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Elementary particles : leptons, quarks, gauge bosons and their interactions

EM interaction

Weak interaction

Strong interaction

❑ «Truly » elementary particles: fermions (leptons and quarks) and gauge bosons 

+ Higgs boson 

❑ Free quarks are not observed, mesons (qq) or baryons (qqq) instead 
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Interactions

Lifetimes (introductory example)

D++ → pp ~ 10-23 s Strong interaction

S0 → Lg ~6 10-20 s
Electromagnetic interaction

p0 → gg ~ 10-16 s

S → np ~10-10 s

Weak interaction
p- → m- n ̅m ~10-8 s

m- → e- n ̅e nm ~10-6 s

n → p e- n ̅e 15 min

Beta decay

Achille : Lifetimes vs. Interactions
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Strong isospin. Rotation group and the SU(2) group

❑ Rotation group: 3 generators Ji

❑ The generators for the rotations constitute an algebra:

❑ These relations define the properties of the group: 

- 2 Ji operators do not commute

- one can define an operator (Casimir operator): non-linear combination of the generators 

which commutes with all generators:

❑ From these two properties: 

- only 2 operators are independent (2 useful quantum numbers)

- usual choice: J2 and Jz

 
1( 1)

     = 0

,

ikl

i k ikl lJ J i J



=

= + − if ikl is a (anti-) cyclic permutation of 1,2,3

in all other cases

2 2 2 2 2

1 2 3      ;      , 0iJ J J J J J = + + = 
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Rotation group and the SU(2) group

❑ In a given representation of the rotations group (tagged by the J2 eigenvalue J), one can 

build the eigenvectors  |j m>

❑ The representation which corresponds to a given value of J is of dimension 2J+1 (m can 

take all values between –J and +J)

❑ One can build all eigenvectors of this representation from one (here |j,m>)  thanks to the 

operators J =JxiJy using the relationships 

❑ Rotation operators are described by unitary matrices of size (2J+1)(2J+1) in the 

standard basis.

Representation of an operator in a basis = a matrix

=> one gets the rotation matrices (unitary matrices, with determinant = +1).

2

3

( 1)       0,1 2,1,...

              = , 1,...,

J jm J J jm J

J jm m jm m J J J

= + =

= − − +

, ( 1) ( 1) , 1

, ( 1) ( 1) , 1

J j m J J m m j m

J j m J J m m j m

+

−

= + − + +

= + − − −
standard basis

Representation of the rotations group:
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Rotation group and the SU(2) group

Example : dimension 2 representation, spin ½ particles

❑ J = 1/2 , J3= -½, +½:  dimension 2 representation of the rotations group called SU(2)

❑ By convention on the eigenstates of Sz (corresponding to J3) are used as a basis:

❑ Kinetic moments operators are :

thus

1 0
             

0 1

0 1 0 0
     

0 0 1 0
S S+ −

   
+ = − =   

   

   
= =   

   

0 1 0 1 0
         

1 0 0 0 1
x y z

i

i
  

−     
= = =     

−     

Pauli matrices

=ˆ
2

i i
S

= Sx+iSy = Sx-iSy
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Rotation group and the SU(2) group

❑ Representations for the rotations group

❑ SU(2) is the fundamental representation of the rotations group: from SU(2) one can build 
all the other presentations (the name SU(2) is used for the rotations group) 

❑ Settings of the representations :

Dimension for the 

representation

J, eigenvalue of J2

1 0

2 1/2

3 1

4 3/2

1/21/2 = 01

1/21/21/2 = (0  1)1/2 = 1/2  3/2

❑ Multiplets can be built from the fundamental mutiplet ½ (dim. 2)

SU(2): corresponds to i  matrices

SO(3): rotations in ordinary space

22 = 13

222 = 24

One usually writes it using dimensions
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Strong interaction for the n-p system, strong isospin definition 

a)  The electric charge Q is conserved in n-p interactions:

pn → pn pn → nn

Qi=Qf never observed

b)  The n-p interactions are charge independent (~1936):

from the strong interaction point of view: pn  pp  nn

(neglecting the electromagnetic interaction)

c) The proton and neutron masses are very similar:

Mn = 939.56 MeV

Mp = 938.27 MeV

Strong interaction does 
not distinguish between 
proton and neutron

→ assume that they are 
identical

Build a model for the n-p system (from the strong interaction point of view) starting

from the 3 following experimental facts :
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Model building for the n-p system

❑ n and p are the two levels of a quantum system 

❑ The eigenvectors are:

❑ The interaction hamiltonian:   Htot = HStrong + HEM

Taking into account the experimental facts:

a) The electric charge is conserved

We first look for the Hermitian operator Q such that Q|n> = 0|n>  and Q|p> = 1|p>

The representation of Q in {|p>,|n>}:

Using , one can write: 

Defines the operator I3 such that: 

In order to have charge conservation one should impose:

0 1
                

1 0
n p

   
   
   

neglected

1 0

0 0
Q

 
=  

 

 = +
3

1ˆ  
2 2

Q
1

= + =
3 3 3

1ˆ ˆ ˆ   ;   
2 2

Q I I
1

3

1 0

0 1


 
=  

− 

[HS,Q]=0

 [HS,3] = [HS,I3] = 0



10Strong interactions Suceava, 10-18/07/2026

Model building for the n-p system

b) Charge independence implication

By analogy with the operators + and – for the spin (S+ and S-) :

Charge independence  H does not change under the action of the operators which 

transform |p> in |n> and |n> in |p>, which are the operators I

One can write:

+ +

− −

 = = 
 

= =  

0
      and    

0

I n p I p

I p n I n

      2

1 2, 0       , , , 0F F F FH I H I H I H I


 =  = = = 

 

( )

( )

 

 

 

+ −

+

−

   
= =   

   

−   
= =   

   

= +

= −

1 2

1 2

1 2

0 1 0 0
    ;        in the space ,

0 0 1 0

0 1 0
   and  

1 0 0

1

2

1

2

I I p n

i

i

I i

I i

   1 2, , 0F FH H  = =

 , 0       1,2,3F iH i = =

The strong interaction is invariant under the symmetry  |n>  |p>. 

This symmetry is SU(2) (generators: i). This is strong isospin symmetry.

Using :

one gets :

 

( )

( )

1 2

1 2

1 2

0 1 0 0
    ;        dans l'espace ,

0 0 1 0

0 1 0
car      et  

1 0 0

1

2

1

2

I I p n

i

i

I i

I i

 

 

 

+ −

+

−

   
= =   

   

−   
= =   

   

= +

= −

With a):

S S SS

SS

S
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Model building for the n-p system

This symmetry also predicts the experimental fact c) :

         

   n p n p

n p

I n p HI n H p I H n H p

m I n m p

m

m p m p

m

+ + +

+

=  =  =

 = 

 =

=

H|p>=m|p>

The H eigenvalue is the mass of |p>

nucleon n    I3=-1/2

p    I3= 1/2

939.56

938.27

Hint= HStrong +      HEM

invariant under 
SU(2)-isospin

SU(2)-isospin is 

broken (small effect)

[HStrong,I]= [HStrong,I3]=0

EM interaction:

❑ depends on the charge 

np  [HEM,I]  0

❑ conserves the charge

[HEM,I3] = 0

= +3  
2

Q I
1

Schematic view of the symmetry :
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Isospin multiplets

mass (GeV)

« spin » J=1/2 J=3/2

1.0

1.2

1.4

1.6

n 

p

S

L



D(1236)

S(1385)

(1530)

W(1627)

Multiplets: «groups» of particles having 

the same quantum numbers (spin, parity)  

roughly the same mass 

but different electric charges

Different values of J 

➔ different masses (due   

to the S.S ; S.L terms…) 

I=1/2

I=0

I=1

I=1/2

❑ Experimentally: isospin is conserved in the p-Nucleons interactions

➔ Extension of the isospin formalism, first to the pion: (p+   p- p0) triplet, isospin 1,

then to all particles undergoing the strong interaction

➔ Mesons and baryons are grouped into isospin multiplets:
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Strong isospin, summary

❑ From the experimental observation |n>  |p>, one introduces a 2-level system similar to 

the spin (same algebra): [HStrong,i] =0

SU(2) is a symmetry group of HStrong (Achille : invariance  symmetry)

This symmetry is called isospin symmetry

❑ {|p>,|n>} generates the isospin space with dimension 2 (I=1/2).

HStrong is invariant wrt rotation in this space.

❑ Isospin conservation works in a way similar to the kinetic momentum J conservation 

(same algebra: [Ji,Jj] = iijkJk).

❑ Mesons and baryons can be grouped into isospin multiplets (I=0, I=1/2, I=1, …)



14Strong interactions Suceava, 10-18/07/2026

Baryonic number, strangeness, flavour-SU(3)

❑ Experimentally one does not see (for any interaction):  pp → mesons or leptons

➔ Hypothesis of new (additive) quantum number: baryonic number

         

         

0

lepton 0

B p p B p p

B n n B n n

B

B

p

= = −

= = −

=

=

...pp mesons→

The « – » sign comes from 

the observation that
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Baryonic number and isospin

= +3    with   
2

,nQ I p
1

Thus the expression Q = I3 + B/2  works also for the π.

3

2

B
Q I= +

n p p+ p0 p-

Isospin: I 1/2 1

I3 -1/2 1/2 1 0 -1

Baryonic number : B 1 1 0 0 0

Charge: Q 0 1 1 0 -1

Writing:
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p+

p−

Bubbles Chamber ~1947

K+

m+

«Kink» in the detector

K+→m+n

K0→p+p− Tracks from L

Tracks from K

Coming p

1955  Walker et al (Berkeley)

p- p →K0L0

Produced in pair

V - Particle

Achille : Strange particles

Abundant production, long lifetime ➔ new quantum number strangeness
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Production and decay of Λ

❑ Production: p- p → K0L0. Cross section ~mb   ➔ strong interaction (pair production of 

the strange particles)

❑ Decay: L0 → pp- and L0 → np0 : t(L0)=2.6 10-10 s 

typical values t(strong) ~10-23 s,  t(EM) ~10-16 s   ➔ weak interaction

-1K ̅0, K−

+1K0, K+

-2, 0

-1L, S, S0

0p, n, p, p0

strangeness (S)particle

Strangeness:

❑ Conserved by strong and electromagnetic interactions

❑ Not conserved by weak interaction

➔ Additive quantum number: strangeness as 

we have just done for the baryonic number

Initial state isospin = L isospin; Pion isospin: 1; Proton isospin: 1/2  ➔ final state isospin: 1/2 or 3/2. 

Hypothesis: it is not a strong interaction process ➔ isospin is violated ➔ slow down the decay which 

occurs via EM interaction

Let’s try I(L)=5/2  I3(L)=5/2, 3/2, 1/2, -1/2, -3/2, -5/2 

I2 is not conserved: isospin partially  

broken but I3 is conserved (the EM 

interaction conserves the electric charge)

The final state can have  I3(pp) = 3/2, 1/2, -1/2, -3/2 

➔ decay via EM interaction is possible … but lifetime.  

Assuming a large isospin value to explain the decay of 

strange particles does not work … 
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Definition of the strange isospin multiplets

By convention one speaks in terms of I3 and hypercharge multiplets

Definition:

The charge of strange hadrons:

The operator hypercharge (Y):

Conserved    by strong and electromagnetic interactions

Conserved

Violated

S - strangeness (not spin) 

Two quantum numbers:  I3 and S ➔ widening of the isospin symmetry

SU(2)  → {I3 , S}  SU(3)

If there is an SU(3) symmetry, the hadrons with similar properties should be grouped 

into SU(3) multiplets. 

by weak interaction
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SU(3) group and flavour SU(3) symmetry

SU(3) group

❑ Set of unitary 3x3 matrices with determinant 1

❑ Group generators: 32 – 1 = 8 independent matrices with a null trace

❑ Only 2 of those matrices are diagonal

= maximum number of commutating generators (the rank of SU(3) is 2).

The 8 generators (sometimes called i) are:

I3 = Q-Y/2 (S→S ; Q→Q)

I  (S→S) (Q→Q1)

Y = B+S (S→S ; Q→Q)

U (Q→Q ; S→S1)

V (Q→Q 1 ; S→S1)

3 matrices

5 matrices

3

1 0 0
1

0 1 0
2

0 0 0

I

 
 

= − 
 
 

3(Notation: « → » : transformation of S or Q under the generators action)

These generators allow to move within a multiplet (see the graphical representation later). 
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Representation and multiplets of SU(3)

❑ There are 2 fundamental representations of SU(3): the triplets 3 and 3̅

For SU(3): 3̅ is not the same representation as 3 (whereas for SU(2): 2=2̅)

❑ Combinations:

333 =18810

333̅ =33615

33̅=18

One should look at it as the sum of  2 spins 

(for example ½  ½ → one singlet and one triplet: 22=13)

❑ Experimentally, for flavour-SU(3):

The baryons are grouped into multiplets of multiplicity 

1 8 10 (obtained from 333)

The mesons are grouped into multiplets of multiplicity

1 8 (obtained from 33̅)

and nothing else 

Writings in terms of 

dimension

½  ½   22

It cannot be 

random  

(see later)
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Representation and multiplets of SU(3)

p- p+p0

1

1 K+

K-

K0

K0

Y

I3

mesons 0-

h h’h predicted

r- r+r0

1 K*+

K*-

K*0

K*0

Y

I3

mesons 1-

w, f

S- S+S0

1 p

-

n

Y

I3

baryons 1/2+

L0

0

S*- S*+S*0

1

*-

D0

Y

I3

baryons 3/2+

W- predicted

*0

D+ D++D-

W-





→


→ 

→ 


→ 

1

1

1

Q Q
U

Q Q
V

S S

S S



→


→ 

( )

( 1
  

)

S S
I

Q Q

Few flavour-SU(3) multiplets 
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The Ω- discovery (1964)

Brookhaven bubble chamber; 

80 000 pictures

0

0

0 0

K p K K

p

p

p

p

− − +

− −

−

→ W

W → 

 → L

L →

W- predicted ➔ probe of the SU(3) model
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In order for the flavour-SU(3) symmetry to be «exact», all particles of a given SU(3) multiplet 

should have the same mass 

Masses for particles in some multiplets:

p 0- 140 MeV

p0 0- 135

K 0- 494

K0, K̅0 0- 498

h 0- 549

h’ 0- 958

r, r0 1- 770

w 1- 783

K* 1- 892

f 1- 1020

p ½+ 938 MeV

n ½+ 940

L ½+ 1160

S+ ½+ 1189

S0 ½+ 1192

S- ½+ 1197

0 ½+ 1315

- ½+ 1321

W 3/2
+

1672

… and it is not the case.
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Hhad =       H0,F         +       dHF +        dHEM

baryons, JP 

mesons, J’P’

strangeness Electric 

charge 

mass 

(MeV)

200

400

600

800

1000

1200

1400

Meson 0-

B=0

SU(3) exact

Baryon 1/2+

B=1



S

L
N

h

K

p

−

0

S−, S0, S+

L0
n
p

h0

K+

K0

p0

p

SU(2) exact 
SU(3) broken SU(2) broken

I3, I (S→S)

conserved by 

strong interaction

[H0F+dHF, i]=0

generators i

U, V (S→S1)

broken by dHF

[dHF, i]0

but [HoF, i]=0

Schematic view of the symmetries
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Strangeness, flavour SU(3), summary

❑ The introduction of a new quantum number S (strangeness) allows to explain 

experimental facts

❑ Change in the charge/isospin relation to accommodate the strangeness operator:

Q = I3 + B/2 + S/2

❑ Widening of the isospin formalism: flavour-SU(3) symmetry (8 generators i)

❑ Ordering of the mesons and baryons in SU(3) multiplets (singlet, octet or decuplet)

❑ This model has predicted new particles (h, W)  which have been found

❑ But this symmetry is not exact (a broken symmetry)

Can we go further?

❑ Looking at 333 = 18810

33̅ = 18

can suggest that the states corresponding to the fundamental representations of SU(3) are    

the hadrons components

Historical trial: {p,n} fundamental representation of SU(2) … it didn’t work 

(the pions are not made of protons and neutrons, the D neither)
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Quarks 

,   ,                   3  

,   ,                   3  

u d s

u d s

u

Y

I3

1/2 1

1/3

2/3

d

s

Y

I3

s

du

Strangeness:

S(u,d)=0

S(s)=-1

Electric charge:

Q(u)=2/3

Q(d,s)=-1/3

Baryonic number:

B(u,d,s)=1/3

Isospin:

I3(u,d)=1/2

I3(s)=0

Fundamental representations

3 3̅
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Multiplets construction for the mesons

❑ The mesons are made of 

❑ For u and d quarks only, combine :

(we are only interested in the isospin)

❑ One gets:

❑ Graphically: 

21q q

( )

( )

3

3

3

3

1, 1

1, 0 1 2

1, 1

0, 0 1 2

I I ud

I I uu dd

I I du

I I uu dd

 = = = −


= = = −


= = − =


= = = +

-1/2 1/2 -1/2 1/2

1(S)+3(A)

This diagram is obtained superposing the 

center of gravity of anti-quark multiplet on 

each quark position

-1/2 1/2

2  2̅ = 1  3

=2

One gets:

1 symmetric state, 

3 anti-symmetric statesQuarks multiplet
Anti-quarks 

mutiplet

I3 I3
I3
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Y

I3

1/2 1

2/3

Include  u,d,s and take into account the hypercharge Y

I3

u

Y

1/2 1

1/3

2/3

d

s

Y

I3

s

d u

3 states I3=0, Y=0: A,B,C

1 singlet, 2 members of the octet

33

18

=

Quarks multiplet Anti-quarks 

mutiplet
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The states with  I3=0, Y=0 of 33̅

❑ The states A, B, C are linear combinations of uu, dd and ss 

❑ The SU(3) singlet should contain the combination which has the same weights for uu, dd 

and ss (as we did for spin):

❑ A is chosen to belong to the triplet (du,A,-ud):

❑ The eigenstates of an Hermitian operator are orthogonal and its eigenvalues are real 

➔ the isospin singlet B has to be orthogonal wrt A and C and is:

( )1

1

3
C uu dd ssh = = + +

( )0 1

2
A uu ddp = = −

( )8

1
2

6
B uu dd ssh = = + −

( )30, 0 1 2I I uu dd= = = +
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Multiplets construction for the baryons: 3  3  3

u

Y

I3

1/2

2/3

1/3
d

s -2/3



u

Y

I3

1/2

2/3

1/3
d

s -2/3

=

+

3 3

6
3

 =

6 3

= +

10

8

=

8 1

+ =

3 3
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2/3

-2/3

-4/3

0

 

uudd

ss

1/2(ud-du)

Adding the third quark :

Y

1

0

Y

-1

-2
sss

ddd uuu

  

For the spin:

2  2  2 

= 4  2  2

S   MS MA

S    MS MA      A

6 symmetric under 2 quarks exchange

3̅ anti-symmetric under 2 quarks exchange

MS and MA  indicate symmetry (S) and anti-

symmetry (A) by exchange of the first 2 quarks

3  3 = 6  3̅

3  3  3 = 10  8  8  1

One can create (flavour-SU(3),SU(2)-spin) categories, e.g.: 

S: (10,4) + (8,2), MS : (10,2) + (8,4) + (8,2) + (1,2), A: (1,4) + (8,2)

One finds back the 3/2+ baryons (S (10,4)), 1/2+ (S (8,2)) but things are getting complicated 
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Quark masses

For the 3/2+ decuplet :

For the 1/2+ octet:

These differences:

142, 145, 153     MeV

123, 202, 177     MeV

Quite different …

Leaving apart those differences, the quark mass difference: ms-mu,d~160 MeV

* * * * ,s u dM M M M M M m m
W D  S S

− = − = − = −

,N s u dM M M M M M m m
 S  L L

− = − = − = −

Averaging by multiplet

sss     dss       dss     uus       uus     udd

dss     uds     dss     uds      uds    udd

SU(3) mutiplets built with quarks as elementary components of the hadrons. 

Can their masses be estimated ?

Assumption: the mass of a hadron is given by the sum of the masses of its components

A. Mass differences



33Strong interactions Suceava, 10-18/07/2026

B. Using uu̅, dd̅, ss̅ states:

( )

( )

( )

( )(4 )

~ 780  MeV

        ~ 1.02  GeV

        ~ 3.1    GeV

    ~ 10.6  GeV

               

~ 390          MeV

        ~ 510          MeV

        ~ 1.6           GeV

        ~ 5            

S

u d

s

c

b

M M uu

M ss

M cc

M bb

m m

m

m

m

w r

f







 GeV

( )

( )

( )

( )(4 )

~ 780  MeV

        ~ 1.02  GeV

        ~ 3.1    GeV

    ~ 10.6  GeV

               

~ 390          MeV

        ~ 510          MeV

        ~ 1.6           GeV

        ~ 5            

S

u d

s

c

b

M M uu

M ss

M cc

M bb

m m

m

m

m

w r

f







 GeV

mu , md  difference:

0p nM M M M M M− + −S  S 
+ + = + +

( ) ( ) ( )0p nM M M M M M+ − −S S  
− = − + −

-1.3 MeV          -8 MeV         +6.4 MeV

-1.6 MeV

➔ md > mu and md  mu + 2 MeV

uud      dds        uss         uus        dss        udd The masses estimated are effective 

masses of bound states (the hadrons). 

They are sometimes called 

constituents masses (not the ones 

appearing in the Lagrangian)
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❑ Measurement of the proton intrinsic magnetic moment :

➔ the proton is not a point-like particle (otherwise g = 2)

❑ Predictions for the proton and neutron intrinsic magnetic moments using the spin of quarks:

p = (uud): uu: S=1, d: S=1/2, and the proton has: S=1/2 and Sz = +1/2

one gets: ( )

( )

1
4

3

1
4

3

p u d

n d u

m m m

m m m

= −

= −

2

3
n

p

m

m
= − Quark model 

prediction

Experimentally one measures: 

mn/mp = -0.68497945(580) 

The quarks exist and  mu  md and qu= -2qd

u u d u u d

1 1 2 1 1 1 1 1
, 1,1 , 1,0 ,

2 2 3 2 2 3 2 2

                       

                 + + -           + - +

u u d u u d

m m m m m m

= − − +

     

+ 

permutations

C. By measuring the magnetic moment

p

Bp
m

e
g

2
)11(7928456.2== mm

Bg Sm m=

if mu=md and qu= -2qd (same g): mu= -2 md
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❑ The  u, d  quark masses from these predictions: 

❑ Similarly the s quark mass can be estimated from the measurement of the Λ magnetic 

moment:

❑ These determinations of the u, d and s quark masses are in agreement with the ones 

obtained using the uu̅, dd̅, ss̅ states

2 2
2.79 340 MeV

3 3 2 2.79

p

u p u

p

me
m

m
m m= =  = =

0.6 510 MeV
2

s s

p

e
m

m
m m

L
= = −  =

Quark model 

prediction
Measurement

➔ mu ~ md and ms > mu , md

SU(2) is a more exact symmetry than SU(3)
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Experimental search for hadron internal structure

Very similar to Rutherford’s experiment :

a particle (assumed to be point-like)  is sent on a composite object. 

Elastic scattering  e-p→ e-p the e- is a point-like particle, what about the proton  ?

2p
 =

k

p q=(k-k’)

e- (k’,E’)

q
e- (k,E)

when E increases,  decreases

 is the distance explored by the electron in the proton
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Mariola : you have to be more precise ... and draw a diagram :

In the e-p system center of mass frame:

At a given s,  decreases if q increases. 

The collisions taking place at large angles explore the proton internal structure.

(Even if s increases, if q ~0, we do not explore the proton internal structure.)

e-(E’,k’)

p

e-(E,k)

g (q)

p

0

2 2

'       'q k k q E E

Q q

= − = −

= −

It is the g which 

explores the proton

( )
( )2 22 2

    -q sin / 2       
sin / 2

s
q s

p p
 q

q
=  

( ) ( )

( ) ( ) ( )

2 22 2

2 2

- ' - ' 2 2 'cos 2 '

2 ' 1 cos 4 'sin / 2  sin / 2       

q p p E E m pp EE

EE EE s

q

q q q

− = − = − − +

 − = =
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p X

Inelastic scattering e-p→ e-X (X=p,n,p,..)

e-

e-

g (q)

2 2

2 2 2( )X p

Q q

W M p q

= −

= = +

SLAC 1969

Evidence for an internal structure:

 increases at large q2 (small )

?

1/q4

Elastic 

scattering
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Quarks, flavour SU(3), summary

❑ The states of the fundamental representations of SU(3): 3 et 3̅ can be interpreted as 

the elementary components of the hadrons: the quarks

❑ Three quarks: u, d, s (non-integer charges)

❑ One can build the mesons and baryons multiplets in SU(3) using a graphical method 

❑ One can estmate their masses (constituent mass)

❑ Experimentally, it was shown that quarks are real and are the internal components of 

the hadrons: 

- measurement of the intrinsic magnetic moment of the proton, 

- elastic and inelastic scatterings


