepa, 5 — nccnegyemasi MULIEHb, 6 — eTeKTopbl POTONPOTOHOB, 7—BXOAHOW M BbIXOAHOW NaTpybKu,
8 — OUMCTUTENBbHbIN MarHnT, 9 — CBUHLIOBbIE 3KpaHbl, 10 — 3almnTHasa cTeHa U3 cBUHUA U BeToHa.
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Cxema akcnepumMeHTansHon
yctaHoBkn HUAAD MY ans
N3MEPEHUS IHEPTrETUYECKNX
pacnpegeneHn oTonpoTOHOB
B YCIOBUAX ObICTPOro
nepeknoyeHns (CKaHMpoBaHNSA)
BEpPXHEWN rpaHuLbl cnekTpa
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Ounarpamma pacnaga I'’aP

10-21cex 10~0cex 10719 — 10-Bpex

IR plh) LIP+1plh 3p3h cocmasHoe R0po
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NONYNPAMOLL PAEHOBECHBIL pacnad

pacnad

npedpaeHosecHil pacnad

2p3h
El 1h
20 M3B 1p2h 1p2h
OCHOBHOE COCIORHUE lh___ocHoenoe cocmosrue
(A=) + Hyxnox (A= 1)+ mpxnox

10-2¢ex
NPAMOLL pacnad

CIRIAMRUCIRULECKUS HYKAOHBL= Hpé‘ﬁpﬂ&.ﬁﬂ&é‘ﬂ'.& vle +pﬂ€HGEE§‘CH ble

A OCHOEHOE COCMIOAHUE

[Monynpsamon npouecc — ucnyckaHusa HykrnoHos 1P B HenpepbiBHbIW CNEKTP, MPU KOTOPOM KOHEYHOe
A0PO OCTaeTCd B [ObIPOMHOM COCTOSIHUW. OTU AbIPOYHbIE COCTOAHWSA KOHEYHOro siapa W3BEeCTHbl U3
peakuun (p, d), (d, 3He) ...

[MapumanbHble nepexodbl Ha AbIPOYHbIE COCTOAHUSA codep)XaT WHGOopMauMio O BXOOHbIX YACTUYHO-
AbIPOYHbIX KOHQurypauusax. [lNpegpaBHoBecTHbIM pacnag [P cBA3aH € ucnyckaHMEM HYKITOHOB Ha
HavanbHbIX CTaguUsAX 3BOMIOLUNN BXOAHbLIX OUMONbHbLIX COCTOAHUN.
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JHeprus BoBOYAZeHMA KoHeysoro sAzpa, MaB

c3%s-

2TA| 24Mg

Koppensauus mexay napumarnbHbIMU
POTONPOTOHHLIMU CEYEHUSIMU U
CMEKTPOCKONMNYECKUMU dhakTopamu
NPOTOHHOrO Noaxearta CZSB
(BepTuKanbHbIE NTMHUN) ONA SA0ep
2TAl n 24Mgq. MNMapumanbHble
OTONPOTOHHbIE CEYEHNSA NOSTyYEHbI
CMEKTPOMETPUPOBAHNEM KaK
dOTOHOB (3aLUTPMXOBAHHbIE
CTONIOUKK), TaK M MPOTOHOB
(cnnowHbIe NIMHUK).

CeueHus (Y, py)-peaKkummn nony4eHol
U3 (P, Yo)-9KCNEPUMEHTOB.
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24Mg

CeueHune hoTonornoweHns
(a(y,p) + o(y,n)) ans sapa
24Mg v ero nonynpsimas
KOMIMOHEHTA.

Ctonbukn — paHHble
TEOpPEeTUYECKOro pacyerTa.
YKkasaHa
KOH(UrypaumoHHag
CTPYKTYpa OCHOBHbIX
E1-nepexonos B
pasfnn4YHbIX obnacTax
MraHTCKOro pe3oHaHca.

Bknag E1-nepexogoB rpynnbl (1d2s—1f2s) B cymmapHble UWHTErpasbHbie
ceveHunsa peakumn (y,n) n (y,p) ana Mg coctaenset 71%. B kaHanax (y,p) u
(Y,n) 9TOT BKNag cocTaBnseT COOTBETCTBEHHO = 65% 1 80%. CeyeHne peakumn
(y,pn) doopmupyeTtcss npu 3aceneHun B peakumu (Y,p) rpynnbl YpPOBHEU C
9Hepruen 11-13 MaB. C nocneaytowen ammccuen HEMTPOHOB CEYEHNE peakLmnn
(Y,pn) B 24Mg dbopmupyeTcs B pedynbtate nepexonos 1p,,—1d2s.



HunddepeHumansioe
ceuerue, m6/cp

Z3Na(y, p,)?2Ne

o
-
AV )

Q
~no

o
L J
-

Oueprus portona, MaB

CpaBHeHue cedeHnin peakumm 23Na(y, p,)?’Ne, nonyyeHHbIx
CNEKTPOMETPUPOBAHMEM (POTOHOB (3alUTpMXoBaHHasi 0bfacTb) U
NPOTOHOB (TOYKN).




KoHdurypaumoHHoe pacwenneHue 'AP B sgpe 23Si

J | | |

| 1}]1.-‘_‘? —* ld}; : ZSSi
1p3p — 1d2s
40 A ' '

CeueHme. MO

15 20 25 30
SHeprua dotoHa, M>B



6 18 20 22 24 26 28
a H
3t +f t -
f +*
2 * g
LA
2r H++ +'H B
! ‘ t i
*H +
t
7k | b :
" + *
% i §+++++I HHH*HHMH'” |
é.\ T WH
g T T T T T T T T T T : i B
n;;jL g =1
b4
ol +*9 ++++* * |
| HHHHH'
551 - H++ }”
ittt
T 8 20 22 | 26 | 20 28 w M

CeueHusi A- n B-nepexonoB (COOTBETCTBEHHO puC. a 1 6) B agpe 28Si.
CnnoluHasa kpuBasa Ha puc. 6 — ceyveHne 1p,, —> 2s,1d-nepexonos.

288



. 400

300

200

100

Gy, M3B |

300

200

- 100

T

TPy —>2dy,

I

IDspp—>2d 3,

3ZS

TeopeTnyeckme cevyeHms
NOrnoLwIeHNs1 Y-KBAHTOB
Ha saape 3°S

B ph-npunwkexumn (a) n ¢
y4eToM bonee CrnoXHbIX
KOHdourypaumn (0).



CpaBHeHue pacnpenerieHus
crneKkTpockonu4yeckom cunbi C28
OOHO4YaCTUYHbIX YPOBHEN C
BEPOATHOCTSAMMU 3acenieHuns
Pa3nn4yHbIX YPOBHEN KOHEYHOro

e

0 5 aapa B peakuum (y, p)
!
. 2
s
< -7
oy
& 0 0
(=}
= 2
”:‘L
X 3
9
1+ 7
17
a = riL' T g

‘13/‘2 23Na d

0 2 4 6 8
Inepeusn bogbymdenus Z-1-adep, M3B



6:1”'5 I4 16 ____ I8 20 22\ 24 18 20 22 24 4oca

2 4 ' (Li’i)g,s} M3B T A1z

~—~
e
-
o
-
—
1

=
T T
1
T 1
p————————
| —t—
—.—"—._.-'
—————
—————
1 1 A I}
+ oc

0 t = T T T TR A T T T T 1 T L S 0
I = 16 18 20 - 22 24 18 20 22 24
E,, MaB
4 __I_I‘L.l_LQ_ 18 20 22 24 18 20 22 24
| i AR S| Madi A i A T * % T T T 1 1
il WL *U'pZ)z'Ba e’ 2 P o g2-3,04 | 12
" e ! | . Gads AN
o | 1
| +“+*+ S
0 }
f ‘ ” iy ” 1
2 L 4 _
] |1
0 T T T T Y T T ! 0
24 18 20 24
E Ms8

[MapunanbHble OTONPOTOHHbIE ceveHus ans sgpa 4°Ca, nony4yeHHble MEeTOoOOoM
CrEeKTpoMeTpupoBaHna OTOHOB, CHUMaLWMX BO30OYxAeHne KOoHeYHoro dapa 39K
(a-r) n NpoTOHOB (O-e). YKasaHbl 9HEPruM 3acensieMblX YPOBHEN.



—)  KoHdmrypaumoHHoe
BG4
pacwenneHve 'AP

-
e -

KomMnoHeHTbI A (CrnnoLuHbIe NMHUK) K
b (NyHKTUP) 9KCnepuMeHTasrbHbIX

ceveHnn goTtonornowieHuns saep 23Na,
0 24\Mg, 27Al 1 28Si. CTpenkamm ykasaHbl

LEHTPbI TAXECTU KOMIMOHEHT.

T —
- e
—
L T —




Oona (cAl/ot) ceyeHnna A-nepexoaoB OT MNOJSIHOrO ceYyeHus
nornoweHns y-KkBaHToB B sapax 1d2s-060104Ku

0 F  Na®Mgal St P S Ca
1 1 ¥ 1 i

1 1 ¥

]

| 1 1 1

Z — 3apsag agpa.



Koppensauuna mexay senununHamm (y, py)-ce4eHUn n cneKTpocKonmyeckumm
chakTopamm peakumm NpoTOHHOro noaxsarta Ana aaep 1d2s-o060no04ku

60~=/431
peaxmus (J,p,)
0,2 -
0,1
Us6 o [I0AXBaT NPOTOHE
O,4 F
0,2 +
0 ! | ! I | i ¥ 1 | 1 1
20 24 28 32 36 40

MaccoBoe 4mcio A



Physics Report, 1986, vol.136, p.229-400

THE GIANT DIPOLE RESONANCE IN LIGHT
NUCLEI AND RELATED PHENOMENA

R.A. ERAMZHYAN
Institute for Nuclear Research, U.S.S.R. Academy of Sciences, 117312 Moscow, U.S.S8.R.

B.S. ISHKHANOV, .M. KAPITONOV and V.G. NEUDATCHIN
Institute of Nuclear Physics, Moscow State University, 1195899 Moscow, U.S.5.R.

Mapm 1990 .. Tom 160, sbin. 3
YCIHEXH @®HIHYECKHX HAYK

KOH®HT'YPAHHOHHOE PACHIEIVIEHHE JHITIOJIBHOI'O
I'MIAHTCKOI'O PESOHAHCA B ATOMHBIX SJIPAX

b. C. Huxanos, H. M. Kanumonos, B. I'. Heyoauun,
B. I llleguenro, P. A. Ipamncan, H. I, FOoun

(HUHAD Mockosekoro rocyaaperseHsoro yuusepentera um. M. B. Jlomonocosa)

“PDHIHKA QTEMEHTAPHEIX YACTHI[ H ATOMHQIQ 3 JPA»
1992, TOM 23, BbIIl.6

MCCNEOOBAHMUE OUMNONbHOIO
MIrAHTCKOrO PE3OHAHCA
B (v, xy)-9KCMEPUMEHTAX

B.C. Hwxanos, HM.Kanumonos
HayuHo-uccnefoeaTensCckui MHCTUTYT saepHoi duamkuw MIY, Mockea
P.A.Dpamxsin

WHcTuTyT sgepheix uccnegosannin PAH, Mockea



7+ 7LL

IxcnepurieHm

P.A. 9pamxsH

g | 20 30 40 "Li(y, 1)
Q
3 2k 7
iy e
I S
3 | H
¥ ||||““|”|l |||||I| I“'“””ml

i § 10 1 20 30

Q

w, MaB



200 b ?,_’_325_.).525*
oy
S o«
L N
S 100 F T\N & B d
T - A 3
N
L] clf 1 & 8
e e, Ee=60M3B8 17
= 5 6=180°
B 6 ) w
L g N »
- h =
= 4" $N AT
G Zf Byl N
e 38 =
\.6\ 2F o 77~ -
N I L
R
i1 & |
75 F - 525(}“; v)sep J" =
- =~ -
. 't?
2r 7- 7= ‘% E
197 ) i i o i
\?SE 5__ g'j 0— 2
% 7 1% 17 1
4 I‘ I ﬂ I [ B
I S T
[ I I o I O T 1 :,n raa b i 1 l

15 20 25 30 35

E*(%25),M38
CnekTp Bo3byXaeHWs SAepHON CUCTEMbI B
pe3ynbTaTe MornoLeHst MIOOHOB SiAPOM 32S
B CPaBHEHMM C OTOMOrMOLEHNEM U

paccesaHneM 3eKTPOHOB Ha3ag (Teopus).

M3B

32

28

24

20

76

-

72

7

—p;;;(i’s-? d?g

Y%

1d1F-2f

%

VGU5 py(2s-Tdy,)*
72,3M38

| S i

32P

7 30 P+n
//% VTS p3pl2s-Tdy)"*
N\ 7.29M38
31 p
T3
3IP

CxemaTtunyeckoe npeactaBneHne Bo3dyxaeHus u
pacnaga sigpa 32S B npolecce J-3axeaTa.



o, thepmn”

I'’OP B TaXenbIX agpax

L CeueHunsa goTonornoweHmns
- Ha YEeTHO-YEeTHbIX N30Tonax HeogMma.

_ 3aBMCUMOCTb LUMPUHBI TMFAHTCKOro
1504, -

Nd ONHONBbHOrO pe3oHaHca oT
napameTtpa gecdopmaunm 3

Msoronsl | lupuna I'JIP | E{; g a::z;rﬂ”
- HEoIuMa I, MaB & pﬁ :
“*Nd 4.4 0,10
o INd 5,3 011
4 “'Nd 60 | 015
Nd 7.2 0,19
g pily
“INC
ey 150N pacuICIieHHE 0,27
. Ha J1BE
KOMITOHEHTBI |

E, M3B




MonHbIe cevyeHUs

choTonornoLweHus
agep 154 < A < 209

8 10 12 14 16 18 20 E,MoB



M.H. Urin. Direct-decay properties of giant resonances
Nuclear Physics A 811 (2008) 107-126

4ndoc/dC), MGH/cp
25r

20
15

10

PesynbTaThl pacyetoB andpdepeHunanscHbix (nog yrnom 90°) ceveHuin peakumn
208Ph(y,n) ¢ 3aceneHnem oaHoAbIPOYHbIX COCTOSIHUI Sapa-NPoAYKTa.



U3ocnuHoBoe pacwenneHue I'AP

E_,MbB

20
15

10
o(y,Xp) l
o(y,Xp)+o(y,Xn)

10

107

107

107

0 50 100 150 200 250

Maccopoe unciao 4

OHEeprms MakCUMyMoB
ceyeHun PoToNPOTOHHbIX
(Y, Xp) (TEMHbIE TOYKMN) U
POTOHEUTPOHHBLIX (Y, XN)
(CBETSIblE TOYKM) peakumin B
3aBMCMMOCTHU OT A.

[Mpun A < 50 makcumymbl
CeYeHunn coBrnagator.

QKCNnepUMeHTanbHasa u
npenckasbiBaemMas
CTaTUCTUYECKOU TEOPUEN
3aBuCUMOCTH OT A
OTHOCUTENbLHOro BKNaga
ceyeHun PoToNPOTOHHbIX
peakunmn B NOSIHOE CeYeHne
nornoLleHne y-KBaHTa.



&, MOH

200
U3ocnuHoBoe pacwenneHue I'AP . b i
sol :.-' / JMusepmop, 1967
100 F
50t . r)
; \ Muockga, 1964
0
I'WLH
300 %
o(y. n) 5 1 Gly, p) % 50
200 o 4
¢ 4
@
100 Yt
0 1ln ||5 zlu zI:; 30
Dueprua dbotoua, MaB
5= |N=2 o

N, Z 2 < { (%)
CHT) 1 (1 - 1.5T0A2/5) o} ﬂ%
' i SONITIN.... TV

C2(T.) To \ 1+ 1.5A-2/3 .
20 F A (v.p)
T 1 15 F T
E(T.) — E(T.) —60-°"~ MsB. A
A } :,'H__%\___m 6



N3ocnuHoBoe pacuwenneHue AP °3Ni, °Ni

c, MO .

70

60-
50_
40-
30-
20_

10

c, M6

90 |
80 [
70 [
60 |
50 [
a0 [
30 [
20 |
10 |
o

0 £

o8
28! _
" @m B.=12,2 MaB
& 9P B =122 MoB
E
o
L‘;‘I i
| l 215 1 1 l 3|0
B0y ¢:
X
£k 23“! B.=11,4 MaB
%j} {& A—(gn) N
fil A 97 B,79,5 MeB
' 1




doTtoaeneHue
238U

nosiHoe
nornoweHmne

(v,n)

(v,2n)

(v.1)

Cross section, mb Cross section, mb

Cross section, mb

Cross section, mb

600

500

400

200

100

400

300
250
200
150
100

50

300

250

150

100

50

180
160
140
120
100
80
60
40
20

T T T T T T

1

oy oty
w4y ,m' I {
¢ +

+"'*
e
al “l‘ 1 1 1 1 1 L
6 8 10 12 14 16 18
Energy, MeV
T T T T T T T
b Wt
& "
3
+
‘I
4
N i
. 4
4
#

o METANANY
- Il 1 L L |* L I
6 8 10 12 14 16 18

Energy, MeV
T T T T T T T
c ll' t
I
+
+ t
1
. i
. t
t
# 1 }
+ t
L 1 I 1 1 L
6 8 10 12 14 16 18
Energy, MeV
T T T T rll T T
d N
4 +
+
t 1
‘{
‘+"I+#*. t ,

8 10 12 14 16

18

Rel. yield

Rel. yield

Rel. yield

Rel. yield

e
P=)
%]

o
o
=

0,03

o
(=1
LS ]

(=]
o
purt

0.00

0,03

0,02

0,01

0,00

a)
11,9 MaB
+ -
‘. +
4 R 2
* *
*
. .
‘ ‘
0’ ‘0 0.
et .
80 90 100 110 120 130 140 150
A
" 13,7 MaB
, ob 1
J "4 T
pe ;
¥ h
*
04 *
F 2 + 6
. X +
*
*
-
@ . ¢ :
"ee *
80 100 120 140 160
A
" 14,4 MsB
4, b
+
*
*
* ‘0
*
*
i +
0. ﬂ‘ +
oo -
80 100 120 140 160
A
r
15,6 MaB "
o s
*
- T
* *
l ¥
% i
§ 1
* *
b t P 3
Het *
T T T
80 100 120 140 160
A

A.A.Ky3HeuOB



@, mb

150 ; i 18 o o
igﬁﬁ,‘ .s‘;?’?g ° f'MraHTCKUM AMNONbHbLIN Pe30HaHC
st , 3%
o Autrnlfy
10 20 30
o g [TonoxeHne makcumyma [P
.-!l.'_-‘;. Hl""'-l'."-!ﬂ!g!!!'!!liiifiii’!!ii E f _1/3
) } E~78A4 M»hB
0 ik : -
10 30
15 !’.!-‘n'% 4003
10F ,,!“ “""!3:!!“ .
of e T TR NHTerpanesHoe ceveHune '[P
._-..-""“"f -
. 110 QID 3‘ID NZ
e oy O = _[ o(E)dE = 60— M»>B- M0
- 3 " nt A
100 - _,,"'ﬂ ""'-,-._! GDR
0 - *‘11‘{ n'_-!'!*?il_'[fif![ﬁ!ﬂi_. ETTR—
. 10 - ’,_:D 30
soof it s PacwenneHve makcumyma AP B
o] T nedopMMPOBaHHbIX Sapax
! s ,'Esiziﬂ‘w_nL IEEIIHHHHH ]}
. ."-10 20 - -36“ r() r()
E =78— M»3B, Eb = 78— M»hB
400 - ] i:"!ziultl Ho a a b
sl l,l Tagatt '!‘-5;_!”“!“”_ ‘ . . _1/3
L ‘_:E““‘iigggﬂé ;- AE — Eb _Ea — 78A ﬂ MBB
0= 1IG 2CI — 3.CI
i e “*pp
4oor _,l!l H:!iii._; o
ol = - CeyeHund peakuum (y,xn) B
ERLET T I P PR PR LR o
e ety g | obnactu aHeprun FOP.

10 20 30
E, MeV



E, k2B

«JlokanbHbIE» MarmyeckKkue
agpa v nx npupoaga

-4000 A

-8000 ----

-12000 1

-16000 1

-20000

62ny: 64nys
Ni Ni

OHeprumn (kaB) HenTpoHHbIX Nogobonoyek notonos Ni.

U.H. BobowuH



{T"mhlllllllllllllllllll

300

200

100

150 F

100 | i _ B.H. OpnuH

KombuHupoBaHHas
Moaernb
doToaepHbIX
peakuuu

POTOHEUTPOHHbIE peakunm

PasfMyYHOM MHOXECTBEHHOCTM
T 20 a0 a0 so 0 ew  HawusoTone '81Ta.




B 1979 r. co3aaH LleHTp AaHHbIX (hoTosiaepHbIX 3kcnepumeHToB HUMAAD MIY.
B 1986 r. HayanbHuKom LD Ha3Ha4eH K.¢p.-M.H. c.H.c. B.B.Bapnamos.

MIMHCTENCTRO BUCWEM H CPEANENC CHEINANLIONO OBPA3OBAWMA CCCP

MOCROBCKHA  epnenn JIEIMIA w oppese TPYLOBONO KPACHOMNO
SHAMELD  Tocynapcymennisi FUNDOPCHTOT
wenis M.B. Jlomonocosn

HAYHHO-HCCAEAOBATEMLCKHA MHCTHTYT HOEPHOA OH3IMKH MYy

TIPVIKA3 2
2 Lt Gk T 57
VL 107 s, rMocnea. M,

26-1 56-500

L

U LenRX NoBuMEeHMA SMHCKTHDHOCTH padoTh T'pyDDE 8RNI ANEDHMX LR
UiiX, UONYYEHHHX B SACHEDUMEHTAX C J-KBAWTAMM, B EanpaBnexEy cdops,
CHCTEMaTH38LIM M DPECIDOCTPEHEHHA NeHHNX 0 (OTORNEPHEX Peanuudx K
YUOPR/OYEHAA KOHTBKTOB 88 COTPYIHUKOB C OpPTand3alliand ¥ Judieny B
CCCP u za pydesom, IIPHKASHBAD:

§I
HepewvenosaTs I'pynny ananuss ANSPHUX JeHHMX, NOAYIEHRHX B BKCDe-
prmenTax ¢ J-xpanranst B LEHTP JAHFRX QOTQAIEPHHX SKCIIEPIMEHTOB
(Lawd) .
§2

Hasnawsrs nowansauxom [[EGS HIDHG MIY c opasoM nomnEcy coOTBETCT-
DYBGAX JTOKYMEHTOB Havansuuxa JOMBAA HIUHA® MIY npojeccopa B.C.¥mxano=-
Ba.

§3

Hasha'miTs SaMecTHTeAsMZ HguansHuxa LG9 HIWHG MY ¢ npasou nom-
DHCH COOTBETCTBYRUMX NORyMeRTOB K.§.M.B. M.M.KamzTonoBz ¥ K.f.m.H.
E.B.Bapnamopa,

§ 4

Samectitenw HIOFS MIY no sammsmucTpaTuBBO~x02afcTheBRoE padore
COBMECTHO ¢ HavaasHukom IUIGD npodeccopom E.C.HDXeHOBEM NOZTOTOBUTL
BOLPOC © COSHAHMM Ha OCHOBE ofumansEoro dnerxe HIHD MV ofrxdent-
#0T0 Ononwa LI0Y HIRG MIV.

§5

Yuenomy cexperspn MRS MIY E.A.POMSHOBCKOMY COBMECTHO C Rauaib-
tmrom UG ppodeccopon B,C.MmxsmopEM DOATOTOBMThL BODDOC O GORANKE
gsapyJeERuX KonTaxToB L33,

2} COFE => Team - Microsoft Internet Explorer

| @ain Cpeexa B uobpatoe Cemc Crpara || E v || apec [€1hup icdie s ] enepeon [

Ilmﬂli‘hl”wﬂ

CENTR DANNYKH FOTOYADERNYKH EKSPERIMENTON

CBFE == Team

The CDFE Team.

Prof, Varl yladimi

'I Vasil'evich, Cantre Haad

| @ Leader Research Associate

4 “== Doctor of Science, Professor,

W Lomonosov Moscow State
University, Skobeltsyn Institute

o of Nuclear Physics

gnuclear reactions, nuclear

spectroscopy, nuclear data
compilation and evaluation,
photonuclear data index, data
banks, WWW

e-mail:

| varlamovihdepni. Sinp. msi. i

s -
g 3 CNDC
N JAERI=NOC

< /kaeni

=10l x|




[lpobOnema napumanbHbIX
cevyeHuUn poTossaepHbIX peakuun

Pasnnyne B AaHHbIX 3KCMEPUMEHTOB
Ha Ny4Yykax TOPMO3HbIX (OOTOHOB U B
OAHHbIX 9KCNEPUMEHTOB Ha Ny4Kax
KBA3MMOHOXPOMAaTUYECKNX POTOHOB

Cakna u JluBepmop



CucTemaTiKa OTHOLIEHMI MHTErPanbHbIX ceYeHnin R™ = g™, . /6™ ;. 0. MapUManbHbIX
peakuuin ans 19 agep, uccnefoBaHHbIX B HA NyYKax KBa3MMOHO3HEPreTM4eCcKnx
AaHHUTUNALUNOHHbIX hoTOHOB B Cakne (PpaHuus) n Jimesepmope (CLUA)

| F1 \. sy 94zr )
CeuyeHus peakuui (y, 1n) 3ameTHo N k ",
(mo ~100 %) 6onble B Cakne: N e AL T
] = _ >1:<R>=1. ) 00 : AN P tt]
5 @ 159Tp KBaApaTbl - B obnactm R> 1: <R>=1.07 -~ oTp. 3Hau. o 1
20 & i = 1.5 ——— R 05 | | A e <A b
g E}?{%F Fﬁ(: i 10 L 20 - 30
150 2 omn 6
100 2 < "
JF I % f Jf >050 o)
o, mb J % ? 05 >l EEEEEEEN | | .':I.:i‘iﬁ\%i .}LL 1'! | | L]
200 T m % A 1 [ ‘I - \ I,
150 ? H y -l T 0,0 - 4"
A A L
1:: — % % 0 0 30
u T J T4 F, -
i t 1 wof . >0.33
: » !
120 .J'
100 u; FH J J
80 :* ) ) ) , ) ) ) ) . ) ) ) ) ) ) ) ) , I
iz : Sy T5pg By 90z 115 1igy 117g, 118, 120g, 1245, 127) 1335 169y 165, 181, 197, 208py 2390 208 00 iﬁ'“}
e~ CeueHus peaKum (y, 2n) 3aMeTHO T T e e

E, MeV

(@o ~ 100 %) 6onbwe B JlIuBepmope:

TPeyronbHUKU - B o6nactm R <1: Ly S LU L S 1y S s B L S voc

<R> = 0.84. G('Y, 2n)
O6bekTuBHLIE dmsnueckue kputepun K, = <0.50 (Y
[OCTOBEPHOCTU AaHHbIX (v, 1n) N\2a(y, 2n)/+ 36(7, 3n) +...

59C0, 63’65CU, SOSC, 90'94Zl‘, 98M0, llSln, 112'124811, 133CS, 138Ba, 139La, 140’142(:6, 159Tb, lSlTa, 186y, 186'19208, 197Au, 208Pb, 20984

Cucrtematnyeckue pacxoXxaeHus - NOrpeLHocT! onpeaeneHns MHOXXeCTBEHHOCTU (hOTOHENTPOHOB



JKCnepuMeHTaribHO-TeOPEeTUYECKNN MeTo OLLeHKMU
O-oueH(V, II‘I) — FiTeop ° O-akcn(v, XI‘I)

o,mb = 159Th

o(Y, sn)

HaHHbIe
Cakne

aHHbIe
INlnBepmopa

o, mb

o(Y, 3n)




2 PhysRevC.95.054607. pdf - Adobe Reader,

Baiin Peasktvposanve [pocvotp Orve  Crpaska
@ @ @ % ‘ 5. IS‘ =) (o HCTpyMeHTbI MNoanmcatiie KommenTapim Honoantensho (( I O ! 5)) ! 0 I
2 9

PHYSICAL REVIEW C 95, 054607 (2017) BT

¥ Coapatb PDF

s . 159 =
Reliability of (y,1n), (y.2n), and (y,3n) cross-section data on = Th Moaynb Adobe CreatePDF @
Mpeofpasyiite hafinbl & dopraT FOF ¢ nerkacTsro
V. Varlamov.!* B. Ishkhanov. "2 and V. Olin! OB vearRAATE 1 C BN ADYTIE: THIGE E PEAGTIE HASIH,

8 PhysRevC.96.044606.pdf - Adobe Reader

®afin PeaakTvpoeanne [pocrotp Okho  Cnipaera *

iﬁ. PHYSICAL REVIEW C 96, 044606 (2017)

VHCTpYMeHThI Moanvcaxve KomMmentapyv HononHviresnnHo

~ BofiTH

¥ Co3patb PDF

Mopaynb Adobe CreatePDF &
MpeatpasyiiTe dafinl & dopmat POF 1< nerkocTe
EBEAMHARTE i € thakNak ADYTI THNOB B PEskHHE DHRaFH,
NONL3YACE ANATHOA NOATMCKOR.

Experi 1 and eval 1] ron cross sections for "7 Au

V. Varlamov,'-" B. Ishkhanov."? and V. Orlin'
'Skobeltsyn Institute of Nuclear Physics, Lomonosov Moscew State University, 119991 Moscow, Russia
2Physics Faculty, Lomenosov Moscow State University, 119991 Moscow, Russia
(Reeeived 7 June 2017: revised manuscript received 21 August 2017; published 9 October 2017)

BeiepuTe dhaiin, KoTOpB TReByeTCA npecipasBaTs & FOF:

L PhysRevC.96.044604. pdf - Adobe Reader

Dakin  PepakTHposaHie [pocmoTp OkHO  Cnpaska

KommenTapyia | flononHATeNnbHO

i1z | (=) HE &8 |2 @ |

PHYSICAL REVIEW C 96, 044604 (2017)

MHCTpyMeHTE1 MNoancanme

4 BoTH

[»

¥ Cozparts PDF

- . . - . .
Photoneutron cross-section measurements in the *”Bi(y,xn) reaction with a new method

Moaynb Adobe CreatePDF &
of direct neutron-multiplicity sorting

MpeobpazyiTe daine & Gopmat POF M C NErkocTs
OGBEAHHANTE Hx C hakinari Apyrit: THNOE B PEKMME OHNSHH,
NOb3YACE MNSTHOH NOANHCKOH,

Aw7) | (=) (e

L8|l

Nuclear Inst. and Methods in Physics Research, A 871 (2017) 135-141 ~ BaiTh

WhcTpymenTsl | Moanvcatve KommeHTapim

¥ Cozpath PDF

Contents lists available at ScienceDirect =
Mopaynb Adobe CreatePDF (=3}
Mpecfipasyiie dafine & doprat PDF 1 € nerkocTsmn

OB bE AMHSATE 1 £ afNari ADYTHX THNOS B DEAHIHE DHNARH,
NOAE3YACE MNETHOR NOAMHCKOH,

Nuclear Inst. and Methods in Physics Research, A

BrifepnTe thain, KOTOPLIA TpEByETCR MPenBpasosaTh & POF:

journal homepage: www.elsevier.com/locate/nima

Brifpate chakin |

Direct neutron-multiplicity sorting with a flat-efficiency detector ——

EIRRI Ny 2X i2017-12373-7.pdf - Adobe Reader

Sergey Belyshd| wafin Peaactaposanme OpocwoTp  OkHo  Cnpaska ®
Seitarou Kata - 7 = 5 7
2 @ f} @ @ | (11 7) | (==) (o | ‘ WMHcTpymeHTol | [Moammcane | KommedTtapria
@ 3T0T chabin COOTESTCTEYET CTaHAANTY PDF/A, B LUSNAK NPEACTERAWEHMA EHECEHMA MEMEHEHMIA OH BN OTHOLIT TONMEKD 4ONA YTEHMA. Paspewrs peAaKIVpOBaHIE
@ Eur. Phys. J. A (2017) 53: 180 THE EUROPEAN &5

DOTI 10.1140/epja/i2017-12373-7
Ll ' PHYSICAL JOURNAL A

g

&

s

Regular Article — Experimental Physics

Photoneutron cross sections for *?Co: Systematic uncertainties
of data from various experiments

V.V. Varlamov':®, A I Davydov?, and B.S. Ishkhanov'-?




10°

[aMmMa-akTuBauMoHHasa MeToauka
MHO>XXeCTBEHHbIX peaKLUun

+ .
llllllllllllllllll li{!llvlll LRSS AR AR LR A RERRE A RN LN AL

0 100 200 300 400 500 600 700 800 900 1000
Ey, kaB

O6pasoBaHne 1 pacnag pagnoakTMBHOro nsotona '°7Hg B peakumm

198Hg(v,n)197Hg.



Pa3pe3Hon MukpoTpoH 175 MaB

DHeprusi UHKEKLUUN

6 MbB

DOHeprus rIIaBHOTO YCKOPUTENs (M MPUPOCT 32 OJTHO NMPOXOKICHHUE)

6 MbB

Hucno npoxoxaeHuid

27

9Hep T Ha BBIXOJC

24-175 MhB

dakrop 3anonHeHuss padbouero 1ukia, D

100%

OTHOCHTENBHBIA YHEPTETHYECKUN pa3dpoc

10°-10""

[ToniepeyHbIil SMUTTAHC MMyYKa

0,05 Mmm-Mpan

MaxkcumanbHbId TOK ITydKa

100 MxA

Paccrosiaue MCXKAY ABYMA ITOBOPOTHBIMU MAarouTaMu

10 m

Bec kaxpgoro IIOBOPOTHOI'O MarHuTra

18 T

JMHa TMHEHHOTO YCKOPUTENS

6,24 m

Hucno KIMCTPOHOB

12+1

Yacrora cinenoBaHus OaHyen

2450 MI'n

B.W. LLiBeayHoB

Linear accelerator

M, Q9
EM,

Q,Q

s,

RACE-TRACK

Hain

electron gun
vacuum valve
lens

wire scanner
chopper cavity
buncher cavity

P 40 A

Beam emittance forming 1ine

L _ BN, I, B 553

Ly WS, L, L,

G ] Electron

oum :-- L = B
V, WSS, C, A C, gun

HICROTRON

l1inac

A - arerture

BM - beam monitor

H - bending masnet

Vs - vertical steerer
Hs- borizontal steerer
Q- gladmpoie



N3yyeHne nurmm-pe3oHaHca

 HoBOe KONMeKkTuBHOE OBUMXEHUE.

 HoBble cBoncTBa A4ep, yaaneHHbIX OT
Nosiocbl B-CTabUNbHOCTW.

e CTpyKTypa OCHOBHbIX COCTOSIHUI A4ep.
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PacnpeneneHne cunbl E1-nepexoaoB B3STO 13 9KCNEpPUMEHTaIbHbIX

OaHHbIX pabor:

P. Adrich et al./[Phys. Rev. Lett. 2005. V.95. 132501;

A. Klimkiewich et al.//[Phys. Rev. C. 2007. V.76. 051603.

PacnpeneneHue cunbl M1-nepexonoB OLEHEHO MO COCEAHUM a4paMm.



KAGEOPA., S 3 EKTPOMATHMTBIX MPOLIECCOB
OBH.[EI/I AJEPHOU ®U3UKH i B3AMMOAENCTBUA ATOMHBIX AAEP

CKAHTPOHMK

Vlsoﬁpa»(el-me, nony4yeHHoe ¢ NOMOLLbI UHCMEKLUNOHHO-
[OCMOTPOBOro Komnnekca. B ocHoBe komnnekca nexur
TNINHENHBIN YCKOpUTerb 3/IeEKTPOHOB C MOUMMNYIbCHbIM
nepeknrYeHnem aHepruu.

WMNynbCHbIN pa3pe3Hoi MUKpoTpoH RTM-70 HUMA® My
Ha 3Hepruto anekTpoHos 70 MaB.

Y CKORTENNISEKTROHOB)

YckopuTenb 3M1eKTPOHOB AnsA paauorpacdumn Ha aHepruo
3 + 8 MaB. Ucnonk3yeTcsa Ana KOHTPONSA CBapHLIX WBOB
3/IEMEHTOB aTOMHbIX PEaKTOPOB.

[eACcTBYIOLWMIA NPOTOTUN MOLLHOTO NPOMBILLNIEHHOTO
VMNYNbCHOrO NIMHENHOTO yCKOopuTens Ha aHepruto 10 MaB.
WUcnonb3yeTcs, B YaCTHOCTU, AN UCTILITaHUSA 3MEeMEHTOB
KOCMMWYECKOMN TEXHUKM.

WMnynbCHBIN pa3pe3Hoil MUKPOTPOH Ha aHepruio 55 MaB
ANA CUCTEMbI AETEKTUPOBaHUA B3PbIBYaThIX BELIECTB.
CoBmecTHbIN npoekT ¢ ®UAH. Yckoputens co3gaH no
3akasy JluBepmopckoi na6opatopuu CLLUA.
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dusuka JLAB
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B3anmoageuncreume aKkCTpemManbHOro
ynbTpadnoneToBoro U peHTreHoOBCKOro
NU3rly4eHUss UCTOYHUKOB HOBOIO
NOKOJSIeEHUSA C MaTepuen

BnusaHue cnuHa aapa Ha ABYXJOTOHHYHO
OBYX4YaCTOTHYHO MOHU3AUMNIO.
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- 12
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26% ¥Xe 1=1/2,

21% B'Xe I=3/2
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Hay4yHble cBaA3n OINBAA u kadheapsl OAP

Hucturyt AnepHeix Hecnenopanuii | | Otaen SneKTpoMarHHTHEIX [Iponieccos
Poccuiickoit AkageMuu Hayk, 1 B3auMoneicTBHii ATOMHBIX Snep
Mockga HINMAD MI'V
OGbenMHEHHEBIH ITHCTHTYT | PoccHIICKHIT HayYHBIH IEHTP
slnepHeIx Hccnenopanui, «KypuaTroBCKHI HHCTHUTYTI),
JyOHa _ Mockea
" Instituto Nalzionale l Max-Planck-Institut
1 F1zica Nucleare, Italy ) =2 fir Kernphysik, Germany
— Kadempa
European Organization . : =
. 5 Institut flir Physik
for Nuclear Research
(CERN), Switzerland der Johannes Gutenberg
: Universitat Mainz, Germany
Thomas Jefferson - . ,
National Accelerator Facility, Y LAGURES New SUB,ARU
USA ¥ Ha HAKOIMUTEJILHOM KOJIBLIE,
Japan

EBponeicKkuii pEeHTT€HOBCKHIT JIa3ep
Ha CBOOONHBIX YIEKTPOHAX Deutsches Electronen-Synchrotron

(European XFEL), Germany (DESY), Germany
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