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Compton back scattering technique
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Synchrotron radiation at storage rings
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Compton back scattering history

1963 — F.Arutunyan, V.Tumanyan. JETF 44 (1963) 6, 2100.
R.H.Milburn, Phys.Rev.Lett. 10 (1963) 3, 75

1964 — Moscow (Lebedev FIAN) — first experimental evidence

1976 - Frascati (LADONE - ADONE) — photonuclear physics

1984 - Novosibirsk Budker INP (ROKK - 1,2 — VEPP 3,4) meson photoproduction
1988 — Brookhaven BNL (LEGS - NSLS)

1995 — Grenoble (GRAAL — ESRF )

1998 — Osaka (LEPS - Spring-8)

2000 — Duke (HIgS -)

New history: FEMTOSECIND LASER DRIVEN GAMMA SOURCES



Photon density (photons MeV~1 x 107)

1) 1022 ph/s/mm?mrad?/0.1% bandwidth, 10 mrad, collimation of 4.5 mrad
X-ray phase contrast imaging of biological specimens with femtosecond pulses of betatron radiation from a compact
laser plasma wakefield accelerator . S. Kneip, C. McGuffey, F. Dollar, M. S. Bloom, V. Chvykov et al. Appl. Phys. Lett.
99, 093701 (2011)
2) 3 x 10" photons s*' mm2 mrad-2 (per 0.1% bandwidth), 5-15 mrad. Quasi-monoenergetic and
tunable X-rays from a laser-driven Compton light source N. D. Powers, |. Ghebregziabher, G. Golovin, C. Liu, S. Chen,
S. Banerjee, J. Zhang and D. P. Umstadter* Nature photonics letters ( Nov. 2013 ) p.1-4.
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Low-lying “Pygmy” Dipole Resonances and
Strength Functions

V. Werner!

U Institut fiir Kernphysik, Technische Universitdt Darmstadt, 64289 Darmstadt,
Germany

Recent investigations into dipole resonances below the neutron separa-

tion threshold have focused on characterizing the properties of the so-called

Pygmy Dipole Resonance (PDR). Electric dipole excitation strengths around

6-7 MeV are often attributed to this collective excitation mode, which is typi-

cally interpreted as an oscillation of a neutron skin versus the proton-neutron

core. A complication for experiment is to distinguish such a mode from the

low-energy tail of the Giant Dipole Resonance (GDR). The amount of ex-

tra PDR strength on top of a GDR tail depends largely on the choice, or

the method of extraction of photon strength functions. Whereas most ex-

| perimental searches for the PDR were performed on spherical nuclei, this

presentation will focus on recent experiments on 7Se [1,2], on the virge of

deformation. Absolute cross sections of dipole excited states were determined

using bremsstrahlung beams at the S-DALINAC facility at TU Darmstadt.

Information on parities and decay paths were obtained at the HIGS facility
at TUNL, Duke University.

[1] N. Cooper et al., Phys. Rev. C 86, 034313 (2012).
[2] P. Goddard et al., Phys. Rev. C, accepted.
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Medium effect in the photoexcitation of a cluster in 6Li
T. Yamagata!, H. Akimune!, S. Nakayama?, T. Shima® and S. Miyamoto*

1 Department of Physics, Konan University, Kobe 658-8501, Japan
2Department of Physics, University of Tokushima, Tokushima 770-8502, Japan
#Research Center for Nuclear Physics, Osaka University, Osaka 567-0047, Japan
4Laboratory of Advanced Science & Technology for Industry (LASTD),
University of Hyogo, Hyogo 678-0242, Japan

In the reactions of (p,p), (7Li,’Be) and (He,t) on the ¢7Li targets, new dipole
resonances have been observed at Q~-30MeV, i.e. much higher excitation energy than
the excitation energies of the giant dipole resonances (GDR’s) in the target nuclei.V
Based on the comparison of the resonance energies, widths, excitation cross-sections
and charged- particle decay-mode of the new resonances with those of the GDR and the
spin dipole resonance (SDR) in *He, it was concluded that the new resonances are the
GDR’s and the SDR’s of the a cluster embedded in #7Li or their analogs.? In this
abstract, we call these new resonances to be the “ dipole-excitation of the a cluster”.
Though the dipole-excitation of the a cluster would be strongly observed in
photo-nuclear reactions, in the previous investigation of the 67Li(y,n) reactions such
resonances were not observed.? (\’ | Xk)

In the present work, we investigated the 6Li(y,n) reaction at a y-ray energy range of
Ey=5-55 MeV generated via the Compton backscattering of laser photons with
relativistic electrons in the storage ring, New SUBARU at the LASTI, University of
Hyogo.

The observed excitation function shows two peaks at Ey~12 and 33 MeV. The former
is consistent with the GDR in 6Li, as mentioned in Ref. 3. The latter may correspond to
the dipole-excitation of the a cluster in 6Li. The excitation energy of GDR in the a
cluster is higher than that of a free tHe by about 5 MeV which suggests that a size of the

a cluster in 6L is smaller than that of a free 4He.

1) S. Nakayama et al, Phys. Rev. Lett. 87 {(2001) 122502; T. Yamagata et al., Phys. Rev.
C 69 (2004) 044313,

2) T. Yamagata et al, Phys. Rev C 74 (2006) 014309; ibid. C77 (2008) 021303(R);

S. Nakayama et al, ibid. C76 (2007) 021305(R): ibid. C 78 (2008) 014303.

3) S.8. Dietrich and B.L. Berman, Atomic Data and Nucelar Data Tables 38 (1988)199.
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SOFIA, a next-generation facility for fission yields measurements and fission study.
First results and perspectives.

L. Audouin
Institut de Physique Nucléaire d'Orsay, Universite Paris-Sud

SOFIA (Study On Flssion with Aladin) is an innovative experimental program on nuclear

spectrometer, providing precise yields measurements. We will discuss the experimental
set-up, present the results of the first experimental campaign of 2012 (during which a large
variety of actinides and pre-actinides was studied, especially Np238) and the perspectives.
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Photodisintegration reactions with linear polarized

gamma-ray beam

T. Hayakawa!, T. Miyamoto?, T. Mochizuki2, T. Horikawa?2,
T. Amano?, K. Imazaki?,
D. Li3, Y. Izawa3, K. Ogata*, S. Chiba®

1Japan Atomic Energy Agency, 2 University of Hyogo, 3Institute for Laser Technolog,
4 Osaka University, 5Tokyo Institute

A candidate of a nuclear reaction to detect hidden nuclear materials is photodisintegration
reactions. The (polarized gamma, n) reactions have a chance to detect with high signal-to-noise ratio
as nuclear resonance fluorescence. In 1950's, Agodi predicted that the angular distribution of cross
sections in (gamma, n) reactions with a 100% linearly polarized gamma-ray beam for dipole
excitation should be anisotropic and universally described by the simple function of a + b sin(2theta)
at polar angle phi=90 degree. However, there is no experimental data with linear polarized photons
except some light nuclei such as deuteron. We have verified experimentally this angular distribution
on '"’Au, "1, and natural Cu using linearly polarized laser Compton scattering gamma-rays at
NewSUBARU. We have measured neutron energy using a Time-Of-flight method. We have
changed the angle of linear polarized plain of the incident laser. The neutron angular distributions on
the three targets can be reduced by the formula predicted by Agodi. We have verified the Agodi’s
prediction over the wide range region for the first time.
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Fig. 1 a schematic view of photodisintegration reactions on Au target.
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[lennmocTtu

2.1.3. AagpacZ>=>90

Has sapep ¢ Z = 90, o6rajaloliiX HU3KHM TOPOTOM Jle/IeHHs (B) ~
~ 6 MsB), ceuenns dorosesenus c YBelTHYEHHEM SHEPTHH Y-KBaHTOB
npuMepro o 20 MsB u Beime craHOBATCA OMM3KH K TONHBIM CEUeHHAM
toronoromennsa. CoracHO CTATHCTHYECKOH MOJENH H MHOTOUMC/EHHBIM
3KCIIEPHMEHTAJIbHEIM JaHHBIM (cM., Hanmpumep, [23]) zeanmocts sgep npu
sHepruAx Boabyxnuenus no 40 MaB onpenensiercst oTHoweHneM Helitpon-
neix (T,) u penuresnpusix () wnpun

By o 0 I
lnt+Tp ' T, 4T, T,+T;

Df (E'V) = *{_ AT (22)

rae T, T} — cooTBeTcTBEHHO HEATPOHHBIE H JeJHUTe/bHble LIHPHHBL 5i-
pa, 00pasoBaBLIEroCsa Noc/e BeIeTa HelTpoHa. PacuerHas 3aBHCHMOCTDb
D; (E,) nna agep **2Th, *U, 28U, *Np nokasana Ha puc. 2.2. B pac-
cMaTpHBaeMoi OBJACTH OTHOCHTE/bHble HEHTPOHHEIE H JEJHTEeJNbHbIE lIH-
PHHBI VTSI TSKETBIX €D NPAKTHYECKH HE 3aBHCAT OT SHEPIHH BO3OY /e
nust [23]. Takum 06pasoM, HE3aBHCHMO OT MeXaHW3Ma BO3GYKAeHHS npH
YC/IOBHH, YTO BCH 3HEPTHA Y-KBAaHTA HJHM 3HAUHTE/IbHAS €€ YacTb YXOIHT
Ha BO30yXKIeHHe fjpa, ceueHne (OTOMNOLJIOLIEHHS OYEeHb OBICTPO 110 Mepe
YBeJHYEHHSI 3HEPTHH (OTOHOB TNpPHOAHMKAETCH K O

Tyt (Ey) = Oyf -+ Oy nf + Gv,?nf “E" e (23)
C Bo3pacTtaHHeM 9HEPIHH (POTOHOB IO HECKOJBKHX COTEH MErasjeKTpoH-
BOJIBT J@JICHHIO 5leD B 3aMETHOH CTeNleHH MOIYT NPEelILecTBOBATh pacra-
Jibl ¢ HCOYCKaHHeM OBICTPBIX MPOTOHOB
M JIeTHMOCTh MOXMET YMEHBLIATBCS 3a D,
cuer cumkenns Z%A. Ouenku, caenan- 1,0 b o
uble B pa6ore [21] mas simep 238U u 20U, Sagt
npexckaspsaior Dy = 0,7+ 0,9 s 2o
oBoux siep B 3aBHCHMOCTH OT BHGpan- GO[ 22
HOH Mojeau OapbepoB JesieHHs (HpH Th
E, =900 MsB). Oanako neranpHble gt
pacueThl 3aBHCHMOCTH JAENHMOCTH sitep [
OT 3HepPTHH (OTOHOB JIO CHX HOP He Npo-
BEJICHBI. G4
Tewm He MeHee OUEBHJHO, YTO H3 pac-
CMaTpHBaeMbIX BHIILE METOAOB onpefene- (2 F
HHA NOJHBIX CeUeHHH (hoToNOorIOmeH S
H3MepeHHe ceyeHuil poTojeNen s TpaHe- L L RS |
YPaHOBHIX sep JaeT Haubosaee GIH3Koe 0 20 30 40 E,M38
K DOMHOMY CENeHHIO SHAUEHHE, IOCKOMb- oo 99 3anucumocts gemumoctH pas-
Ky Nponecc AejeHns 115t STHX SACP UME-  yyix arep or sweprun BoabymieHus.
€T MHHHMaJIbHBIH [IOPOT N0 3HEPIHH BO3-  PacueT N0 CTaTHCTHYECKOi MOeH,




CeyeHnuns BO36y>K,EI,eHI/IFI CMOHTAHHO AeNALNXCA N30OMEPOB .
anrpckmin FO.T1, n gp. Fortsch.Phys. 22,1 (1974) 199.
U.Kneisl. U e.a. Fortsch.Phys. 30,2 (1982) 326.

Hepopesos B.I. n gp. Nucl.Phys.324,1 (1979) 29.
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Puc. 3.8. Cpennue sHepruu Bo30yKIeHHUS E* (@), yrnosbie MoMeHTHl M (h) (6) u uMIyTbe
ol P (8) misa siiep, o6pasoBaBUIMXCS r0CAe OKOHYAHHS KacKala B AAPaX-MULIEHAX ypaHa
(1), pyrenus (2) u amomunus (3) [63].

Puc. 3.9. Cpenree suauenue HaMenenus sapsiia AZ (a), maccosoro unciaa AA (0) kak
yHKIMA Macchl AApa JUIL Tpex sHeprudl E, (/ — L 2—0,6; 3—0,3T3B)[63]. Tou-
KH — pe3yJbTaT pacuera, KPHUBBIE NPOBEleHBl [0 TOYKAM BH3YaJIbHO.
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Maccbl OCKONKOB

Buivod. 2, KOJIKOB JIeJIeHHA sjep “°U u
10— 238 npu 3Heprusix (OTOHOB
Ey . 2225 M3B (puc. 3.28).
Buano, 4to ¢ yBeJHYeHHEeM
SHepruu (hOTOHOB BKJIAJ CHM-
METPHYHOH KOMIIOHEHTHI pea-
KO Bo3pacTaer. AHa/lorHuHas
saBucumocth y fnep *INp.
B peakuusx noj jedcreu-

€M 3J1eKTPOHOB OCHOBHbBIE pe-
ayasrarsl nonyuenst Ilorre-
pom [143, 144] u Aenbaxom
¢ corpyauukamu [120, 145].
B nepsoii pabote /11 peruer-
pauHi OCKOMKOB HCIOJb30-
BaHbl  [OJYPOBOAHHKOBBEIE
[1OBEpPXHOCTHO GapbepHLIe Je-
LT ST ey TEKTOPHl, BO BTOPOH — JH-

60 90 w0 10 120 10 KO 150 A 3sjekTpHUECKHE TPEKOBBIE Jle-
. TEKTOPLL, MPY 3TOM NpHMEHe-
10F HAa 3aBHCHMOCTb JAHAaMerpa
; : : TPEKOB OT M4CChl OCKOJKOB.

B nepBom cayuae paspetie-
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Puc. 3.28. Pacnpestesienne Mace ockonkos dorotedenus agep *Np (a) u ¥°U, 81 (6)

[PH Pa3/IHYHBIX MAKCHMAJIbHBIX JHEDTHAX TOPMOZHOrO ClieKTpa npumepto ot 10 g0 15 MsB
[141, 142].

Puc. 3.29. OrHolleHHe BHIXOAOB OCKOJKOB CHMMETPHUHOTO H ACHMMETPHUHOrO Ae/eHHi
JUIS pasiHuHbIX 3Hepruil siexktpoHos [143, 144]:
I =3Ufe, )i 2—~3U(e f); 3— U}
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HoBble 3aga4n:
HenuHenHble adopekTbl K3 B dhoTOAAEPHBIX Npoueccax
MHOrooTOHHbIE OOMEHBI.

doT0- 1 anekTpoaeneHue agep — aktnHnaos (Zo ~ 1)

OnNeKkTpoMarHuTHas guccounauns penaTMBUCTCKUX S0ep :
MakcumanbHble EM nons B nabopaTopHbIX YCIOBUSIX

demTOCEKYHOHbLIN Nnasep : penatmsmuctckme EM nong



Hemmnennsie 3¢pdexrol KI/1 B poTossaepHbIx nmpoueccax
(Aapa — aKTUHHUBI)
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Delbruck Photon splitting Coulomb scattering



JlennGprokosckoe paccesnne — Buknmesus Crp. 1 u33

Jle/ibOPIOKOBCKOE paccesiHue

Marepnan us Buknuneaun — ceoGoanoii aHunkioneinm

Jleasdpr Koe paccé . paccésuue Jleanfpioka — paccesune (OTOHOB Ha BHPTYAIBHBIX
(pOTOHAX CHIIBHOTO YICKTPOMATHHTHOTO NOJs (HANPHMED, Ha KYJTOHOBCKOM 11o1e anpa). Ito
NEpBRI 13 TIPEJICKA3AHHBIX HeTMHEiHbIX pheKTOR KBAHTOROH NEKTPOAHHAMHKH.
Jlean0pIOKOBCKOE PACCEAHUE, B OTIIHHUHE OT KOMIITOHOBCKOTO, HE MEHACT IHEPTHH thorona B
cHeTeMe 0TcuETA, B KOTOPOIi BEKTOPHBIH IOTEHLHA 110/1% B TOYKE PACCEHHHSA PABCH HYIIO.
Jlean0pIoKOBCKOe Paccesine MOKET IPOHCXOIHTE KAK ¢ COXPAHCHHEM, TaK H € HHBEpCHEil cnuna
thorona.

Copep:xanue

| Mexannim

w 2 Ceuenue pacceanus
m 3 Heropus

m 4 Om. raKxe

m 5 llpumevanns

m 6 Jlnreparypa

Mexanusm

BupryanbHbii oTOH 1014 (CHUIY ClIesa) NOPOHKIACT VICKTPOH-
HOBHTPOHIYIO NApy (JIEBas i HILKHAA CTOPOHBI KBAAPATA).
IManatouii OTOH PacceHBACTCA HA OIHOM W3 ICHTOHOB, Nocie
YEro TOT AHHHHIIMPYET CO CBoeii aHTHYacTHIEI, TopoXkIas
BHPTYIbHBIH (hoTOH.

Ceuenue paccesiHust

CCHMCHHE

JList poToHOB HeGOIBIIHY HHEPriil (h_;,.‘ < 1N, I

1
paccednnd ¢ COXPaHCHHCM CTII!IT&'II ‘:

MelinMaioBCKas AHarpamMma
nen le—!PIU KOBCKOTO paccesiis

doy. =do__ =1.004-107%(Za)'rjcos'(9/2)dQ2
A CCUCHHME PAaCcCeAHNA © IIIIBC]_‘PCHL‘R CITHHA:
doy_ =do_y =3.81-107 Y Za)'rd sin' (9/2)d€
e 3 — YroJ pacceAnHa oTona, f — IAPAIOBOE HHCIO ATOMA, ¢ff ) — HIEMEHT TEACCHOTO Y1,

o= (-"'f." Amzam, * — KIAcCHHECKHIl Pailye H7IeKTPOHa.

htp://ru.wikipedia.org/wiki/%D0%94%D0%BS %D0%BB%D1%8C%D0%B1%D1%... 26.10.2012



Photo and electronuclear processes

e
The differential cross section of Delbriick scattering for v
unpolarized photons is given by [4] ° )
B9 = (Zay 3 {l AP + AT, :
ds '
where rg is the classical electron radius, AT+t and AT~ < Y oy }(
are non-helicity-flip and helicity-flip amplitudes.
3) 4
7. Z

Delbruk scattering, Photon splitting in the nuclear field

[Akhmadaliev, G.Y. Kezerashvili, S.G. Klimenko e.a. Phys.Rev.Lett. 89:061802, 2002.




Virtual photon spectrum
Plane wave Born approximation

ol
[

N (E,= 100M3B,E )

IOE'F
Al — multipolarity, o = 1/137 T
C, - structure function: 7=92 10 g
C,=2(E.-E,)E, for \l=El, :
C;=0 for Al = . [
C,=8/3 [(E.~E)E]J* forf Al=E2, -

[ A

C; depends also on the nuclear size and charge. 0 )
[B.I'.'Henope3zos, 1O.H.Paniwk. ®otoaesienune sjaep 3a i
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Photofission of actinide nuclei with low energy and momentum transfer
Inelastic Compton scattering ?
Inelastic e+e- pair production ?

AOJEPHAA OU3UKA
JOURNAL OF NUCLEAR PHYSICS
T. 55, Bein. 10, 1992

© 1992r. MBAHOB A.H., KEBEPAWIBHIIU I'.A.2,
HEJOPE30B B.I'., CYJIOB A.C., TYPHHTE A.A.2

CUMMETPUYHOE U ACUMMETPUYHOE JIEJIEHUE SIIIEP 238U
U 235U MEYEHBIMU ®OTOHAMMU CPEIOHUX SHEPTUM

HHCTHTYT ALEPHBIX HCCIIEHOBAHHIT PAH

(Hoctynuna é pedaxyuio 31 mapra 1992 2.)

Ha nyukxe TOPMO3HEIX (POTOHOB ¢ IHCpIruei E?‘H = 2 I'aB, MeyeHHLIX B [IMAaIla30He ET =60 +
* 240 MsB, na wakonurene snexktpoos BIII-3 USId CO PAH H3MCpEHA BEPOATHOCTE CHMMETpHY-
Horo (S) u  acuMMelpuuHOro (4) feneHus Anep 22*U u 235U, IokasaHo, 4TO OTHOLICHME
S/A, M3MEPCHHOE BO BCeM TOpPMO3HOM CHEKTpE, COCTABIISIET 32+ )% wm (20 + 1)% mis anep
238w 225 COOTBCTCTBEHHO, 4 yCTpeHEHHOE MO [MAMA30HY 3Hepruif Ey = 60 + 240 M3B pagHo
(43 + 4)% n (44 + 3)% cooTBeTCTBeHHO, 310 O3HAYACT, II0-BUIMMOMY, YTO IIpH CpPe[HHX SHEpPTHsX
(OTOHOB, COOTBETCTBYIOLIMX KBa3HOSHTPOHHOMY MeXaHW3MYy (DOTONOITIONICHUS 1 doTopoxneHHIO
NHOHOB B OBJIACTH A-pe30HaHca, GONMBUMASA YaCThb AOCp OEJIMTCA M3 HH3KOBO3GYXIEHHBIX COCTOS-
HHH, 06pasyoUIMXCst MO CIE MPOXOKICHHUS BHYTpHUANIEPHOTO KacKapa,

235 fission: S/A =0.4 at E =60 — 240 MeV



Coincidence experiment:
Fission fragments + high energy particle in forward direction
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Fig. 4. Probability of the (r,xf) reaction relatively to the total fission

yield (y,f) as function of the tagged photon energy averaged over
238

U and 237Np nuclei. One point ( ) ocorresponds to the Compton
back scattered photons measurements at VEPP-4 [5].



Cross section of the reaction 243Am (e, n) 2*™Am [1].
Points are the experimental result, dotted line - the result of approximation.
The solid curve shows the contribution of the dipole resonance
with estimated errors.
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1. V.L.Kuznetsov, L.E.Lazareva, V.G.Nedorezov e.a. Nucl.Phys. A381 (1982) 1439.



Electrofisson of actinide nuclei
Shape Isomers
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doTOo- 1 anekTpogeneHne saep akTUHUOOB:
CTapble HepeLleHHbIE NPOOeMbI

Bknag npoueccoB ¢ Manoun nepegavyen aHeprum n UMnyrnbca Kak ans
peanbHbIX, TakK N BUPTYyasibHbIX POTOHOB

CnekTp BUPTYyarbHbIX (OTOHOB B UHKITHO3MBHbIX CEYEHUSIX PaCCEAHUS
9MNEeKTPOHOB



EM dissociaton
Multi-photon exchanges

beam Zf "
target
z2
b > by, = R+ R (incident + target) - _ Z°a 1
Virtual photon flux 7°’h* w

Virtual photon spectrum (integratedc over b), Z = Z,
dn(a)) ’a 1

dw T

— f( mm) [XArtru e.a. PL 40B (1972) 43]



EM dissociation

Experiment
. . 0 + U
Photoneutron and photofission reactions - 1 : ,
T N, T
180 (1.7 GeV/n) + e | |
Be, C,AL,Ti, Cu, Sn, W, Pb, U = 1
£ o
_ . "ol (b)
£
[D.E.Greiner, B.L.Berman e.a. g
Phys.Rev. C24 (1981) 4, 1529.] 1
S.M.Polikanov e.a. , preprint GSI t—
(1980). V= ! ; ;

NT <oy, n) (c)

EM - Photofission of 238-U at 1 GeV.

Differential cross section
(mb/MeV)
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Average number of virtual photons in
Au + Au (RHIK) u Pb + Pb (LHC)

Elp.
= +
-1
A 10 5
00 oo A e
afD(LO):%/bdst(b):21r/bdbmA2(b)e“mA2(°), A i sioteudistinion, gt evde e w e
be be 10 20 30 40 50 60 70 80 90 100
b (fm)
b 2
b
oFP(NLO,) = 2 / bdbﬂ%(-le—mz@.
b, b — impact parameter

LO — leading order
|.A.Pschenichnov , EMIN 2006



Multi-fragmentation
Multi-photon exchange?
In contradiction with experiments with real photons

> # i

o = B - i .
.;“‘ '_‘4;.‘_ -)I"'l ’.*

P.Zarubin, EMAX-2009



[Tonck mynbTUparmeHTaumm sgep Ha nyykax
dOTOHOB, 3NEKTPOHOB, MPOTOHOB

Probability of 12C decay

- - Probabiliti

Into a given number of G};‘:f BV

fragments following the Q
0,01

absorption of a 700-1500 -\\

0,008
MeV photon. |

Ga0e -e~Experiment

-B-Simulation
. 0,004
[V.Nedorezov, I.Pshenichnov,
A.Turunge, Nucleus —2013] 0,002
D I , J ! 1
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Relativistic electromagnetic fields produced by femtosecond laser
Mourou G., Tajima T., Bulanov S.V. // Review of Modern Physics. 2006. V.78. P.309-371

Time duration — to 1015 s (femtosecond)

Wave packet length — to 10 um (10 waves)

Pulse energy - to 100 J ( 102° eV), power - to 105 Wt (petawatt).
Focus on radius of 10 pm provides W = 102° Wt/cm?

Electric field strength E = 1012 V/cm

(For comparison: in the hidrogen field E = 10° B/cm., at mica breakdown - 10 B/cm)

At E ~10" V/cm, respectively W ~10'8 Bt/cm? (A =1 um) electron is
accelerated to relativistic velosity being closed to the light one. Therefore
such field is defined as the relativistic one .



Nuclear processes 1nitiated by femtosecond laser

A.B.Andreev, B.M.Gordienko, A.B.Savel'ev. Quantum electromnics 31,11. 2001, 941-956

At present time the electron beams above 1 GeV and proton and ion beams above 50 MeV /n are available
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Laser facility ILC MSU (Lomonosov University)

Reaction chamber

A =800 nm,
t =50 fs,
f=10 Hz,
E =50 mJ,
D=4 pum.

P =10'° Wt/cm?,
respectively E, ~1 MaB.

Target — Pb




New photonuclear methods based on femtosecond lasers
K.A. Ivanovl, S.A. Shulyapov?, A.V. Rusakov?, A.A. Turinge?, A.V. Brantov3, A.B. Savel’evl, R.M. Djilkibaev?,
V.G. Nedorezov?, D.S.Uryupinal, R.V. Volkov?, V.Yu. Bychenkov?3

Detector AE —E :
6 mm plastic scintill

PMT — FE

[leTekTop
[leTekTop

Pb 2 mm

Collimators

Konnmmartopbl

i

MnscTik cu. 2 M

1 TLC MSU,2 INR RAS, 3 FIAN

Cheremkov readings (2012) FIAN, Moscow

Komnpeccop nyydka

BakyymHana
] D10 Mum X Kamepa

E
3 MM e

Pb muwens

5 MM E

P 3 mma, d 4 smam

BakyymHasa kamepa

60 cm

Vacuum chamber
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Experimental results:

AE-E spectra for electrons and gammas with

energy up to 5 MeV
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3aknryeHmne

doT0 1 anekTpogeneHue aaep — aktyanoHada tema ans GSl, KEK, Duke
university (USA) etc.

YTO4YHEHMNE CTapblX AaHHbLIX MO Ce4YEeHNAM, MaCCOBbIM U 3apAO0BbIM

pacnpeneneHnsamM OCKOJIKOB AefneHUs, ana PoUKCMpoBaHHOW SHepPrnm
BO30Y>XOEHUS.

HoBble 3KCnepuMeHTHI :
«  @oToaeneHne aaep n goTto-pparmeHTaumd
« EM agunccoumnaumns,
«  doTosaepHble Npouecchl Nog AencTBnem eMToCcekyHaHOro nasepa?

HoBble My4ykKn Ha OCHOBE O6paTHOFO KomnToHa gatoT HOBble BO3MOXHOCTMU

Monapusaums dOTOHOB — yrioBble pacnpeaeneHns n CnMHoBbIe
XapaKTEePUCTUKM
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