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4 September 1979: The day | nearly met Bruno

b. W%/?” -

Some Remarks on Slow Processes
of Transformation of Elementary Particles

L. OKUN’ AND B. PONTECOR VO
Joint institute for Nuclear Research
(Submitted to JETP editor March 26, 1957)

J. Exptl, Theoret. Physics (U.S.S.R.) 32, 1587-1588
(June, 1957)

AS IS KNOWN, there are two types of slow
processes:

(a) lepton:

n—etvtp, p—etv+y, R+p—n+v, T—-u+ty,
Kep+v, K~+ptvtrm Ksetvtr,

(b) non-lepton:

K—2x, K— 3=,

A

The constants of the interactions res
these processes in units of 7 =
is the 7-meson mass) are of the

nitude as G* = 107" - 107",
same mechanism (for examp!
interaction’) may lie at the ba
processes. This idea is sup;

*Non-conservation of panty in

although it has not yet been prove
almost inescapably follows from t

non-conservation in the decay o




Pontecorvo:ldeas for experiments
giving rise to Nobel prizes

Two types of neutrinos; accelerator expt to prove it
Nobel 1988

Inverse beta decay at reactors
Nobel 1995

radiochemical methods for neutrino detection
Chlorine experiment , Nobel 2002

Oscillations
Nobel 2002



Pontecorvo:ldeas for experiments
giving rise to Nobel prizes

Two types of neutrinos; accelerator expt to prove it Not known in west
Couldn’t do in ussr
Nobel 1988 did BP expect positive?

Inverse beta decay at reactors Reactors = antineutrinos

Nobel 1995 Chlorine fails
Forbidden access reactor in ussr

radiochemical methods for neutrino detection
Chlorine experiment , Nobel 2002

BP died 24.9.93

Oscillations Otherwise would surely have shared
Nobel 2002 Nobel 2002




Pontecorvo 1951-1953:
Associated Production and Strangeness

Associated Production of strange Particles Pre Pais but classified

Concept of strangeness What did BP do?

radiochemical methods for neutrino detection
Chlorine experiment , Nobel 2002

BP died 24.9.93
Oscillations Otherwise would surely have shared
Nobel 2002 Nobel 2002




Bruno Pontecorvo: Discovered in Archives

First half life: Paris to Chalk River
Solar Neutrinos 45 (1) and 46
Harwell

Second Half Life: Strange Particles 1951-3
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Marianne meets Bruno 12 Nov 1936
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| Ball at Cite Universitaire with
" Bruno Pontecorvo Great
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Marianne+Gil in Sweden Sept38-August 39.
Bruno refused visit (June 39) by Swedes
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FRAGEFORMULAR

att ifyllas av personer, som &nska resa till Sverige.

Questionnaire

a remplir par les personnes qui dé
sirent se rendre en Suéde.

der von Personen, die nach Schweden
zu reisen wiinschen, auszufiillen ist.

Fragebogen Form

to be filled in by persons, desirous
of proceeding to Sweden.

Fraga:
Question:
Frage:
Question:

1. Fullstindigt for och tillnamn?
Nom et prénoms complets?
Vollstindiger Vor- und Zuname?
Christian: and surname in full?

2. Yike (titel)?
Profession (Qualité)?
Beruf (Titel)?
Profession (title)?

3. Fodelsedatum?
Jour et année de naissance?
Geboren am?
Date of birth?

4. Fodelseort?
Lieu de naissance?
Geburtsort?
Place of birth?

5. Hemort?
Lieu d'origine?

Wohnort?
Domicile ?

6. Nationalitet (om forindring av nationalitet sgt rum, skall |
detta angivas)?
Nationalité (indiquer 11 tout ch de
nationalité qui a pu avoir liew)?
Nationalitit (hat eine Nationalititsverinderung statts

gefunden, soll diese angegeben werden)?

Nationality (if nationality has been changed, this must
be stated)?

7. Trosbekinnelse?
Confession?
Konfession ?
Religion?

8. Vilken myndighet har utfirdat Edert pass, dess nummer
och datum?

Quelle autorité a délivré votre passeport; sous quel
numéro et 3 quelle date?

Welche Rehiirde hat Thonn Pass ausgestellt? Nummer

d your passport; number and

kpire le

irt expires the

i Sverige ricka?

vous séjourner en Suéde?

n Schweden zu weilen?
to sojourn in Sweden?

w A 1943
Pt (Thdoc)
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Fraga: Question: Frage: Question:

11. Vad ir anledningen till resan?
Quel est le but du voyage?-
Zweck der Reise nach Schweden?
What is the object of your journey to Sweden?

12. P4 vilka ofter i Sverige imnar Ni uppehalla Eder (vid

12

Svar: Réponse: Aniwort: Answer:
. Stk dad. siis oF tn toione Y‘w\.ra
AT wn kedoafine .u,.f(»rv(“;,
Worbolrn -

resa genom Sverige uppgi de g , som skol.
passeras)?

A quels endroits en Suéde comptezevous vous arréte
(En traversant la Sudde, indiquez les stations de fron

titre par lesquelles vous vous' proposez de passer)?

Angabe der Orte in Schweden, die besucht werden sollery

A Al F pok-Fan oo
Fovtndarok o S d.‘wl oy

(Bei Durchreise durch Schweden Angabe der Grenzs
stationen)?

Where in Sweden do you intend to sojourn (if only
travelling through Sweden, kindly state frontier stations
of arrival and departure)?

15, Till vilka firmor eller personer i Sverige kan Ni referera?
Quelles mai 11 p di

en Suéde comme références?

Welche Firmen oder Personen konnen Sie in Schweden
als Referenzen angeben?

To which firms and persons in Sweden can you refer?

14. Har Ni tidigare haft affirsforbindelser i Sverige och i
s fall under vilken tid?
Avezzvous ‘eu précédemment des relations d'affaires en
Sudde et dans ce cas a quelle epcque°
Haben Sie frither Geschif i in Schwed
gehabt und wenn so, wihrend welcher Zeit?

Have you previously had any business connections in
Sweden; if so, when?

15. Nir antrides resan?
Quel est le jour du départ?

Wann wird die Reise stattfinden?
When do you intend to proceed to Sweden?
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Marlanne returns France 7 Aug 39; visa unt|I 2 Aug 40;
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Wedding announcement for January 1940

HANS E GERDA NORDBLOM
ANNUNZIANO IL MATRIMONIO
DELILA LORO FIGLIA MARIANNE
COL SIGNOR

BRUNO PONTECORVO

SANDVIKEN (SVEZIA)

MASSIMO PONTECORYO

PONTECORYO MARONI

NO IL MATRIMONIO

FIGLIO BRUNO CON LA

MARIANNE NORDBLOM

10/ GENNAIO 1940
PARIS
HOTEL DES GEANDS HOMMES

(PLACE DU PANTHIEON)

-
: ) 2
e
v IRV
NI
Jx
-

PISA




REPUBLIQUEIFRANCAISE

SAUF-CONDUIT

valable pour un seul déplacement

Aller et aeboatr 3 /[ LULOLAL

(Biffer retour, §’il y a lieu.)
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Le titulaire du présent titre est
département ..
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But Nazi invasion

June 1940....

Sudden flight

| toUSAvia
Toulouse
Spain
Portugal

/
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Le Capitaine, JOUFFRE, Commandast
ta 1o Sect¥on do-Gendarmert PARTY

Marianne+Gil
train to Toulouse

Bruno + Gillo... by bike
On day of Nazi invasion !
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1940-42: Oil prospecting in Oklahoma. Neutron detector for minerals

1942: Lack of radioactive sources; talks Fermi + Auger, Halban...

1943: Montreal..Chalk River. Anglo-Canadian
Heavy water Nuclear Reactor + Uranium prospecting

1945: Chalk River.
How to detect neutrino using cleaning fluid
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Lauu HARWELL |

AERE LIBRARY, MHARWELL
!
Thix Publicatian is the preperty |
of the Library and shold be :
returned as soon a8 possible.

BP: On a method for detecting neutrinos

Not the 1946 famous paper

This is the 1945 original

Classified secret until 1964 !!!




There is no mention in the paper
of solar neutrinos

BP thanks “Dr Pryce”

and adds a Note as postscript
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Chalk River: 1946- 48

Muon identified as heavy electron with flavour

Muon decays to three particles (indirect neutrino).... J Steinberger

Universal weak interaction

Universal Weak Interaction.

Traditionally cited:
G Puppi Nuovo Cimento 5 587 1948
Tiomno J,Wheeler J.A Rev Mod Phys 21 144,

1948
Lee T.D ,Rosenbluth M,Yang C.N. Phys Rev 75

905 1949

BP’s first proposal of Universality
not recognized.

See: J. Steinberger .Personal debt to

Bruno Pontecorvo
Selected works of Bruno Pontecorvo pg 455




1946-48 Chalk River NRX design; consultant to Harwell

1949: moves to Harwell .
Nuclear reactor design, beta decay and Cosmic Rays

LR ticleg
Tel. : ABINGDON 620 e ATOMIC ENERGY RESEARCH
(75‘, %) ESTABLISHMENT,
\ HARWELL,
& DIDCOT,
¢ ///.//,/ ,,,,,
""" 3 BERKS,
Proposed by Reply by e P
16th July 1948 on Irncory of Elecnme:
ce
SSPHE KING”
R. L Severs, Lid ngen #ber die Quant
lenfelder von Stand
VISCOUNT PORTAL OF HUNGERFORD, The Directar and members of the 2 A
KG, GCB; OM: B0 MC

Harwell Pile start take this oppartunity of

expressing their warnm regards and are sarry

.S,
that you cannot be with them at the Celebration,
“THE PILE”
especially in view of the assistance you gave
SIR JOHN COCKCROFT, Mr. C. HINTON city The ory of
C.BE, FRS. in the design of the Pile. dynanies,
= 4 "Rcgularisation ®
= = Dr B. Pontecarvo, of Cosmie Rays.
OUR GUES L National Research Council,
Chalk R iver,
Dr. E. BRETSCHER Prof. M. H. L. PRYCE ontargo,
CANADA.

GOD SAVE THE KING



Harwell/Abingdon 1949. Not Gil Pontecorvo




Tony Gardner




Tony Gardner 2013:

“I remember Bruno
riding his bicycle up the street
... backwards”
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1950-55 Bruno Pontecorvo work classified (again!)

Discovery of Associated Production and Strangeness

————— A —————— -

From Dubna Report 1953

——————————— -

M. SSALLOUR.CLBIR | ¥
EekoTopHe saMeyandd TeHOMeHONO
ryeCROro XapaKrera O mnpoleccax !
o0r830PaHMa TARENEX Me30HOR U
Vv =YacTuil,

Tewa 19: Vccrenopanile nsamsogeflcTBN @ GHCTIHX _

1) E.lfoaTreropBo, I'.CexmBanor, B.KyKOR. BaDAEEHHHX Ji ~YacTHL ¢ NPOTOHAMA I NefwpoHawm
Teanea Kk oKy any: "OOP%OB&% 1°=Me30HOB C MOLOUBD CIMHTMIIAUNOLHEX CUeTUNKOB.
n-n W p=p CTOTKHOBeHIAX".

PYyROROMMTANb: [IOHTEXKOPRBRO b.il.
2) B.ToHTeR BO, I'.Cenusanos. OtdeT B AH Cl B 1933 rony rafora mo aToll! Teue T ASRNNAnNACh 0O ABYM
19‘320"’7?{9 38’f‘ - HanTapnelMan: [) WsyucHile ycnmonui PHUBONS NMyUXODR MeSOHOB

3) COOpHMK OTUETOB Hélg.-;g.mﬂn 260, CTD. 74=8I rasmruHo® SHeprmY 1 “#eSOHHYO NaGoraTopho”; 2) TpPOeKTH[ o=
8l-85, 86«02, 273-280. BaMie OMNUTOR M [OXTOTORKA AUNATATY 4 IMa MaMepeIdla:

a) norHay ceueHu noamionelleTBNa A -KeSO0HOB T'ASTHYHHX SHep-
M ¢ Bomopomon 1 gelTer Mert; G) yrionmoro pachyelelleHNs J e
1e30HOB, TACCeAHHHIX Ha Rojopole € I §e3 oGveHa sapajya,

B) ceueHls mOyolecea (»‘/CP'J(') Ha CAORHMX ATpaX.



Dubna Internal Report 1953....Translated by Gil Pontecorvo

2, 0 mponeccax 06pasoBaHug T-RelHX
yeaouoe 11V -vacmiy.
Wemonumrens: Tontexopso b.lS,

Hamican omem”

y B ROTODOM WBnarapTCq HEKOTOpHe saMeva-
M TeHOMEHONOPMYECKOr0 XarakTepa O Mpolectax o6rasonayiy 2d-
Renty MesoHoB 1V -uactur, OcHoRHSe Wiell SToil PafoTH 06CyXTa
mich HA ceMvHape B Hamef! naGopatopud B [951r. X0 mpejcrap-
TeHHHe DACCMOT eHMs MMel? XapaKkTep NMOWCKOB, OHA MOTYT DOMOYD
ehopmynimoBaTh paGoune rUmOTesH MPM VHTermpe TAUMA dKCHeDUMeHs
TTbHAY TAHHHX U OpA OGCYRTeHNN BOSMOZHOCTH MOCTAHOBKM SKCIe=
[MeHTOR MO 00pasoBaHMI HOBHX YacT™,

BuBoud ragorH cnepyonue:

1) Tor fak?, uTO B COyTATeHIAX MPW BHCOKO! 8HepIWH C
Gonbmolt BepOATHOCTBR opasywcs nesows (uesoms knacea T ),
pacrazanuecs ¢ UPONONRNTe NbHHM BreMeHeM RWSHY HA T -1e30HH,
yKassBaeT HA T0, YTO TORNPHNe 3THX NeSOHOB He MOEeT MPONCXO=

TS MO0 CxeMe:
(X)) = () +(T)  ( N= m=ygnon)

From Report prepared in 1953

2. On the production of heavy mesons and V-particles.

Executor: Pontecorvo B.M.

A report has been written [B. Pontecorvo, R("]ml'f numb.
1953], in which certain comments of phenomenological character
concerning the production of heavy mesons and V-particles are
presented. The main ideas of this work have been discussed at the
seminar of our laboratory in 1951. Although the issues presented
are of a search nature, they may lwlp in formulating operative hy-
potheses for interpretation of experimental data and the discussion
of future experiments relevant to the production of new particles.

The conclusions are the following:

1. The fact that high energy collisions with a high probability
result in the production of mesons (mesons of the 7 class),
decaying with a long lifetime into m-mesons indicates that the
production of such mesons cannot proceed according to the

following scheme:

(N) = (N) + (7) (N = nucleon).



ca V mogansbmeq mecte eorTaeno cxenes
(f) ~ (V) +(T) (1

Takms 067 a30M OTHOBDGMEHHO [eMALTC TYIHOCTH, CBA3AH
Hie ¢ MPOTONZNTeNbHAM FDeMeHeM BWaHM vacThl xnacea V It ye-
80HOR Knacca T, {rome TOro, aTa CXewa moupasyMesaet CHNbHOE
raaitvoneficTRle Moy HykToRaM! U V ~uacTieMm,

4) Remt cxewa (1) pepua, To cremyeT OZWTATH, UTO B
(7aroNPUATHAX YCAORTAX TOMRHH OCYTRCTBAATHCA KBASH-CTAGHTbe
Hie cUCTews 13 HykmoHom M V -uacmum,

Hexoroptie akcnepiMeHTaNbHLe yKasaHli O copaBelmiBOCTH

97X RHBOTOR UOSBAMICH B Jmmepamypez).

3) [l ennonaraeTeq, uTo e30HH knacca T 1 YACTUIH KVace 3. The ;-1»&11111)”( n is made that mesons of the 7 class and par-

ticles of the V' class appear together according to the scheme:

(N) = (V) + (1) (1)

Thus, difficulties related to the long lifetime of particles of
the V' class and of mesons of the 7 class are resolved simul-
taneously. Moreover, this scheme implies strong interaction
between nucleons and ‘——1')i—'ll'ti(‘]t‘~>‘.

. If the scheme (1) holds true, then (111;;1.-i—\1aﬂ"lt‘ systems of

llll(.'l('( S ;'l.Ilcl ‘-—]lexﬂi(‘lt's can l.n’- 4‘_"-;})“-(_'14'-(1 Lo })(' l'l.‘tl.lin'(l n

[-E-I_\"I Hll‘;l_] ']«.‘ COTI( hl 101S.




ca V mogansbmeq mecte eorTaeno cxenes
(f) ~ (V) +(T) (1

Takms o6ra30M OIHOBDEMENHO TAMANTCA TPYIHOCTH, CBA3AH=
Hie € MPOYONANTENBHAM EPeMeHeM AWBHY vacTHI knacca V 1 we-
80HOR Knacca T, {rome Toro, aTa CXeva moupasyvesae? CUNbHOR
raaitvoneficTRle Moy HykToRaM! U V ~uacTieMm,

4) Remt cxewa (1) pepua, To cremyeT OZWTATH, UTO B
GrarompisTHEX YCACRUAX TOMRHH OCYNACTBIATHCA KBaSH-CTA(MNbe
Hie cUCTews 13 HykmoHom M V -uacmum,

Hexoroptie akcnepiMeHTaNbHLe yKasaHli O copaBelmiBOCTH

97X RHBOTOR UOSBAMICH B Jmmepawypez).

3) HI ennoraraeTcq, uToO e30HH Kracca T 1 w@eT KNace 3. The -‘:\:“Jlllll)’ii n is made that mesons of the 7 class and par-

ticles of the V' class appear together according to the scheme:

Assoclated: Lambda + K
(N) —= (V) + (1) (1)

Thus, difficulties related to the long lifetime of particles of
the V' class and of mesons of the 7 class are resolved simul-
taneously. Moreover, this scheme implies strong interaction
between nucleons and "—I'Ji—'tl‘tir]t"s.

. If the scheme (1) holds true, then quasi-stable systems of

nucleons and ‘-—])zmi('lt's can be <‘."~;})c:'(_'tt'-(1 to be realized in

[-il_\'( i]l]‘il] l]l‘ C( I]](hIiI ns. Hypernuclei



OueBmiHO, UTO CeveHMe Meakuim
Nt N =Ny
TONEHO GHTH KkraliHe wantn mpy cnopasexmisocTd cxena (1),

3)

eci’ Me30H MyesT Maccy Tombko 530me” . Peakmdq (3), npA cnpa- JETP. 21 (1951) 10621 In the case of our assumptions beine valid

BefMBOCTI! HAWIX UpeANoroaeHHil, foN&Ha NpONCXOmTs myTew UPO=W 1o, tion (3) should proceed via intermediate virtnal transitions rep-

. MERYTOUHUX PUNTYAJBHAX MeyeXo1on, mpeXCTABNFIONIX COGOW MCIYCRN .. .\tin- cmission of the first Voparticle together with a meson of

e mepeoll V ~wacTumn ¢ vesomom wracca T, a saTey noryouerte the 7 class. then absorntion of this meson involvine ¢
aTOro MegoHA ¢ Wenyekammey propal V -uacum, TMopor :carmnm fJ . narticle. The threshold of reaction




OueBmiHO, UTO CeveHMe Meakuim

Nt N =Ny
TONEHO GHTH KkraliHe wantn mpy cnopasexmisocTd cxena (1),

Yes. Dubna confirms this

No. Strangeness is additive
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Oscillations + Neutrino Astrophysics.....
Modern legacy: Worth entire conference

Figure 3: Dubna 1983. Neutrino cscillations

Pontecorvo: Cartoon from Bilenky “Mister Neutrino”




Pontecorvo:ldeas for experiments
giving rise to Nobel prizes

Two types of neutrinos; accelerator expt to prove it Not known in west
Couldn’t do in ussr
Nobel 1988 did BP expect positive?

Inverse beta decay at reactors Reactors = antineutrinos

Nobel 1995 Chlorine fails
Forbidden access reactor in ussr

radiochemical methods for neutrino detection
Chlorine experiment , Nobel 2002

BP died 24.9.93

Oscillations Otherwise would surely have shared
Nobel 2002 Nobel 2002




Pontecorvo: What would have been
different if he had stayed in Oxford?

Two types of neutrinos; accelerator expt to prove it CERN (but would he
have had the idea?
Nobel 1988 ave had the idea?)
Inverse beta decay at reactors Harwell not intense enough (?)
Nobel 1995 And Cl to A don’t work

Associated production and strange particles




Pontecorvo: What would have been
different if he had stayed in Oxford?

Two types of neutrinos; accelerator expt to prove it CERN (but would he
have had the idea?
Nobel 1988 ave had the idea?)
Inverse beta decay at reactors Harwell not intense enough (?)
Nobel 1995 And Cl to A don’t work

Associated production and strange particles

Parity violation

Dalitz and Theta-Tau puzzile
BP “Do an experiment”....?




Pontecorvo: What would have been
different if he had stayed in Oxford?

“There is no subjunctive tense in history”

Gil Pontecorvo

.... in a multiverse somewhere.......




A Life of Two Halves

.







