Discovery of
Strangeness

(1943-1959)

G. Venanzoni

29/4/24
Seminar to the Muon group, Liverpool




Relevant years (40's— 50's)

* 1943: (preliminary) observation of a K* in cosmic rays

* 1947: Discovery of K, (= n* n) (V,°0 0°) and K* (= charged +
neutral) in cosmic rays (V particles, forked tracks)

* 1949: Observation K* = ¥ w* n~ (called T meson) in cosmic rays
* 1950: Discovery of V.,° (A°=> p ") in cosmic rays
* 1951: Evidence for K* 2 u* + neutral (called k decay) in cosmic rays

* 1953: Precise determination of the mass of the V,°0 6° (equal to the
mass of T meson), the setting the stage for the 6 t puzzle and
discovery of parity violation
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Relevant years (40's— 50's)

* 1953: Conference on cosmic rays at Bagneres-de-Bigorre. V.°, 0, 1, «,
v (K* = ™ 1) well established. Analysis presented by R. Dalitz: 0, t
have different parity. Different particles if parity is conserved

* 1953: Cosmotron at BNL started operation with ® beam (up to 3.3
GeV), confirming and estending cosmic rays results.

* 1954: Bevatron started operations with proton up to 6 GeV in
Berkley. Emulsion technique focused on K* (6, y*, k* ) and t*. Same
mass and lifetime between K* and t*.

* 1954: G-Stack (for “giant”) experiment (15 | of emulsion) on a ballon
at an altitude of 27 km for 6 hours provided a clear identification of K*

2>uty, Kf 2>t K+ > nletv)
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Relevant years (40's— 50's)

* 1953-59: Evidence for hyperons beside V. ° (A°): V* (1), V- (X))
(1953) observed with cosmic rays and at accelerator (cosmotron); V!
(2Y) (1955) at cosmotron and Z°(1959) at betatron ( Q- discovered
in1964 at AGS providing spectacular confirmation for the baryon
classification model (Eightfold way ) )

* 1954:introduction of the new quantum number (Strangeness) by
Gellman and Pais to explain the high production rate (consistent
with the strong interaction) and the long lifetimes (consistent with
a weak decay) of these “ strange” particles. Strangeness is
conserved in strong interactions, while is violated in the weak decays
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Relevant technologies

* Cloud/Wilson Chamber & nuclear emulsion |oId New
(expertise mostly in UK), bubble chamber |Name Name
(invented in 1953 by Gasler) - K. Ko

. |\/|a|n. S?\JIEII_V;YB Blzllstol, Malnchtester (cosmic [y a A'—>pr-
rays); erkley (accelerators) V.0 (69) T——

K K,: Koptv

K;: Kr—opfnly
% (6%) K, Konn°

V*, A* | Z*>pn® nnt
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L. Leprince-Riguet, M. Lheritier (1944)

"Existence probable d’une particule de masse 990 m, dans le
rayonnement cosmique”

* Wilson chamber of 75 cm (height) x 15 cm x 10 _ 10 cm Pb
cm , with B = 2500 G on French Alps (at 200o0m

altitude).

* Animage (out of 10%) with positive particle = oo
MeV/c momentum producing a secondary = 1
MeV/c momentum

* Assuming elastic scattering on e, from
scattering angle its mass is 990 m, + 12% =506+-
61 MeV/c? (K* mass = 4£93.68 MeV/c2).

* Incompatible with a pion, hardly with a proton pesen sirtoseopique e colivton
(H. Bethe, Phys Rev 70 821 (1946))
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L. Leprince-Riguet, M. Lheritier (1944)

"Existence probable d’une particule de masse 990 m, dans le
rayonnement cosmique”

| tried to replicate the values...

K+
K+
‘\—7/)(———' (| B=2500G
e_
1/2
E +m, m
sz[ ecoszx—l] elC\
— My

p = pxincident =510 MeV (p= 680 cm)
E=E.~1MeV
M~ 510 MeV (quoted from their paper)

Dessin stéréoscopique de la collision.

Using the current masses in the PDG | got an higher mass (530 MeV) but this could be not a correct interpretation

of their data or some wrong assumptions from their calculation (see next slide) ;
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L. Leprince-Riguet, M. Lheritier (1944)
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Probably different assumption/calculation

G. Venanzoni, seminar UoL, 29 April 2024

a T2 W
W T o~ % M&; t M)«"’}iwu./ =~ ¥
5 Teeey | E 0w e
~ e 0 A
o] (B )m"x~i Mstvy Qs o0 on &
H=lgowo fray = 03 L BT
(e -we elrev o
E+wt Oz/)rl%"’l bet f A qTﬂ"":Uq;,LM
/\/[ _ \Q R FCWDCO _Slo s ]u{}\}
- C-ve BNy e
12
Y%
134050 VRAK
Mo sto) —— O° l] o ahylom)=1¥7
4.4-0€1 ")/ - ‘J' 2
mﬁ>&3i[‘)



G.D. Rochester, C.C. Butler (1947): (Manchesten

“"Evidence for the existence of new unstable elementary particles”
Discovery of "V particles” (Kaons, strange particles)

Cloud chamber on cosmic rays, Neutral particle Charged particle
with a single absorber plate. No mass 393 to 818 MeV/c? mass 500 MeV/c? to m,
electrons or positrons, only PP N N
penetrating particles. Estimate Pene
the mass by energy-momentum
conservation (M> 390+77 MeV;
M~O(510 MeV))

"V" particles due to the topology
(forked) of the tracks

First evidence of ‘“strange”
particles
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G.D. Rochester, C.C. Butler (1947):

“"Evidence for the existence of new unstable elementary particles”

TABLE 1. EXPERIMENTAL DATA

Cloud chamber

Photo- o Track Sign Cloud chambe

a
graph | (gauss) | (deg.)

A
(e‘g’.lc.) (ev.?c.)

Cosmic rays
1 3500 666 a 3-4 x 108| 1-0 x 10° +
b 35 x 10°| 15 x 10| - \
\\\\ Absorber |

by
'

i V‘,I)articlc

AR

Photo 1

M? = mi+md +2 (Vo + miypi +m3 —pip; cosa)

Using Table 1 | compared two hypoteses:
1: 0% (Ke=>m*n) M=470 4+ 80 MeV. (0.3c from PDG Ky=497.6 MeV)
2:V,°(A°2>pn-) M=1240 + 60 MeV (2o from PDG A%=1115.7 MeV)

(Thanks Riccardo for the error evaluation) T '\
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G.D. Rochester, C.C. Butler (1947):

On ~1000 triggered pictures corresponding to ~1000 nuclear interactions, one could
observe the production of a few particles which decayed in few cm.
Assuming a cross section of ~1 mb on proton we expect a production in few (2 cm) plate
of Pb:

Z
L = leAZ = 2cm X 11.367‘%3>< 6 X10%3%x 0.4 ~5x%x10%*cm™2 =5x103mb~?!
Nopents = NiypX o L = 103X 1mb X 5 X103 mb~1~ 5

Assuming the V-particles travel a few cm with P/M=yB~2, their lifetime is O(1207%° 5)
(t=d/(yBc)) typical of weak interactions. Thus we conclude that the decay of V-particles is
weak while the production is strong.

This strange property of K mesons and other particles, the hyperons, led to the
introduction of a new quantum number, the strangeness, S

Strangeness is conserved in strong interactions, while is violated in the weak decays
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R. Brown, U. Camerini, P. H. Fowler, H. Bristol
Muirehead, C.F. Powell, D. M. Ritson (1949):

"Observations with Electron-Sensitive Plates Exposed to Cosmic Radiation”

Mg, =1080 + 160 m, (=552 + 81 MeV)
obtained by counting the grain per units

' + + + ot -
o lonath (V- 2os 607 £ anost ppy  Discovery of % meson (K* 27" n* 1)

» Track tis probably a low momentum
7~ which has reached it end-of-range
and disintigrates against a nucleus
giving 2 p or heavier particles (c, d)

eyt
-----

* The grain-density of track a and b are
. R
compatible with ™ or pn

* "“There is some support that the three
product-particles are m-mesons; but
the alternative of one m and two pu or

one p and two wt cannot be excluded” " - “Stripped” emulsion technique

12
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Nuclear Emulsion

* They are usually made in thin films, from about 20 - 200 um, of size socm x 5o cm,
usually monted on glass plates and placed on microscopes stages for examinations

° S | |Ve r h 3 | | d ec rysta |S (a bo ut o. 3 “m Chergedpamb/ Silver halide grains or crystals in suspension

. . . ep e  Developed grain images
size) embedded in an organic e —
matrix, composed mostly of ceinerayer
gelatin  with  water, glycerol ~#¢®*"

etc...added to form a gel (density~

1. 3 g/m |) Plastic/celluloid supporting base \

* Anionizing particle crossing a crystal, leaves in a state whereby it develops fast. After
the development we are left with a trail of silver grains in a transparent medium

* Use a 1000x microscope to measure the grain density distributions

* Compact object, three dimentional study, records all tracks during its exposure
time, good for collecting rare events and cheap (2$ per cm3) . It needs however a
labor intense work to extract and process the information. 13

G. Venanzoni, seminar UoL, 29 April 2024



C. O’ Ceallaigh (1951):

"Masses and Modes of Decay of Heavy Mesons - Part I”

Bristol

emulsion technique

Observation of the x decay (K* =2 p*v (K,); K* 2 p*nv (K;3))

* Ak (K*) meson stops at P, decaying into a muon and neutrals.

* The muon decays at Q to an electron and neutrals. The muon
track is shown in two long sections.

* Note the lighter ionization produced by the electron,
contrasted with the heavy ionization produced by the muon
near the end of its range.

 The mass of the kK was measured by scattering and grain
density to be 562 £+ 70 MeV (M, = 493.677 £ 0.0016 PDG)
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R.W.Thompson, A.V. Buskirk, L. R. Etter, Indiana University

C. J. Karzmark and R. H. Rediker (1953)

"An Unusual Example of V° Decay”
Determination of the mass of V° (6°) (K, 2 n* ")

* Magnetic chamber. Looking for forked tracks

* They measure a Q value for the decay of 214 MeV, in
good agreement with the present value (My - 2M_, = 219
MeV).

 This indicated that the t and 6 mesons had just about
the same mass and set the stage for the famous puzzle

about the parities of these particles

Pr+ =670 + 20 MeV My, = 496 + 7 MeV (using eq. Slide 10) to be compared
Pr.=94 1 8 MeV with Mx=497.614 + 0.024 MeV from PDG AT sl ok
o =79.204 0.4° - g

15
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Hyperons (1950 -1964)
A0 V.D. HopperandS. Biswas "Evidence Concerning the Existence of the New Unstable
Elementary Neutral Particle, Phyg. Rev. 80, 1099 (1950)

_ A T
S=1 A Bonetti, R. Levi Setti, M. Panetti, apnd G. Tomasini, "On the Existence of Unstable

T+ Particles of Hyperprotonic Mass.” Nuovo Cimento, 10, 1 (1953); C. M. York, R. B. '§i i
Leighton, and E. K. Bjornerud, "Direct Experimental Evidence for the Existence of a :
Heavy Positive V Particle.” Phys. Rev., 90, 167 (1953)

5+ >p el
R. Armenteros et al., "The Properties of Charged V Particles.” Phil. Mag., 43, 597 P
(1952); C. D. Anderson et al., "Cascade Decay of V Particles.” Phys. Rev., 92, 1089 (1953) ‘
W. D. Walker, * A? — &°Production in = p Collisions at 1 BeV.” Phys. Rev., 98, 1407 (1955) o7y
w+p PKZ(DAy) ! Lo

E.W. Cowan, "A V-Decay Event with a Heavy Negative Secondary, and Identification
of the Secondary V-Decay Event in a Cascade.” Phys. Rev., 94, 161 (1954) e

E->A0 - -
EO L. Alvarezetal., "Neutral Cascade Hyperon Event.” Phys. Rev. Lett., 2, 215 (1959)
K+p 2K E%2>A70)

Q- V. E. Barnes et al., "Observation of a Hyperon with Strangeness Minus Three.” Phys. Rev. Lett., 12, 204 (1964)
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W. B. Fowler, R. P. Shutt, A. M. Thorndike, W. L. &
Whittemore (1954):

"Production of Heavy Unstable Particles by Negative Pions”

Production of associated A’0°(K"), A=(Z")K* at accelerator

7+p 2A(Ppr)+K 4P DN (Dpr)+KO (Dt )

- 1.5GeV p beam at Cosmotron BNL agb G
Cloud chamber filled with H, (!) at 20 atm with B= 10 kG oy ]

— o ~1mb; lifetime of A, K109-107%°5s

— A,Kproduced in association, *double production process”

- They were copiously produced in association by the strong
interaction. Their lifetime should have been orders of
magnitude shorter if the decay was mediated by the strong
interaction > Weak decay

- Gell-Mann & Pais: the new unstable particles
possess a new gquantum number “strangeness”

conserved in strong interaction , but not in the T
weak decay T pmox

17
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Strangeness
1954
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Behavior of Neutral Particles under Charge Conjugation

M. GELL-MANN,* Department of Physics, Columbia University, New York, New York
AND

A. Pais, Institute for Advanced Study, Princeton, New Jersey
(Received November 1, 1954)

oome properties are discussed of the 6°, a heavy boson that is known to decay by the process 8*—r*+=".
sccording to certain schemes proposed for the interpretation of hyperons and K particles, the 8° possesses an
antiparticle 8 distinct from itself. Some theoretical implications of this situation are discussed with special
e to charge conjugation invariance. The application of such invariance in familiar instances is
in Sec. I. It is then shown in Sec. IT that, within the framework of the tentative schemes under
*an_ the ¢ must be considered as a ‘“particle mixture” exhibiting two distinct lifetimes, that each
.cated with a different set of decay modes, and that no more than half of all #”’s undergo the

.cay into two pions. Some experimental consequences of this picture are mentioned.

M. Gell-Mann A. Pais

l ’

1955




M. Gell-Mann, A. Pais,

Strangeness (1954) e .7 1959 1387

7
L4

* Each strongly interacting particle has an additive quantum number
called strangeness. For the old particles (pion and nucleon) the
strangeness, S is 0. For the K* the strangeness is +1, while for the
and A and X'sitis —1. K’ hasS=+1

M. GeII-Manr’1 A. Pais

* Pairs of mesons with identical masses but opposite electric charges s mebon
are antiparticles of each other, just as the positron is the antiparticle
of the electron. Each antiparticle is assigned the opposite strangeness

from the particle. Thus the K- has strangeness -1, as K°. ot
article | S
* Strange particles are produced (by strong int.) conserving S which leads ponr |0
to the idea of associated production: strange particles are always K+ k9| 1
producedin pairs: A(S=—-1)+K (S=1),K°(S=1)+ K°(S=-1),... o 70| 1
For instance: ™~ 4 p — APKO '
S=0 .Y —KT S=-1+1=0 ALY -1
LyYytK— S=-1-1=-2 ATl

L KTKT T nn S=1+1=2

19
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* An important consequence of the fact that K mesons carry strangeness, a new
additive quantum number, is that the K% and KY meson are distinct particles
(different for example from n%y,n)

* An apocryphal story says that upon hearing of this hypothesis, Fermi challenged
Gell-Mann to devise an experiment which shows an observable difference
between the K° and the K°. We don’t know what Gell-Mann answered, but today
we know that it is trivial to do so. For example, the process pp — 1 K* K9,
produces K° (S=-1) with a K* (S=1) while pp — " K- K% a K% (S=1) with a K-
(S=-1) . So the presence of a K* (K-) “tag” the presence of KO(KO).

* Another of Fermi’s question was:

« if you observe a K—2m decay, how d o you tell whether it is a K° or a K%? The answer here is
complicated and we will discuss this in another seminar
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Today view: Quark and flavour

Today we describe these properties in terms of quarks with different “flavours”, first
suggested in 1964 independently by Gell-Mann and Zweig reformulating the SU(3) flavor,

approximate, global symmetry. The "normal particles” are bound states of quarks: qg, the
mesons, or qqq, baryons, where:

d down - — — 70— —
Kt=us K =us E uss,dss

S=+1 S=-1. 7

(11) ( up ) KO — d§ KO — JS AO = uds ZO'+'_ = uds, uus, dds
q p— p—

The assignment of negative strangeness to the s quark is arbitrary but maintains today the

convenient original assignment of positive strangeness for K%, K* and negative for the A
and = hyperons and for K and K+,

21
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* From the discovery of Kaons and strangeness:

* P, CP violation

* Eightfold way (classification of mesons and baryons) = quarks
* GIM mechanism = charm quark

(LIGHT) MESONS

’S
K (d%) +1 K (us) | .
_____ AR, K.o —— I K*
/®\ /®\ /® FH &,
/ N\ / N\ / | i
/N /N / | \
/ \ / \ / | \
/ \ / \ / \
/ \ / \ / ] \
/ \ / \ / ' \
/ \|/ \ / : \
=~(do) ¢ RN \ " (wd) 4 o o P’\é
® o%® e @@ — — - @ —
-1\ -1 /&\ 3 /1 Iy -1\ Te@ +1/7 L
\ ’ /N / \ l /
\ / \ / \ I /
\ / \ / A | /
\ / \ / \ /
\ / \ / \ ' /
\ / \ / \ ! /
\\ // \\ / \\ { /
/ /
\ / \ / \ ke | X%
————————— —® ®@-———15———-8
K- (sa) -1 K°(sd) l
(a) (b)

Fig. 4.14. (a) The lowest-lying pseudoscalar meson states (J© = 07). Quark flavour
assignments are indicated. (b) The vector meson nonet (J© = 17). The quark assignments
are the same as in (a).
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* From the discovery of Kaons and strangeness:

* P, CP violation

* Eightfold way (classification of mesons and baryons) = quarks
* GIM mechanism = charm tuark

aryons
Decuplet (S=3/2)
Octet (S=1/2)
ddd dd. s di uu §
u uu u - + ++
s g —-—-8—f---@-— -~ 13—~ & o4 1o e o4 (1232
\ /
n 0 p N(939) udd uud \ /
/®— I -q @ @ \ dds dus /uus z- X0 z*
/ \ gk @—d— ety =1  -® ? ® 1, (1384)
/ \ -2 \\ -3 1 // 1
/ \ \ /
/- x° \\ + \ / z- =0
ez ® It 2(1193) d;s uds |@ U@‘{S dsQ -2 © uss I=}—— ®° {-20° (1633)
- / ® \ ’
1\ A 3 /+1 A(1116) \\ //
\\ / \ |7
\ // sss\e/— 3 /| =0—= Q®-3 (1672)
\\ /
@———12--® ~ ® ®
=" =0 2(1318) dss uss (a) (b)
Fig. 4.13. The baryon octet with spin-parity %+. The observed states are given on the left, Fig. 4.10. (a) Quark l?bel 3?31g;1rilents in the baryon decuplet.. () .The ob'servefi dc-ecup l.et
and quark flavour assignments on the right. of barg)on states of spin-parity 5 . The mean mass of each isospin multiplet is given in
parentheses.

We will see this in a next seminar
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END



