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A very short history of electron scattering

The discovering of the electron
-in 1897, J.J. Thomson discovered "“electrons”, the
corpuscles forming the cathode rays
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A very short history of electron scattering

The discovering of the electron
-in 1897, J.J. Thomson discovered "“electrons”, the
corpuscles forming the cathode rays

At first there were
very few who believed
in the existence of
these bodies smaller
than atoms.

Could anything at first sight
seem more impractical than
a body which is so small that
its mass is an insignificant
fraction of the mass of an
atom of hydrogen?

We have in the cathode rays matter in a new state.
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A very short history of electron scattering

The discovering of the electron

£ 41 Ty
-in 1897, J.J. Thomson discovered “electrons”, the ¢ W

corpuscles forming the cathode rays

The properties of the electron
-charge: —1.609 x 10=*° C

-mass: 9.109 x 1072 kg = 0.511 MeV /c?  these bodies smalte

-spin: ZFi  -magnetic moment: ~
-stable particle: 7> 4.6 x 106 y

-involved in: electroweak interactions
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very few who believed
in the existence of

than atoms.
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Could anything at first sight
seem more impractical than
a body which is so small that
its mass is an insignificant
fraction of the mass of an
atom of hydrogen?

We have in the cathode rays matter in a new state.
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The discovering of the electron ¢3 4‘ i

-in 1897, J.J. Thomson discovered “electrons”, the
corpuscles forming the cathode rays

The properties of the electron
_Charige: _1609 X 10_19 C At first there were

very few who believed
in the existence of

-mass: 9.109 x 1072 kg = 0.511 MeV /c?  these bodies smalte

than atoms.

-spin: /i -magnetic moment: ~ 1up
-stable particle: 7> 4.6 x 106 y
-involved in: electroweak interactions

Could anything at first sight
seem more impractical than
a body which is so small that

-J.J. Thomson won the Nobel prize in 1906  its massis an insignificant

fraction of the mass of an

-"electron”: name coined by 6. Johnstone ~ ®omethvireen”
STO ney | n 1891 We have in the cathode rays matter in a new state.
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A Ver‘y S hO r‘-l- h iSTO r'y Of eleCT r'O n SCGTTer' i ng The Secattering of Fast Electrons by Atomic Nucles.

By N. F. Morr, B.A., St. John’s College, Cambridge.

(Communicated by N. Bohr, For. Mem. R.S.—Received April 25, 1929.)

[ N F M o TT Section 1.—The hypothesis that the electron has a magnetic moment was,
L] °

as is well known, first introduced to account for the duplexity phenomena of
atomic spectra. More recently, however, Dirac has succeeded in accounting
P rlo C R S o C LO n d O n 1 2 4 ( 1 9 2 9) 4 2 5 for these same phenomena by the introduction of a modified wave equation,
¢ ¢ which conforms both to the principle of relativity and to the general trans-
R . . R formation theory. Formally, at least, on the new theory also, the electron
- he used D I r‘ac eq ua‘r | O n po | nT_ I I ke has a magnetic moment of ehjme, but when the electron is in an atom we
Y cannot observe this magnetic moment directly ; we can only observe the
N moment of the whole atom, or, of course, the splitting of the spectral lines,
n u C l eus : MO .l'.l' C r'OSS s eCT I O n which we may say is “ caused ”’ by thi§ moment. The ques‘tion arises; has
the free electron ““ really ” got a magnetic moment, a magnetic moment that
we can by any conceivable experiment observe ? The question is not so simple
o cos 6 /2 ean’ .
as it might seem, because a magnetic moment ¢k /mc can never be observed

OMott — 5 : . . ..
. directly, e.g., with a magnetometer ; there is always an uncertainty in the
2 € s8in” 0/2 e i Y ’

external electromagnetic field, due to the uncertainty in the position and
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A Ver'y S ho r"'- h iSTO r‘y Of ZICCT r'On SCGTTer' i ng The Secattering of Fast Electrons by Atomic Nucles.

By N. F. Morr, B.A., St. John’s College, Cambridge.

(Communicated by N. Bohr, For. Mem. R.S.—Received April 25, 1929.)

[ N F M o TT Section 1.—The hypothesis that the electron has a magnetic moment was,
L] °

as is well known, first introduced to account for the duplexity phenomena of
atomic spectra. More recently, however, Dirac has succeeded in accounting
P r‘o C R S o C LO n d O n 1 2 4 ( 1 9 2 9) 4 2 5 for these same phenomena by the introduction of a modified wave equation,
* * which conforms both to the principle of relativity and to the general trans-
R . . R formation theory. Formally, at least, on the new theory also, the electron
- he used D | r'ac eq ua‘r | O n po l nT_ I I ke has a magnetic moment of ehjme, but when the electron is in an atom we
Y cannot observe this magnetic moment directly ; we can only observe the
. moment of the whole atom, or, of course, the splitting of the spectral lines,
n u C l eus : MO TT C r'OSS S eCT l O n which we may say is “ caused ”’ by thi§ moment. The ques‘tion arises; has
the free electron ““ really ” got a magnetic moment, a magnetic moment that
we can by any conceivable experiment observe ? The question is not so simple
a cos /2 ean’ .
as it might seem, because a magnetic moment ¢k /mc can never be observed

OMott — . . : .
-2 directly, e.g., with a magnetometer ; there is always an uncertainty in the
2 €;sin” 0 /2 s ; 4 Y

external electromagnetic field, due to the uncertainty in the position and

*H.5.W. Massey. Proc. R. Soc London 127 (1930) 666

-maghetic cross section much smaller than charge cross section

Scattering of Fast Electrons and Nuclear Magnetic Moments.

By H. 8. W. Massey, B.A,, M.Sc., Trinity College, Cambridge ; Aitchison
Scholar, University of Melbourne.

(Communicated by R. H. Fowler, F.R.8.—Received March 12, 1930.)

. Scattering of Fast Electrons and Nuclear Magnetic Moments.

Sumnimary.—The problem of the nuclear scattering of fast electrons has been
considered by Mott.* His method consists in using the wave equation of
Diract and applying the usual theory of collisions thereto. The result obtained
is not in good agreement with experiment and it is thus of interest to consider
the possibilities of other effects. In this note the effect of a nuclear magnetic
moment is considered and shown to be negligible. Thus the only explanation
of the disagreement between theory and experiment seems to be the effect of
radiation as suggested by Mott.*
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A Ver‘y S hO r‘-l- h iSTO r'y Of eleCT r'O n SCGTTer' i ng The Secattering of Fast Electrons by Atomic Nucles.

By N. F. Morr, B.A., St. John’s College, Cambridge.

(Communicated by N. Bohr, For. Mem. R.S.—Received April 25, 1929.)

[ N F M o TT Section 1.—The hypothesis that the electron has a magnetic moment was,
L] °

as is well known, first introduced to account for the duplexity phenomena of

atomic spectra. More recently, however, Dirac has succeeded in accounting

P r‘o C R S o C LO n d O n 1 2 4 ( 1 9 2 9) 4 2 5 for these same phenomena by the introduction of a modified wave equation,
* * which conforms both to the principle of relativity and to the general trans-

R . . R formation theory. Formally, at least, on the new theory also, the electron

- he used D I r‘ac eq ua‘r | O n po | nT_ I I ke has a magnetic moment of ehjme, but when the electron is in an atom we
Y cannot observe this magnetic moment directly ; we can only observe the

moment of the whole atom, or, of course, the splitting of the spectral lines,

nu C l eus : MOTT C r.OSS seCT i O n which we may say is “ caused ”’ by this moment. The question arises, has

the free electron ““ really ” got a magnetic moment, a magnetic moment that

9 2 2 we can by any conceivable experiment observe ? The question is not so simple

Q COS it might bec ti ch rer be ob d

OMott = 5 as it might seem, because a magnetic moment ek /mec can never be observe
2 € s8in” 0/2

directly, e.g., with a magnetometer; there is always an uncertainty in the
external electromagnetic field, due to the uncertainty in the position and

*H.5.W. Massey. Proc. R. Soc London 127 (1930) 666

-magnetic cross section much smaller than charge cross section

Scattering of Fast Electrons and Nuclear Magnetic Moments.
By H. 8. W. Massey, B.A,, M.Sc., Trinity College, Cambridge ; Aitchison

Scholar, University of Melbourne.

(Communicated by R. H. Fowler, F.R.8.—Received March 12, 1930.)

. ot of Fot Bosrons ond ol Mognatic Movents, =more energetic electrons are needed to

Sunwmary.—The problem of the nuclear scattering of fast electrons has been

considered by Mott.* His method consists in using the wave equation of p rlo be "‘ he nu C l ear‘ i n“‘er‘ i O ri :

Diract and applying the usual theory of collisions thereto. The result obtained
is not in good agreement with experiment and it is thus of interest to consider

the possibilities of other effects. In this note the effect of a nuclear magnetic e eC'l' r‘o n Wave I e ngT h ~ nu C I ea r‘ S i Ze

moment. is considered and shown to be negligible. Thus the only explanation
of the disagreement between theory and experiment seems to be the effect of

=lack of experimental electron facilities:
ectron scatteringl! hadron scatteringtt
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A Ve r'y S hO r'-l- h iSTO r'y Of eleCTr'O n SCGTTer' i ng The Secattering of Fast Electrons by Atomic Nucles.

By N. F. Morr, B.A., St. John’s College, Cambridge.

U

-De Broglie wavelength:

Ap M 1

. m, 2000

(for the same velocity)

‘H.

-md

Scat
By H. 8

smaller wavelengths can be achieved with
relatively low energies in case of hadrons

(Communicated by R. H. Fowler, F.R.8.—Received March 12, 1930.)

 Sosteriogof Fot Bostrons o ol Mognatic Movents =more energetic electrons are needed to

Sunwmary.—The problem of the nuclear scattering of fast electrons has been

considered by Mott.* His method consists in using the wave equation of prlo be The nUC|ear‘ in"'er‘ior‘:

Diract and applying the usual theory of collisions thereto. The result obtained
is not in good agreement with experiment and it is thus of interest to consider

the possibilities of other effects. In this note the effect of a nuclear magnetic e ec.l- r'o n Wave I e ngT h ~ n u C l ea r‘ s i ze

moment is considered and shown to be negligible. Thus the only explanation
of the disagreement between theory and experiment seems to be the effect of

=lack of experimental electron facilities:
ectron scatteringl! hadron scatteringtt
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A very short history of electron scattering

E. Guth. Uber die Wechselwirkung zwischen schnellen Elektronen

und Atomkernen. Anz. Akad. Wiss. Wien, Math.-Naturwiss. Kl. 71
(1934) 299

-use of electron scattering to investigate nuclear structure.

-Dirac theory + PWBA: Fourier transform of the nuclear electrostatic

potential — to measure nuclear sizes!!
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A very short history of electron scattering

*E. Guth. Uber die Wechselwirkung zwischen schnellen Elektronen

und Atomkernen. Anz. Akad. Wiss. Wien, Math.-Naturwiss. Kl. 71
(1934) 299

-use of electron scattering to investigate nuclear structure.

-Dirac theory + PWBA: Fourier transform of the nuclear electrostatic

potential — to measure nuclear sizesl!

*E.M. Lyman, A.O. Hanson, M.B. Scott.

PHYSICAL REVIEW VOLUME 84, NUMBER 4 NOVEMBER 15, 1951

Scattering of 15.7-Mev Electrons by Nuclei*

E. M. Lymax, A, O. Hawnson, axo M, B. Scorrt
Department of Physics, University of Ilinois, Urbana, Illinois

e iy 5 0 -first experiment confirming

Electrons removed from the 20-Mev betatron are focused to a 0.08-inch spot about 10 feet from the
betatron by a magnetic lens. The electrons impinge on thin foils at the center of a highly evacuated scatter- . :
ing chamber having a diameter of 20 inches. Elastically scattered electrons, selected by a 1 inchX2 inch U T p rediCc 1' Ions
aperture, are focused by means of a 73° magnetic analyzer with 3 percent energy resolution and are de- ¢
tected by coincidence Geiger counters, Corrections are applied for multiple scattering and for energy losses
which remove the electrons from the range of encrgies accepted by the detector arrangement. The scattering
cross section for gold at 1507 ks found to be about 2.6 times that given by Mott’s formula in the Born ap-
proximation and about one-half of that expected for the scattering by a point nucleus. This result is in good
agreement with the calculations for electrons of this energy if the nuclear charge is assumed to be distributed
uniformly throughout the nuclear volume,
The results for the scattering from C, Al, Cu, and Ag are also in agreement with the assumption of a uni-
formly distributed nuclear charge within the uncertainties involved in the theory and the experimental
results,
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A very short history of electron scattering

Lyman, Hanson & Scott experiment

22 MEV BETATRON — SCATTERING CHAMBER
TO PUMP AN
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WALL VACUUM GATE
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WALL ANALYZER AND
DETECTOR
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A very short history of electron scattering

Lyman, Hanson & Scott experiment
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deviations with respect to
Mott cross sections
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A very short history of electron scattering

Lyman, Hanson & Scott experiment - -
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A very short history of electron scattering

*R. Hofstadter and collaborators. [Rev. Mod. Phys. 28 (1956) 214]
-Stanford electron accelerator
-elastic electron scattering from nuclear charge

] | | |
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Ny Hofstadter:
Nobel Prize in 1961

DIFFERENTIAL CROSS SECTION - ARBITRARY UNITS
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A very short history of electron scattering

Magnetic electron scattering: very small cross sections!!

*M.N. Rosenbluth.
P h R 79 (19 50) 6 15 High Energy Elastic Scattering of Electrons on Protons
ys S ev' M. N. RosensLUTH
Stanford University, Stanford, Colifornis
-derived electron-proton cross section . N
The theory of the elastic scattening of electrons on protons at very high energies is discussed in detail.
R R \ fomu;lahis gn;'lc:;l Io;'u ’l‘hc cr’:!ss soctioc‘ii;l"l'{':xisl iorm:{la lcontain{: ccﬁa'in‘paxamt-:leatwgﬁch tt::zpom-.l on,‘thc
taking into account charge and normal s e e e i et

{Received March 28, 1950)
worthy, and the results depend on the choice of coupling constants, it is felt that qualitative features can be
checked with experiment. It is concluded that at low relativistic energies (E<50 Mev) the experiment

provides a valuable check on quantum electrodynamics, At higher energies it should yield data on the

and anomalous magnetic moments prerkies o wokable chck oo o
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A very short history of electron scattering

Magnetic electron scattering: very small cross sections!!

*M.N. Rosenbluth.
Phys. Rev. 79 (1950) 615

High Energy Elastic Scattering of Electrons on Protons

M. N. RogeNpLUTH
Stanford University, Stanford, Colifornis

-derived electron-proton cross section e 0

The theory of the elastic scattenng of electrons on protons at very high energies is discussed in detail.
A formula is given for the cross section. This formula contains certain parameters which depend on the

. (] a of p i ” ; 1
taking into account charge and normal s e e R Al e

and anomalous magnetic moments

worthy, and the results depend on the choice of coupling constants, it is felt that qualitative features can be
checked with experiment. It is concluded that at low relativistic energies (E<50 Mev) the experiment
provides a valuable check on quantum electrodynamics, At higher energies it should yield data on the
nature of the meson cloud of the proton.

R HOfSTGdTer and R W MCA”'STer' Electron Scattering from the Proton™{]

Phys. Rev. 98 (1955) 217

-deviations with respect to the
Mott cross section:

due to proton magnetic moment

-rms proton radius:
(7.442.4)-10"* cm

CROSS SECTION IN CM/STERAD

Ronxrr Horstanrer aND Romexr W. MCALUSTER
Department of Pleysics and Higk-Energy Physics Laboratory,
Stanford Unisersity, Stanford, California
{Received January 24, 1955)

1 | T
ELECTRON SCATTERING
FROM MYDROGEN
168 MEV(LAB)

ITH apparatus previously described,!* we have

studied the elastic scattering of electrons of
energies 100, 188, and 236 Mev from protons initially
at rest. AL 100 Mev and 188 Mev, the angular distn-
butions of scattered electrons have been examined in
the ranges 60°-138° and 35°-138°, respectively, in the
laboratory frame. At 236 Mev, because of an inability
of the analyzing magnet to bend electrons of energies
larger than 192 Mev, we have studied the angular
distribution between 90° and 138° in the laboratory
frame. In all cases a gaseous hydrogen target was used,
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A very short history of electron scattering

INNER-SHELL PROTON BINDING ENERGIES IN C** AND Al*” FROM THE (e, ¢'t)REACTION
USING 550-MeV ELECTRONS*T

U. Amaldi, Jr., G. Campos Venuti, G, Cortellessa, C, Fronterotta, A, Reale, and P, Salvadori
Physics Laboratory, Istituto Superiore di Sanitd, Rome, Italy

.U. Amaldi. .jmd t
Phys. RZV LeTT. 13 (1964) 341 Labomon::z?cfﬂiug'ﬂ;ﬁi"l‘;};ﬁme. ftaly
-first coincidence experiment: the scattered electron is observed in

coincidence wu’rh o’rher par’rlcles emitted after the collision

———————
: 12
arme 1) C
. RAYL

£ = 406 Mav

T= 110 Mev

]

vo:éosaouo ssosso 570 saossoW:Iu‘w‘l
V02030 & %0 60 " GIDRC ENERGY  (MeV)

25 T A A T - T Y 14 {

27

COUNTING F‘ \ Al

RATE [ "
1.0
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A very short history of electron scattering

INNER-SHELL PROTON BINDING ENERGIES IN C** AND Al*” FROM THE (e, ¢'#)REACTION
USING 550-MeV ELECTRONS*T

U. Amaldi, Jr., G. Campos Venuti, G, Cortellessa, C, Fronterotta, A, Reale, and P, Salvadori

. Physics Laboratory, Istituto Superiore di Sanitd, Rome, Italy
U. Amald
: aiatl. and

P. Hillman?

Phys. Rev. Lett. 13 (1964) 341 Eaborsort Nasiooi h Fesons, Rome, iy

(Received 3 August 1964)

-first coincidence experiment: the scattered electm®n is observed in
comcndence wu’rh o’rher par’rlcles emitted after the cqllision

L SR SR S S S—

12

COWYW 74
RATL c

£ = 406 Mav j
T= 110 Mev |
v
-

{
' }L*i\

'V’ s =, .--"I‘ —
’ -~ r - 4
\ - -

“éosiosa‘oss;)ssos;osaosso(wzw?ﬂ
62030 & S0 €0 BNDRIC ENERGY (MeV)

TR P T T —

performed in the
synchrotron facility
at Frascati
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A very short history of electron scattering

Meson exchange currents
*H. Collard et al. Phys. Rev. 138 (1965) B57

Elastic Electron Scattering from Tritium and Helium-3*

H. Corrarp, R. Horsraprer, E. B. HucHEs, A. JoHaNssoN,t AND M. R. YEARIAN
Department of Phlysics and High-Energy Physics Laboratory, Stanford University,
Stanford, California

AND

R. B. Day anp R. T. WaGNER]
Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico
(Received 23 November 1964)

*R.E. Rand et al.
Phys. Rev. Lett. 18 (1967) 469

ELECTRON SCATTERING FROM THE DEUTERON AT &+ 180°*

R. E. Rand,? R, F. Frosch, C. E. Littig, and M. R. Yearian
High Energy Physics Laboratory and Department of Physics, Stanford University, Stanford, Californis
(Received 21 November 1966)
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A very short history of electron scattering

N

Meson exchange currents
*H. Collard et al. Phys. Rev. 138 (1965) B57

Elastic Electron Scattering from Tritium and Helium-3*
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H. Corrarp, R. Horsraprer, E. B. HucHEs, A. JoHaNssoN,t AND M. R. YEARIAN
Department of Phlysics and High-Energy Physics Laboratory, Stanford University,
Stanford, California

AND

R. B. Day anp R. T. WaGNER]
Los Alamos Scientific Laboratory, University of California, Los Alamos, New Mexico
(Received 23 November 1964)
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A very short history of electron scattering

Facilities

-SLAC, Stanford (USA)

-Frascati (Italy)

-NIKHEF, Amsterdam (Netherlands)
-Bates, MIT (USA)

-MAMI, Mainz (Germany)

-Senadi (Japan)

-DESY, Hamburg (Germany)
-DALINAC, Darmstadt (Germany)

-Saclay (France)
-TINL, Newport News (USA)
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A very short history of electron scattering

Facilities

-SLAC, Stanford (USA)

-Frascati (Italy)

-NIKHEF, Amsterdam (Netherlands)
-Bates, MIT (USA)

-MAMI, Mainz (Germany)

-Senadi (Japan)

-DESY, Hamburg (Germany)
-DALINAC, Darmstadt (Germany)

-Saclay (France)
-TINL, Newport News (USA)

Future facilities: exotic nucleill
-SCRIT, Sendai (Japan)
-Elise@FAIR, Darmstadt (Germany)
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A very short hiSTOPy of electron s .P'I'.E.P Prog. Theor. Exp. Phys. 2012, 03C008 (11 pages)

DOI: 10.1093 /ptep/pts043

FGCi I ities Nuclear physics at the SCRIT electron scattering
-SLAC, Stanford (USA) tactlity

Toshimi Suda'-*, Tatsuya Adachi!, Tatsuya Amagai', Akitomo Enokizono?,

= F ras CaTi (ITG IY) Masahiro Hara®, Toshitada Hori®, Shin’ichi Ichikawa®, Kazuyoshi Kurita?,

Takaya Miyamoto!, Ryo OgawaraZ, Tetsuya Ohnishi®, Yuuto ShimakuraZ,

- NI KH E F , A m ST er d am (N e.‘. h er "Iléc)l;akk; z:nmaage;‘l, Mamoru TogasakiZ, Masanori Wakasugi®, Shuo Wang', and

I Research Center for Electron Photon Science, Tohoku University, 1-2-1 Mikamine, Sendai 982-0826
- BGT es , MI T (U S A ) ’Department of Physics, Rikkyo University, Nishiikebukuro, Toshima, Tokyo 171-8501
*Nishina Center for Accelerator-Based Science, RIKEN, 2-1 Hirosawa, Wako, Saitama 351-0198
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Confining RI Target (SCRIT) technique makes this challenging research possible. A series of
test experiments using stable nuclei performed at this partially completed facility show that the
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required for an elastic electron scattering measurement to determine the charge density distribu-
tion of the target nucleus. The first electron scattering for unstable Sn isotopes will take place in

’SGCIGY (Fr'ClnCZ) the year 2014.
-TINL, Newport News (USA)

Future facilities: exotic nucleill
-SCRIT, Sendai (Japan)
-Elise@FAIR, Darmstadt (Germany)
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General properties of electron scattering

Why to use electron scattering?

electron-nucleus scattering is an excellent tool for studying the
structure of the nuclei and their electromagnetic properties.

Reason #1: electrons and nuclei interact via the electromagnetic force

*coupling constant: oo = 1/137.04

*much smaller than the intensity of the strong interaction that
governs most of the nuclear properties

~experiments do not greatly disturb the target nucleus structure
*advantage respect to hadron-nucleus scattering (difficulties in
separating reaction mechanisms and nuclear structure)
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General properties of electron scattering

Why to use electron scattering?

electron-nucleus scattering is an excellent tool for studying the
structure of the nuclei and their electromagnetic properties.

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction
* quantum electrodynamics describes the interaction in an almost
“exact” manner

*quantitative information about nuclear properties can be
extracted
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General properties of electron scattering

Why to use electron scattering?

electron-nucleus scattering is an excellent tool for studying the
structure of the nuclei and their electromagnetic properties.

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction

but: electroweak interactions share these two characteristics!
what about neutrino-nucleus and photon-nucleus scattering?
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General properties of electron scattering

Why to use electron scattering?

electron-nucleus scattering is an excellent tool for studying the
structure of the nuclei and their electromagnetic properties.

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction

but: electroweak interactions share these two characteristics!
what about neutrino-nucleus and photon-nucleus scattering?

Reason #3: neutrino-nucleus coupling constant much smaller than «

* cross sections several order of magnitude smaller than for
electron-nucleus scattering
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Why to use electron scattering?

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction

Reason #3: neutrino-nucleus coupling constant much smaller than «
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General properties of electron scattering

Why to use electron scattering?

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction

Reason #3: neutrino-nucleus coupling constant much smaller than «

Reason #4. electron-nucleus interactions mediated by virtual photons

*in "real” photon scattering the momentum transferred to the
nucleus in unequivocally determined: qﬁ =w’—q° =0

*in electron scattering, the four-momentum must be space-like,
that is: ¢, = w’ —q” <0

one can vary the momentum transferred to the nucleus for a
fixed energy w: we can study the behavior of the nucleus with the
momentum q
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momentum q
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General properties of electron scattering

Why to use electron scattering?

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction

Reason #3: neutrino-nucleus coupling constant much smaller than «

Reason #4: electron-nucleus interactions mediated by virtual photons
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General properties of electron scattering

Why to use electron scattering?

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction

Reason #3: neutrino-nucleus coupling constant much smaller than «

Reason #4: electron-nucleus interactions mediated by virtual photons

Consequences:
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General properties of electron scattering

Why to use electron scattering?

Reason #1: electrons and nuclei interact via the electromagnetic force

Reason #2: very good knowledge of the electromagnetic interaction

Reason #3: neutrino-nucleus coupling constant much smaller than o

Reason #4. electron-nucleus interactions mediated by virtual photons

Consequences:

-as « is small, lowest order processes (one photon exchange) are enough to
obtain accurate results of easy interpretation
-excitation energy and momentum ftransfer can be varied independently and
ohe can obtain:
‘nuclear excitation profiles, observing not only the electric dipole
transition (dominating at low momentum transfer) but also higher
multipolarities (that appear at higher momenta)
*Fourier transforms of charge and current nuclear densities
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A rough description of an experiment

experimental facilities for electron scattering:

-an electron accelerator

-a system to transport the beam to the to the target

-a setup to detect and analyze
the products
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A rough description of an experiment

experimental facil mes for elecfron scaﬁermg_ Saranford

-an electron accelerator o7

-a system to transport the beam to the to the target

-a setup to detect and analyze
the products

Electron scattering - Scuola Raimondo Anni- Otranto 2013



A rough description of an experiment

-an electron accelerator &

-a setup to detect and analyze
the products

experimental facil mes for elecfron scaﬁermg_ Stanford

-a system to transport the beam to the to the target
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A rough description of an experiment

experimental faci In‘les for elecTron scaﬁer'mg_
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Stanford
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A rough description of an experiment
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positive for nuclear

A rough description of an experiment
structure investigations

Some previous considerations:

-weakness of the electromagnetic interaction:

small cross sections - a smaller than hadronic ones!!!
use of thick targets: this complicates data interpretation
*increase the detection solid angle: complicates experimental setup
*maximum beam intensity on the target: target could melt
‘improve the detection system (with respect fo hadronic case)

*need of much more beam time for measurements

Electron scattering - Scuola Raimondo Anni- Otranto 2013



positive for nuclear

A rough description of an experiment
structure investigations

Some previous considerations:
-weakness of the electromagnetic interaction:
small cross sections - o smaller than hadronic ones!!

use of thick targets: this complicates data interpretation
*increase the detection solid angle: complicates experimental setup
*maximum beam intensity on the target: tfarget could melt
*improve the detection system (with respect to hadronic case)

*need of much more beam time for measurements

-electron energy and relative energy resolution: related to the nuclear

structure details to be investigated
‘nuclear wave functions details (~ a few fm) require to transfer to

the nucleus a momentum ~ a few fm™ and energies of ~ 10% - 10° MeV

are needed
‘nuclear level separation (~ a few tenths of keV) requires a relative

energy resolution of 10% or better
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A rough description of an experiment

Accelerators
*Van de Graaff

-energies ~ 10 MeV
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Accelerators
*Van de Graaff

-energies ~ 10 MeV

Reason #5:
electrons are charged particles (photons and neutrinos are not)




A rough description of an experiment

Electron Orbit

Accelerators ,,
-betatron N Filament

- Injector

Deflector
Target

(1) magnet poles, (2) cross section
of annular vacuum chamber, (3) DothnUt
central core, (4) electromagnet Tube
windings, (5) magnet yoke

-uses a varying magnetic field

-electrons are fed into a doughnut-shaped ring placed between the
poles of an alternating-current electromagnet and follow a circular
trajectory of fixed radius

-the variation of the magnetic field makes the electron energy to
increase by a few hundred eV in each turn

-maximum energies: ~ 300 MeV
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A rough description of an experiment

Accelerators
*synchrotron

-consists of a tube in the shape of a large ring through which the
particles travel

-the tube is surrounded by magnets to maintain particle trajectory

-particles are accelerated at one or more points on the ring each time
they complete a circle around the accelerator

-particles are kept in a rigid orbit by increasing the magnetic fields as
particles gain energy

-energies up to ~ 1 GeV
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A rough description of an experiment

Accelerators

*synchrotron

experimental
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A rough description of an experiment

Accelerators
linear accelerator
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A rough description of an experiment original design

Accelerators
linear accelerator




A rough description of an experiment original design

Accelerators
linear accelerator

ACCELERATING N
CAVITY ./ ’

\’/
COUPLING
CAVITY

Electron scattering - Scuola Raimondo Anni- Otranto 2013



A rough description of an experiment original design

Accelerators .
. ~ eV energies g_e b@ )
*linear accelerator |

ACCELERATING N
CAVITY ./ ’

\’/
COUPLING
CAVITY
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment
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A rough description of an experiment

Targets

*solid, liquid or gas:
depending on the characteristics of the isotopes to be investigated

*target thickness:
imposed by energy resolution desired (energy straggling: 0.4 keV/mg cm?)
and required to obtain cross section data

*thickness for the area covered by the beam: obtained with an accuracy <1%
-relative density profile (measured in beta or gamma absorption experiments)
+ average area density (calculated from the weight and area of the target)

‘removal of the heat deposited in the target by the beam:
-essential in experiments with small cross sections
-circulate pressurized H: gas

Electron scattering - Scuola Raimondo Anni- Otranto 2013



A rough description of an experiment

Spectrometers
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A rough description of an experiment

Spectrometers

-determine the momenta of the
scattered particles
-intrinsic resolution:

AE/E ~ 10* or better

-electron energy: determined from
the applied field, the radius of the
trajectory of the detected particle and
Its momentum
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A rough description of an experimens

Spectrometers

-determine the momenta of the
scattered particles
-intrinsic resolution:

AE/E ~ 10* or better

-electron energy: determined from
the applied field, the radius of the
trajectory of the detected particle and
Its momentum
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A rough description of an experimens

Spectrometers

-determine the momenta of the
scattered particles
-intrinsic resolution:

AE/E ~ 10* or better

-electron energy: determined from
the applied field, the radius of the
trajectory of the detected particle and
Its momentum

-most important factor in
spectrometer design:

energy resolution

-depends upon matching between energy
dispersion at the end of the beam
transport system and the energy
dispersion admittance of the
spectrometer

NIKHEF
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A rough description of an experimens

Spectrometers

NIKHEF

-determine the momenta of the
scattered particles
-intrinsic resolution:

AE/E ~ 10* or better

= i |
-electron energy. determined from B S //VE,;\,,ME,—,,—,,—,,—%W
the applied field, the radius of the
trajectory of the detected particle and

its momentum -situated in the focal planes

Detectors

-most important factor in -determine the particle type, its
spectrometer design: trajectory (proportional mutiwire

energy resolution chambers), ...
-depends upon matching between energy
dispersion at the end of the beam
transport system and the energy

disperSion admittance of the *measure 1H or IZC Cross Sec-rlons
SPGCTI‘OI’T\CTCI‘ Electron scattering - Scuola Raimondo Anni- Otranto 2013

-efficiency: fundamental to obtain
cross sections
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Types of experiments

%e‘rec’ror

'

kzz{gzrkz)

q=(v.q)

Py=(Ey, Ky}
PA=(EA; KA)

inclusive experiment
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A rough description of an experiment

Types of experiments

-smaller cross sections

detector

XX
ky={€2.K;)

q={v,q)

Py=(Ey,Ky)
PA={EA; KA)

inclusive experiment

-smaller total efficiency -
%de‘rec’ror -higher beam intensity

k2={82,k2) Y, P, 1, T, &, PP, DI, N1, . ..

g=(v.a) / \deTec’ror'

=
Py=(Ex, Ky}
PA=(EA: KA)

exclusive experiment
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A rough description of an experiment |
-smaller cross sections

Types of experiments - -smaller total efficiency
\ etector -higher beam intensity

'%dCTZCTOI" k,={€,.K;) Y,p,n, T, &, PP, PN, NN, . . .
k2={€2:k2) = q=(V,CI) /

q={v,q)

\ detector

/I

Py=(Ex, Ky}

Pa=(E4Ky) g =
Px=(Ex Kl exclusive experiment =

PA={EA; KA)

inclusive experiment

-accidental coincidences:
pulsed vs. CW beams

5 | e s ke Fenr BTy --h! byl 68 Bl B o TE
Opjtbsigt R = il +.~lz-g:§[,1ltt.
‘ 1 : b 1 = | - _:
6 o 4 o 2
w (.\,‘.e\v" :'
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A rough description of an experiment

Cagota
v

[0’
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x ; '
; o .
| | . | :
- .;'.:. g 1(1e Ty '
n? Glyn)nt :0 . R TR LA LT s
Mev, 2% ¢ (vplelld o ‘ Jlvade?é 50 i o
_ . y _— .LA’

Radiative tail: must be eliminated
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A rough description of an experiment

Cag0ta
v

Distortion of the electron
wave functions

"

‘Pl"OVOked by the Coulomb L A 3 ateds @ o ol o e,
interaction e-nucleus Radiative tail: must be eliminated

-experimental data are
corrected to be compared to

PWBA calculations that are
simpler (change ¢ scale for
light nuclei)

-DWBA required in case of

heGV nUC|e| Electron scattering - Scuola Raimondo Anni- Otranto 2013




