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The Strangeness : the begin of a new era...not ended yet
~1947 : discovery of new particles (on cosmic rays)

— K (~500 MeV) A (~1100 MeV)
Why are these particles strange ?

— They are produced (always in pair) as copiously as the as the &t
— Their lifetime is ~10-10s!

Production through strong interaction

Decay through weak interaction

There should be a reason to inhibit the decay through strong interactions.....
=> Introduction of a new quantum number
— Conserved in strong interaction processes

— Not conserved on weak interaction processes

‘ ‘ The strangeness (additive quantum number)
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Pais intuition (1952)




V - Particle «Kink» in the detector
Bubbles Chamber ~1947



Tracks from A
B D

Produced in pair
E TP —SKOAO
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1955 Walker et al (Berkeley)




Several new “‘strange” particle were discovered. There were decaying in
cascade to other strange particles.
Experimentally, from the observation of the decay of particle as the

=* it comes out that, the strangeness is an additive quantum number

Why additif ?

Analogy with the
parity =*1

\ If multiplicatif

If additif

particle S
p,n,n*, 0 0
AZE 30 -1
=t =0 -2
KO K+ +1
KO K= -1

Exp. 1z is typical of weak interaction
= > Aoz
-1 -1 1 OK = Strong int. possible
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-2 -1 O + = weak interaction



PHYSICAL REVIEW

oA journal of experimental and theoretical physics established by E. L. Nichols in 1893

Seconp Series, Vor. 86, No. 5 JUNE 1, 1952

Some Remarks on the V-Particles*®

A. Pais
“V particle”: particles that are produced I'nstitute for Advanced Study, Princeton, New Jersey
in pairs and thus leaves a ‘v’ trial in a (Received January 22, 1952)

bubble chamber picture

It is qualitatively investigated whether the abundance of V-particle production can be reconciled with
their long lifetime by using only interactions of a conventional structure. This is possible, provided a V-
particle is produced together with another heavy unstable particle (Sec. II). Two distinct groups of inter-
actions are needed: for one, the coupling is strong (II); for the other, it is very weak (III). Two kinds of
V-particles are considered, Fermions of mass ~2200m and Bosons (~800m). The arguments are some-,
what different, according to whether the latter are nonpseudoscalar (IIT) or pseudoscalar (V). The compe-
tition with processes involving u-mesons is discussed (IV). Possible connections with the r-meson are
commented on in Sec. V. The preliminary nature of the present analysis is stressed (VI).

Details: create a new quantum number, “strangeness
which is conserved by the production process

(pair production)
Conclusion:

_ _ however, the decay must violate “strangeness”
must always be produced in pairs!

if only weak force is “strangeness violating” then it
_ _is responsible for the decay process
Strangeness and the birth of Flavour Physics

hence (relatively) long lifetime...



The strangeness is nothing else that the quantum number associated
to a new quark : the strange quark s

How do we see the decay of a strange particle ?

u
=
— €
w [
S m/ u 7 Ve
(o~ W/
/
A u u p S & u
K- - - v
d d u u

But there was a further question :

PUZZLEING about lifetimes.

The lifetime of A was measured of ~ 2x10-19 s, same for charged kaon was measured ~1.2x10-8

How it compared with for instance with muon lifetime t(un) ~10% s (or pion) ?
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AN
K+, n+ W*
;{ 2
d, s
[ /T=Br, >T,=Br/z
(~0.63) 12
[ (k-muon) _1(m) BR(K'—> pu*v) _ _ mkl 1- (my/ my)
r(n—amuon) T(K) BR(TE-'-—)(ELI)V) rCTE 1- (m“/ m?'c)jz
NS
1(n)=2.6 1085 18
t(K) = 0.035 X t(m) = 9 x 1010 Phase space

BUT EXPERIMENTALLY 1(K) =1.2 1085

SO the lifetime of the K is slower than expected

There is a coupling which is slowering down the decay of the K 9



1963 AS=1 vs AS=0 Cabibbo theory

The quarks d e s involved in weak

0. : the Cabibbo angle

u u
dcos . +ssind,

processes are « rotated » by an angle

Couplings : ud Ggcoso,

us  Ggsin,

Purely leptonic decays
(e.g. muon decay) do not
contain the Cabibbo factor:

V
AS=1 A :
1l
cos0.or sinf, -
u d,s

Gg? sin?0, Wy

K-> nle v,

cl
cl

VoLume 10, Numser 12 PHYSICAL REVIEW LETTERS 15 June 1963

UNITARY SYMMETRY AND LEPTONIC DECAYS

Nicola Cabibbo
CERN, Genewva, Switzerland
(Received 29 April 1963)

To determine ¢, let us compare the rates for
K = put+vand 77— pt+v; we find

O(K* - w)/C(n¥ = )
- 2 N 2 22 _ 2 2\2
tan HMK(l Mp. /MK) /Mﬂ(l Mp /MiT )2, (3)
From the experimental data, we then get®®

6=0.2517. (4)

For an independent determination of #, let us con-
sider K* ~7°+e*+v. The matrix element for

this process can be connected to that for 7%~ 7°
+et+ v, known from the conserved vector-cur-
rent hypothesis (2nd assumption). From the rate®
for K" ~m°+et+v, we get

6=0, 26, (5)

The two determinations coincide within experi- 10

mental errors; in the following we use #=0.26.




0. : the Cabibbo angle
Cabibbo The quarks d e s involved in weak [ u} ( u ]

dcos . +ssind,

Theory : processes are « rotated » by an angle

(¢

Couplings : ud Ggcoso, us  Ggsin,

Many measurements

explained with :

sin0_ ~0.22

u
_ 0 o— +. _ ; .
K™ —n”e v, a a Weak interaction among quarks
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Non universal




The years 70

DISCOVERY OF WEAK CURRENTS in NEUTRINO INTERECTIONS

' rock
target 1o
1012%p T+ - H+
—_— N N
— Vu B
K+
_ 550 m - 50m 230m
Schematically : neutral current and charged current involving
neutrino
v, N-> puX  charged current
v, N— v, X neutral current
\Y
VH M+ V},L V},L " VH
"W Because the v | 70 99

are neutral...

N hadrons N hadrons N hadrohs



Gargamelle was a bubble chamber at
CERN designed to detect neutrinos.
It operated from 1970 to 1976 with a
muon-neutrino beam produced by the
CERN Proton Synchrotron, before
moving to the Super Proton
Synchrotron (SPS) until 1979.
Gargamelle was 4.8 metres long and
2 metres in diameter. It weighed
1000 tonnes and held nearly 12
cubic metres of heavy-liquid freon
(CF3Br).



http://home.cern/about/accelerators/proton-synchrotron
http://home.cern/about/accelerators/super-proton-synchrotron

A typical neutrino event as observed in
- the Big European Bubble Chamber (BEBC)
JORY filled with neon
64, e (CERN 450 GeV Super Proton Synchrotron (SPS))
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visible on the right.

ISR
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 Z9

hadrons

hadronic neutral current event, where the interaction of the neutrino
coming from the left produces three secondary particles, all clearly
Identifiable as hadrons, as they interact with other nuclei in the liquid.
There is no charged lepton (muon or electron).
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MORE diagrams concerning neutrino interaction with electrons

+
Ve Ve Ve e N N
Ve € —)Ve €

Z0 LW

€ 2 diagrams with W and Z

Ve\ //e v v
W vV, eV, €

(v ) — _ GOLDEN PLATED DIAGRAM!!
M - -

No diagram with a W !
(would violate the leptonic number)

16




Gargamelle : Phys. Lett. B46, 138-140 (1973) Over a total of 1.4 million pictures:
: = oy nts (data taking : 2 ans)

€&— Outgoing
neutrino

v
Vi

U
Shower of
particles due to
bremstrahlung

e €

» &— Collision

GOLDEN PLATED EVENT
Almost background free !!

&— Incoming

neutrino

The electron is projected forward with an energy of 400 MeV at an angle
of

1.5+ 1.5°to the beam, entering from the right.
Kinematical analysis : direction close from the direction of the incoming v bedm



A little jJump In Hisory !

The Z0 was really discovered 15year later
THE DISCOVERY OF W* and Z°bosons
at SPS at CERN by UA1 and UA2 Coll.

SS

p 2 = 3 P 26 —= 270 Gevic
sssssssssss S - B 26—~ 270Gev/c
uuuuuuuuuuu

« Proton -- anti-proton collider (SppS)
» Centre-of-mass energy 540 GeV
* Innovative cooling of anti-proton beam

nnnnnnnn

p 0 Antiorot ’,\t‘. 1980
q —_— O “'T ccumulator in 1980.
WZ° G owe
i uu,dd —» Z0
pp—> WX W*— [* v,

pp—Z° X° 20— I



.
‘.
‘.
LI
.
‘e
.

-~*
.....
-----------
.....
- >
.......
. -

The decay of a W particlein  One of the first Z particles

the UA1 detector observed in UA1.

The two white tracks (towards the
showing the track of the high-energy top right and almost directly
lectron  towards the bottom. The downwards) reveal the Z's decay
/e”OW arrow marks the direction of the |nto an e|ectron_positron pa”‘ tha‘t
nissing transverse energy and hence deposit their energy in the

he path of the unseen neutrino. electromagnetic calorimeter.



Z° discovery
paper

T T T

And later !

T T T T
40 N TWO ELECTROMAGNETIC CLUSTERS
al First Level Cuts o 92 Events (a) 1
30 1:2 Events ] S
it QCD Background shape

20+ - 50 1

10+ . s
> 5 1
3 |_I
- 0 n 1 ] Ao o=

1 |

. by 20 40 60 120
.E Secord Level Cuts 0 +
E 6 & Events . UAl Z —e'e

k - —
k= L / _. L (b) uA2: final selection

20 electio

‘_"n_-l g 1 n I‘rh | : 153 events .
E E 5 r
3 c] Py ~

6L inal Cuts i h

&L Er I g F 39 event

4 L Events 4 ‘E r (13eev:ntss backgroundli

2 F ( \ . £st }

“ 1 l'r.!'l L ?

0 50 NS 150 . a0 B

Uncorrected invariant mass clister pair IGeV!cz:l

| UA2: Z° —sete-
UA1 collaboration

Received 6 June 1983

We report the observation of four electron—positron pairs and one muon pair which have the signature of a two-body
decay of a particle of mass ~95 GeV/c?. These events fit well the hypothesis that they are produced by the process p + p
— Z0 4+ X (with Z° - 0™ + ¢7), where Z0 is the Intermediate Vector Boson postulated by the electroweak theories as the
mediator of weak neutral currents.



SM PREDICTION!
v :(ﬁgz]ﬂz{ J2 47a ]1/2

"ol 8G, 8G. sin’ 4,

(a2 ) 1 3728
_[\/EGF) siné(N_siné(N[Gev]

e MESUREMENTS!

|\/IW

M. =
“ CoS

And the first mass measurements of W%, Z°

M, ~90 GeV M,, =81%5 GeV

M,

= 95.2 + 2.5 GeV/c? (UA1)
= 91.9+1.9 GeV/c?(UA2)




Absence of FCNC.

The neutral current changing the strangness (AS=1) not observed
coupling su -

/

S d B
N\
/ \ |
K*—>nte*e K*—>nle v,

Vi vy v v,
BUT Z°EXISTS...1973 \/ \/
DISCOVERY of the Neutral current. | 70
Explained with a neutral weak boson /§ /\
- e

N e

coupling sd e*

BACK TO THE CABIBBO THEORY
- “predicts” flavour changing neutral transition : sd

uu +ddcos? 0. + sssin? 6, + (sa + gd) cos 0, sin6,



gaa:0

More formally. If we write the weak charged current 0, =(9/~/2)cos 9
L (1_75) L gus :(g/\/g)Sin‘gc
ijeak =0 la? Ty Op = Qa7 YL

u
. _Kd coS . + Ssin 9c1

_ _ 01 u
1" =(g/~2)(u,d cos 4 9 : =
i =(g9/2)(u,d cos & +scos c)(O 0)(dcosl9c+38|ntgcj

= (g/~2)ud cos &, +(g/~/2)ussin 9,

L — (0 1 ]
=q,0.4, . O, =
Ju=49:9.49; L0 0

The interaction comes from a gauge group. From the previous page it seems to be clear that for
the weak interactions the group is the weak isospin. o, _ are the matrices which
Increase(decrease) of one unity the weak isospin. But to form an algebra we also need o,

o o~ (1 O0\fu |
Jﬁg(uﬂc)[o —J[%J

R - I 2 < 1 2 d d .
=uu+ddcos” 0. +ss5s1n 9{+(3d+d3)0059‘? sin 6. FCNC



__FCNC : The GIM Mechanism (1970)

{ ..Or the « charm discovery » by FCNC in Kaon system

1969-70 Glashow, Iliopoulos, Maiani (GIM) proposed a solution to the K® —u* - rate puzzle.

1st The branching fraction for K —p* - expected
W\\/ \/ to be small as the first order diagram is forbidden

@)

' 0 9
d K not aZO o BR(K™ —>pu'p) _Tx10
e

r

allowed /\ /\‘orbidden BR(K+ —> ‘UJFVIU) - 0.64
u/ d B

(mf —~ m: )/m§ =0(107)

2nd Y p . ,J

0 \_4_/ \a_// ‘
r

d

e

r

—_—— e — —
=
=
—— i — =
—— e — —
=

Prediction of the charm quark

TN with mass ~ 1.5 GeV/ !

KO = (ds) KO = (ds)

Directly observed in 1973,

With only u quark the is an ultraviolet divergence



These two diagrams cancel out the divergence More details

It remains a non zero contribution (which is infrared divergent) for momentum

lower than the mc, which does not cancel out. The amount of cancellation depends
on the mass of the new quark

For m.=m, It would be BR(K®’— x"1i)=0

A quark mass of ~1.5GeV is necessary to get
good agreement with the experimental data.

First “evidence” for Charm quark! and the
fact that m, is such that was not yet observed...

Weak Interactions with Lepton-Hadron Symmetry*

S. L. Grasaow, J. ILrorouros, ANpD L. Maranif
Lyman Laboratory of Physics, Harvard University, Cambridge, Massachuseits 02139
(Received 5 March 1970)

We propose a model of weak interactions in which the currents are constructed out of four basic quark

fields and interact with a charged massive vector boson. We show, to all orders in perturbation theory,

that the leading divergences do not violate any strong-interaction symmetry and the next to the leading
divergences respect all observed weak-interaction selection rules. The model features a remarkable symmetry

between leptons and quarks. The extension of our model to a complete Yang-Milis theory is discussed.




BACK TO THE CABIBBO THEORY =-> predicts flavour changing neutral
transition : sd

uu +ddcos? 0. + sssin® 0, + (sc_i + Ed) cos 6, sinf.

Term added to the
C C :
— neutral coupling
(scj (s cos 6. —dsin 6?0] /

cc +sscos? 0. +ddsin’ 0. — (sEz + gd) cos 6. sin 6,

v

— uZL+cE+(dZZ+s§)czos2 0. +(dc_i+s§)sin2 0. =uu+cc+dd+ss

1) Strange particles have a longer lifetime than expected
- introduction of Cabibbo theory.

2) The neutral current does not change flavour : absence of FCNC and the
rareness of the K, 2 puu

- prediction of the existence of the charm quark ! 2



The interaction comes from a gauge group. From the previous page it seems to be
clear that for the weak interactions the group is the weak 1sospin. o, _ are the
matrices which increase(decrease) of one unity the weak isospin. But to form an
algebra we also need o,

— (1 0
jz=g(u,dc)[0 _JG j:

=uu-+ddcos® 6, +sssin® 6, +(sd +ds)cosg,sing,  [FENC

[sc =—d sin 9, +scos 4, jL
Absencs of FCNC

Introducing

—— (1 O — (1 0 - - -
12=g(u,dc)£0 _J(ch+g(c,sc)£0 _J(;j: uu+dd +ss+cc

0 -1

27

0 — _ 1 O
J,=4.050. , 03=



adding the charm in the charged -currents

c
q_(—dsinSCJrscosSCj
Pt T IN - O 1 C
Jﬂ=(g/x/§)(c,—d5|n9c+scos$c)( j( j:

0 0){—dsinY. +scos .
=—(g/2)cdsin 4. +(g/~/2)cs cos &

j;=9/ﬁ(u_,®(8 é}(: j+g/ﬁ(c‘,§)(g a(zj

de d _ cosé. sing,
—> =V with V=] .
Sc S —sing. coso.

CcOS (90 Siﬂ@c Cablbb() MatrIX

—sin@, cosd., 28




( oS,
V =

ST
—sind, cosé,

neutron decay ud ~ Gz cos® 0, ~ G
: - 2 ien2
Strange particles us ~ G sin” 0,
@ (5 2 i
s |cd ~Gnsin” 0
@) C
Charm sector S <
S _
& les ~G;7cos® 0. ~G? o
al (0\
6@
» CHARM (J/psi (c c bound state) discovered ! ‘Qe\‘

» the prediction that c=>s >>c> d measured !



Theory of quarks

Strangeness /
Weak Neutral Currents :Z9

AS=1, AS=0

» 3 FCNC

Cabibbo theory: 0,
Cabibbo theory /

+GIM )

Quark c: J/y
c2s>>c> d

FCNC + rareness K, 2 uu




Important CONCLUSION

CONTRARY TO THE LEPTON SECTOR . o
: and this is codified
The charged current coupling for

quarks is not anymore universal in the Cabibbo matrix.
W U u Cc C € u

4_Q<

The neutral currents stay universal
we do not need extra parameters for their complete description

d S d S Ve Vu

ZO u d S C e+ M+ Ve Vv

and this is completly included and comes out « naturally » from the Standard Model

u d s c e UV, Vv

We are still in a 2 X 2 world
made by
ud,s,c quarks...
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Appendix on
Charm sector :
discovery and decays

Since mainly treated
In Sergey/Guillaume
Topical Seminar
on Charm



Fundamental role of strange particles in the development of flavour

physics. | use them to introduce flavour physics

~1950

To show where I start from...

~ The concept of flavour
~ .
~ : strangeness discovery
1890 1500 N 1910 1920
| B B H B ||\I< A B I
4 N *
e ~ ~ P
1920 1930 1940 1950
I I I O A | I I I O A | I L1 1 1 1 II\A ] I
n et u.i nt Ki
1950 1960
I [N S I N O I | I L1 1 1
AAE AR AT 4
a0yt P%zlal p v, o ...and many
KPaz- 0 =0 wén more!
N f o
= %
The Quark Idea (bottom)
(up, down, strange) (charm)
1960 1970 1980 1990
S I T N T T O T O B I L |
AR AL 44
(top) Thy DT ANB WZ
Ly X T E D,
1990 000 ¥ T o000 B
I T T N T T Y O
B, t 33

Ap , : :
In these lectures I'll have an historical approach



m~3.1 GeV

Seen as a resonance

*Brookhaven (p on Be target)

e

I'(ee)~5 KeV e*e” final state
I'(uw)~S KeV .

e+ M+

e u

B0 '
g4z Evems-e Il*-
10l SPECTROMETER

F B an narmal eurrent

50+ [2=10% current

= BOp

=

- -

3 l

-~

» 40 j

-

z F

5

B sl 7
20+

JV

05 zrs 3

A . .0 3,25 3.5
Mgte=[Gev]

iv]

The decay through strong interaction is so suppressed

that the electromagnetic interaction becomes important

I'~10-100KeV

m(J /y)<2 m(D°)

cl

ol

J/v
C
C
_ hadrons
C '~70 KeV
SLAC (e+e-)
SO0 -
2000 ﬁ
| F :' ':
so0 | [
- B ! -
= i P
- 700 F P
| ¥
100 E :
so | il P +
L .
20 b
Im k- 1 1 _
3.10 3.12 3.14

hadronic final state
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Discovery of the J/y

Experimental Observation of a Heavy Particle J7

J. J. Aubert, U. Becker, P. J. Biggs, J. Burger, M. Chen, G. Everhart, P. Goldhagen,

J. Leong, T. McCorriston, T. G, Rhoades, M. Rohde, Samuel C. C. Ting, and Sau Lan Wu
Laboratovy for Nuclear Science and Depaytment of Physics, Massachusetts Institute of Technology,
Cambridee, Massachuseltis 02139

and

Y. Y. Lee
Brookhaven National Labovatovy, Upton, New Yovk 11973
(Received 12 November 1974)

We report the observation of a heavy particle J, with mass m =3.1 GeV and width ap-
proximately zero, The observation was made from the reaction p + Be—e*+e” + x by
measuring the e *e” mass spectrum with a precise pair spectrometer at the Brookhaven
National Laboratory’s 30-GeV alternating-gradient synchrotron,

Discovery of a Narrow Resonance in e * ¢~ Annihilation*

J.-E. Augustin,T A. M. Boyarski, M, Breidenbach, F, Bulos, J. T, Dakin, G. J. Feldman,
G. E. Fischer, D. Fryberger, G. Hanson, B, Jean-Marie,t R. R. Larsen, V, Liith,
H. L. Lynch, D, Lyon, C. C, Morehouse, J, M, Paterson, M. L, Perl,
B. Richter, P. Rapidis, R. F. Schwitters, W, M, Tanenbaum,
and F, Vanmuceil
Stanford Linear Accelevator Center, Stanford Univevsity, Stanford, California 94305

and

G. S. Abrams, D. Briggs, W. Chinowsky, C. E. Friedberg, G. Goldhaber, R. J, Hollebeek,
J. A, Kadyk, B, Lulu, F, Pierre,§ G, H, Trilling, J, S, Whitaker,
J. Wiss, and J. E, Zipse

Lawrence Berkeley Labovatory and Depaviment of Physics, Univevsity of Califownia, Bevkeley, California 94720

(Received 13 November 1974)

We have observed a very sharp peak in the cross section for e *~ —hadrons, e*e” , and
possibly u7p" at a center-of-mass energy of 3,105+0,003 GeV. The upper limit to the
full width at half-maximum is 1.3 MeV.

o (nb)

70 | SPECTROMETER
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<> explanation of many measurements :
u

cos?8,
cos EB'C

The Charm
mesons
decays

5 H DO’

8
T

- Dominant
0 +
Ll } D% —>n" K Decay mode

EVENTS/(20 Mev/c?)
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