
	   	   	   	  Status	  of	  the	  theory	  (Langacker	  nota3on)	  
	  
Perturba)ve	  field	  theory	  is	  characterized	  by	  weak	  coupling	  (finite	  higher	  order	  
correc)ons)	  
•  Lagrangian	  of	  a	  field	  theory	  contains	  interac)on	  ver)ces	  

•  Propagators	  describe	  exchanges	  of	  virtual	  or	  unstable	  par)cles	  
•  Feynman	  diagrams	  combine	  Lagrangian	  with	  propagators	  to	  calculate	  
	  	  	  	  	  	  scaAering	  and	  decay	  amplitudes	  
•  Transi)on	  amplitude	  from	  state	  i	  to	  state	  f	  is	  Mfi	  (from	  Feynman	  rules)	  
	  
	  
	  
	  
•  Differen)al	  cross	  sec)on	  for	  2	  -‐>	  2	  	  	  scaAering	  
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Higher	  order	  effects	  in	  QCD	  	  are	  analogous	  to	  those	  in	  QED	  with	  the	  subs)tu)on	  	  
of	  gluon	  for	  a	  photon	  and	  quark	  for	  electron.	  (W,Z	  for	  weak	  processes).	  αs	  ~	  1	  
Examples	  of	  e-‐p	  vertex	  and	  loop	  correc)ons	  	  

e-‐p	  vertex	   vertex	  correc3on	   vacuum	  polariza3on	  
	  	  	  	  (photon	  self-‐energy)	  

electron	  self-‐energy	  

Vacuum	  polariza)on	  leads	  to	  a	  running	  coupling	  constant.	  
In	  QED,	  the	  coupling	  constant	  α	  =	  1/137	  at	  the	  energy	  equal	  to	  the	  mass	  of	  the	  muon,	  
but	  is	  ~1/128	  at	  the	  energy	  of	  Z	  boson.	  
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Feynman	  diagrams	  

Transi)on	  amplitude	  Mfi	  between	  ini)al	  	  |i	  >	  	  and	  final	  |	  f	  >	  state	  .	  
	  
1.	  Draw	  connected	  and	  topologically	  dis)nct	  diagram	  in	  momentum	  space.	  Internal	  
	  	  	  	  	  lines	  correspond	  to	  virtual	  (exchanged)	  par)cles.	  The	  internal	  and	  external	  lines	  meet	  	  
	  	  	  	  	  	  at	  ver)ces	  corresponding	  to	  interac)ons.	  
2.	  There	  is	  a	  factor	  –iκ	  at	  every	  three-‐point	  vertex	  and	  a	  factor	  –iλ	  at	  each	  four	  point	  vertex	  

3.	  For	  each	  internal	  line	  there	  is	  a	  factor	  	  	  	  	  	  

iΔF (k) =
i

k2 −m2 + iε

4.	  Four-‐momentum	  is	  conserved	  at	  each	  vertex	  
Integrate	  over	  each	  internal	  momentum	  with	  a	  factor	  	  	  

d 4k
(2π )4∫



Tree	  level	  diagrams	  for	  a	  Hermi3an	  scalar	  field	  

M fi = 〈p3p4 |M | p1p2 〉

)me	  



•  Homework	  	  -‐	  read	  about	  Feynman	  diagrams.	  
	   	  any	  textbook	  is	  OK	  

•  	  Calculate	  cross	  sec)on	  for	  e+e-‐	  -‐>	  μ+μ-‐	  
	   	   	   	   	  2	  weeks	  	  ?	  



1980	  picture	  of	  hard	  scaAering	  process	  resul)ng	  in	  large	  pT	  	  par)cles	  

2016	  	  today	  we	  have	  Standard	  Model	  and	  we	  can	  calculate	  the	  cross	  sec)on	  for	  a+b	  -‐>	  c+d	  
with	  the	  complete	  precision	  of	  theore)cal	  approach.	  	  
We	  s)ll	  rely	  on	  phenomenology	  	  for	  G	  (pdf)	  and	  F	  (fragmenta)on)	  



	  
In	  absence	  of	  complete	  mathema)cal	  theory	  we	  build	  phenomenological	  “models”	  	  
to	  describe,	  e.	  g,	  how	  partons	  (“real”	  and	  “virtual”	  share	  proton	  momentum	  or	  how	  
a	  colored	  parton	  fragments	  into	  colorless	  observable	  par)cles.	  	  
	  
We	  have	  a	  very	  elaborate	  models	  for	  parton	  distribu)on	  func)ons	  (pdf)	  for	  a	  proton	  	  
but	  these	  always	  must	  be	  adjusted	  to	  fit	  data	  at	  new	  energies.	  We	  do	  not	  have	  any	  	  
knowledge	  of	  a	  pdf’s	  for	  π	  or	  K	  mesons.	  	  	  
	  
The	  fragmenta)on	  func)ons	  are	  based	  not	  on	  any	  fundamental	  theore)cal	  
principle	  but	  on	  a	  picture	  of	  colored	  strings	  between	  the	  partons	  that	  break	  at	  	  
a	  certain	  tension	  (Lund	  model).	  The	  color	  strings	  are	  somehow	  confined	  in	  the	  	  
forma)on	  of	  the	  observable	  hadrons.	  The	  picture	  is	  adjusted	  to	  fit	  the	  data	  from	  e+e-‐	  
annihila)ons	  into	  pairs	  of	  quarks	  and	  has	  been	  verified	  only	  up	  to	  the	  ½	  of	  the	  	  
LEP	  energy	  of	  ~60	  GeV.	  Most	  of	  the	  “tuning”	  of	  this	  picture	  is	  due	  to	  tension	  between	  
the	  ability	  of	  theory	  to	  calculate	  effects	  of	  radia)on	  from	  first	  principles	  	  and	  the	  	  
fragmenta)on	  picture	  that	  also	  includes	  radia)on.	  It	  is	  easy	  to	  generate	  double	  	  
coun)ng	  when	  merging	  QCD	  with	  fragmenta)on	  picture	  	  



	   	   	   	   	   	   	  Problems	  
For	  the	  past	  several	  years	  you	  have	  heard	  triumphant	  statements	  about	  
successes	  of	  the	  Standard	  Model.	  It	  true	  that	  Higgs	  boson	  was	  a	  necessary	  
component	  of	  the	  model	  and	  so	  far	  it	  looks	  that	  what	  we	  have	  found	  matches	  its	  
expected	  proper)es.	  	  The	  elegance	  of	  the	  SM	  relies	  on	  the	  fact	  that	  a	  general	  
symmetry	  group	  of	  the	  Theory	  of	  Everything	  can	  be	  broken	  into	  pieces	  and	  SM	  can	  
be	  nicely	  iden)fied	  with	  one	  of	  those.	  Unfortunately	  there	  is	  an	  infinite	  number	  of	  
ways	  that	  TOE	  can	  be	  broken.	  	  
There	  are,	  however,	  many	  problems	  that	  have	  not	  been	  resolved,	  were	  swept	  under	  
the	  rug	  or	  are	  treated	  with	  silence	  as	  a	  mésalliance	  in	  royal	  family.	  The	  two	  most	  
obvious	  are:	  

	  The	  mass	  of	  the	  neutrino	  
	  The	  strong	  CP	  problem	  

Both	  invoke	  solu)ons	  that	  generate	  problems	  for	  the	  Standard	  Model	  and	  indicate	  
that	  Standard	  Model	  is	  incomplete.	  
In	  addi)on	  there	  is	  a	  long-‐standing	  problem	  that	  is	  much	  more	  general	  that	  just	  for	  
our	  field:	  
The	  theory	  of	  general	  rela)vity	  (100	  years	  old	  this	  year)	  has	  not	  been	  made	  
consistent	  with	  quantum	  mechanics	  and	  so	  far	  quantum	  theory	  of	  gravity	  has	  not	  
been	  yet	  achieved.	  Fortunately	  the	  cosmology	  is	  not	  yet	  the	  stage	  that	  detailed	  
quan)ta)ve	  tests	  can	  be	  possible.	  
	  
	  
	  



Neutrinos 
A puzzle in β – decay: the continuous electron energy spectrum 

First measurement by Chadwick (1914) 

Radium E: 210Bi83
(a radioactive isotope 
 produced in the decay chain 
 of 238U) 

If  b – decay is (A, Z) -> (A, Z+1) + e–, then the emitted electron is mono-energetic: 
             electron total energy E = [M(A, Z) – M(A, Z+1)]c2

(neglecting the kinetic energy of the recoil nucleus  ½p2/M(A,Z+1) << E) 

 Several solutions to the puzzle proposed before the 1930’s (all wrong), including 
 violation of energy conservation in b – decay 



December 1930: public letter sent by W. Pauli to a physics meeting in Tübingen 

                                                                                                               Zürich, Dec. 4, 1930 
Dear Radioactive Ladies and Gentlemen, 
...because of the “wrong” statistics of the N and 6Li nuclei and the continuous b-spectrum, 
 I have hit upon a desperate remedy to save the law of conservation of energy. Namely, 
the possibility that there could exist in the nuclei electrically neutral particles, that I wish 
to call neutrons, which have spin ½ and obey the exclusion principle ..... The mass of the 
neutrons should be of the same order of magnitude as the electron mass and in any event 
not larger than 0.01 proton masses. The continuous b-spectrum would then become 
understandable by the assumption that in b-decay a neutron is emitted in addition to the 
electron such that the sum of the energies of the neutron and electron is constant. 
....... For the moment, however, I do not dare to publish anything on this idea ...... 
So, dear Radioactives, examine and judge it. Unfortunately I cannot appear in Tübingen 
personally, since I am indispensable here in Zürich because of a ball on the night of 
6/7 December. .... 
                                                                                                W. Pauli  

NOTES 
§  Pauli’s neutron is a light particle -> not the neutron that will be discovered by Chadwick 
   one year later  
§  As everybody else at that time, Pauli believed that if radioactive nuclei emit particles, 
   these particles must exist in the nuclei before emission  



	   	   	   	   	   	   	  Chirality	  in	  physics	  
	  
In	  mathema)cs,	  chiral	  phenomenon	  is	  one	  that	  is	  not	  iden)cal	  to	  its	  mirror	  image.	  
In	  par)cle	  physics	  spin	  of	  a	  par)cle	  is	  used	  to	  define	  handedness	  (helicity).	  
For	  massless	  par)cle	  handedness	  is	  the	  same	  as	  chirality.	  
The	  symmetry	  transforma)on	  between	  the	  two	  is	  called	  parity.	  
	  
Helicity	  of	  a	  par)cle	  is	  right-‐handed	  if	  the	  direc)on	  of	  its	  spin	  is	  the	  same	  as	  the	  
direc)on	  of	  its	  mo)on.	  	  
Mathema)cally,	  helicity	  is	  the	  sign	  of	  the	  projec)on	  of	  the	  spin	  vector	  onto	  the	  
momentum	  vector.	  
	  
	  

The chirality of a particle is more abstract. It is determined by whether the particle transforms in a right- or left-
handed representation of the Poincaré group. (However, some representations, such as Dirac spinors, have both
right- and left-handed components. In cases like this, we can define projection operators that project out either
the right or left hand components and discuss the right- and left-handed portions of the representation.)

For massless particles—such as the photon, the gluon, and the (hypothetical) graviton—chirality is the same as
helicity; a given massless particle appears to spin in the same direction along its axis of motion regardless of
point of view of the observer.

For massive particles—such as electrons, quarks, and neutrinos—chirality and helicity must be distinguished. In
the case of these particles, it is possible for an observer to change to a reference frame that overtakes the
spinning particle, in which case the particle will then appear to move backwards, and its helicity (which may be
thought of as 'apparent chirality') will be reversed.

A massless particle moves with the speed of light, so a real observer (who must always travel at less than the
speed of light) cannot be in any reference frame where the particle appears to reverse its relative direction,
meaning that all real observers see the same chirality. Because of this, the direction of spin of massless particles
is not affected by a Lorentz boost (change of viewpoint) in the direction of motion of the particle, and the sign
of the projection (helicity) is fixed for all reference frames: the helicity of massless particles is a relativistic
invariant (i.e. a quantity whose value is the same in all inertial reference frames).

With the discovery of neutrino oscillation, which implies that neutrinos have mass, the only observed massless
particle is the photon. The gluon is also expected to be massless, although the assumption that it is has not been
conclusively tested. Hence, these are the only two particles now known for which helicity could be identical to
chirality, and only one of them has been confirmed by measurement. All other observed particles have mass and
thus may have different helicities in different reference frames. It is still possible that as-yet unobserved
particles, like the graviton, might be massless, and hence have invariant helicity like the photon.

Chiral theories
Only left-handed fermions interact with the weak interaction. In most circumstances, two left-handed fermions
interact more strongly than right-handed or opposite-handed fermions, implying that the universe has a
preference for left-handed chirality, which violates a symmetry of the other forces of nature.

Chirality for a Dirac fermion ψ is defined through the operator γ5, which has eigenvalues ±1. Any Dirac field
can thus be projected into its left- or right-handed component by acting with the projection operators (1−γ5)/2
or (1+γ5)/2 on ψ.

The coupling of the charged weak interaction to fermions is proportional to the first projection operator, which
is responsible for this interaction's parity symmetry violation.



Mirror reflection 
Mirror reverses forward-backward direction while maintaining the  
two other axes. It reverses left and right but not up and down  

DISCRETE SYMMETRIES 



1956 C.S. Wu experiment   - decay of polarized Co(60) 

In the mirror image of the process –spin points downwards but 
    electrons are still emitted upwards –in the direction opposite to spin 
 
Radioactive decays (weak interactions) maximally violate parity P 

Beta decay of Cobalt(60) – electron emitted in the direction of  
  the nuclear spin 

	  



1956: Suggestion (by T.D. Lee and C.N. Yang) 
          Weak interactions are NOT  INVARIANT under Parity  

p+ ->  m+ + n  decay 

Parity invariance requires that the two states  

p+ n

n spin 

m+ 

m spin 
A 

p+ n

n spin 

m+ 

m spin 
B 

must be produced with equal probabilities  ->  the emitted m+ 

is not polarized 

Experiments  find  that the m+ has full polarization opposite to 
the momentum direction    ->    STATE  A   DOES NOT EXIST  
à MAXIMAL  VIOLATION  OF  PARITY  INVARIANCE 



	   	   	   	   	   	   	  Neutrino	  mass	  
	  
	  
Since	  the	  series	  of	  measurements	  star)ng	  with	  polarized	  Co60	  decays	  observed	  by	  
Wu	  showed	  that	  neutrinos	  are	  always	  leu	  handed	  it	  was	  assumed	  un)l	  few	  years	  ago	  	  
that	  neutrinos	  are	  massless.	  	  
	  Goldhaber,	  Grodins	  and	  Sunyar	  (1958)	  measured	  the	  handedness	  by	  studying	  
europium-‐152	  nucleus	  capturing	  an	  atomic	  electron.	  	  
The	  europium	  152	  underwent	  inverse	  beta	  decay	  to	  produce	  unstable	  samarium	  152	  
and	  a	  neutrino/	  Samarium	  then	  decayed	  by	  emixng	  a	  gamma	  ray.	  With	  a	  nucleus	  at	  
rest	  and	  the	  emission	  of	  gamma	  ray	  and	  a	  neutrino	  back-‐to-‐back	  their	  handedness	  
must	  be	  the	  same	  to	  conserve	  angular	  momentum.	  
	  
The	  neutrinos	  were	  always	  leK-‐handed.	  
	  
For	  massive	  object	  moving	  with	  velocity	  less	  than	  c	  and	  observer	  could	  overtake	  the	  
object	  and	  would	  see	  it	  moving	  in	  opposite	  direc)on,	  i.e.	  the	  leu-‐handed	  spin	  would	  
appear	  right-‐handed.	  The	  right-‐handed	  neutrino	  has	  never	  been	  observed.	  
	  
The	  absence	  of	  observa)on	  of	  right-‐handed	  neutrino	  led	  to	  assump)on	  that	  the	  
neutrinos	  have	  zero	  mass	  and	  that	  the	  right-‐handed	  neutrinos	  do	  not	  exist.	  
	  
	  
	  



	   	   	   	   	   	   	  Neutrino	  mass	  
	  
The	  problem	  of	  neutrino	  mass	  arose	  with	  several	  observa)ons:	  
•  In	  1987	  there	  was	  an	  op)cal	  observa)on	  of	  a	  supernova	  explosion	  some	  150000	  

light-‐years	  away	  in	  Large	  Magellanic	  Cloud	  (nearest	  neighbor	  to	  our	  galaxy).	  Two	  
large	  volume	  water	  Cerenkov	  detectors	  -‐	  Kamiokande	  in	  Japan	  and	  IMB	  in	  Ohio	  
observed	  a	  group	  o	  ~20	  	  neutrino	  events	  that	  seemed	  	  correlated	  in	  direc)on	  with	  
that	  supernova,	  but	  came	  	  full	  three	  hour	  later	  than	  the	  light	  from	  the	  explosion.	  
That	  indicated	  a	  very	  small	  but	  non-‐zero	  mass	  of	  the	  neutrino.	  

•  Most	  of	  the	  energy	  of	  a	  star	  (including	  our	  Sun)	  is	  carried	  out	  by	  the	  electron	  
neutrinos.	  Several	  experiments	  star)ng	  with	  Davis’	  20	  years’	  search	  showed	  that	  
the	  flux	  of	  these	  neutrinos	  arriving	  on	  Earth	  is	  about	  half	  of	  that	  expected	  from	  the	  
Solar	  Model.	  That	  can	  be	  explained	  by	  the	  neutrino	  oscilla)on	  –	  a	  transforma)on	  
of	  the	  electron	  neutrino	  into	  a	  muon	  neutrino.	  The	  energy	  of	  the	  neutrino	  
produced	  in	  the	  Sun	  is	  smaller	  than	  that	  needed	  to	  produce	  muon	  so	  the	  muon	  
neutrino	  does	  not	  interact	  with	  a	  detector.	  Only	  electron	  neutrino	  interact	  
producing	  detectable	  electron.	  Such	  oscilla)ons	  require	  neutrino	  to	  have	  non-‐ero	  
mass.	  



	   	   	   	   	   	   	  Neutrino	  mass	  
	  
In	  general,	  the	  Standard	  Model	  provides	  a	  mechanism	  for	  par)cles	  to	  acquire	  mass	  
through	  interac)ons	  with	  Higgs	  boson.	  Higgs	  boson	  has	  spin	  zero	  thus	  is	  neither	  	  
leu-‐handed	  nor	  right-‐handed.	  Quantum	  Field	  Theory	  plus	  Lorenz	  invariance	  shows	  
that	  a	  par)cle	  interac)on	  with	  Higgs	  boson	  results	  in	  a	  leu-‐handed	  par)cle	  becoming	  
right-‐handed	  and	  then	  leu-‐handed	  auer	  the	  second	  interac)on	  with	  Higgs	  and	  so	  on.	  
The	  frequency	  of	  such	  interac)ons	  is	  propor)onal	  to	  par)cle	  mass.	  
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rinos. These neutrinos interact with atomic nuclei in the
water to produce electrons, muons or tau leptons that travel
faster than the speed of light in water to produce a shock wave
of light called Cerenkov radiation. This radiation can be
detected by sensitive photomultiplier tubes surrounding the
water tank.

From these signals, the SuperKamiokande team could also
determine the directions from which the neutrinos came.
Since the Earth is essentially transparent to neutrinos, those
produced high in the atmosphere on the opposite side of the
planet can reach the detector without any problems. The
team discovered that about half of the atmospheric neutrinos
from the other side of the Earth were lost, while those from
above were not. The most likely interpretation of this result is
that the muon neutrinos converted or “oscillated” to tau neut-
rinos as they passed through the Earth. SuperKamiokande is
unable to identify tau neutrinos. The particles coming from
the other side of the Earth have more opportunity to oscillate
than those coming from above. Moreover, if neutrinos con-
vert to something else by their own accord, we conclude that
they must be travelling slower than the speed of light and
therefore must have a mass.

SuperKamiokande was also used to monitor solar neut-
rinos. The fusion reactions that take place in the Sun only
produce electron neutrinos, but these can subsequently oscil-
late into both muon and tau neutrinos. Though the experi-
ment was able to detect the solar neutrinos, it was unable 
to distinguish between the different neutrino types. In con-
trast, the Sudbury Neutrino Observatory (SNO) in Canada
can identify the electron neutrinos because it is filled with
“heavy water”, which contains hydrogen nuclei with an extra
neutron. Small numbers of electron neutrinos react with the
heavy-hydrogen nuclei to produce fast electrons that create
Cerenkov radiation (figure 1).

By combining the data from SuperKamiokande and its own
experiment, the SNO collaboration determined how many
muon neutrinos or tau neutrinos were incident at the Japan-
ese detector. The SNO results also provided further evidence
for neutrino mass and confirmed that the total number of
neutrinos from the Sun agreed with theoretical calculations.

The implications of neutrino mass are so great that it is 
not surprising that particle physicists had been searching 
for direct evidence of its existence for over four decades. In
retrospect, it is easy to understand why these searches were
unsuccessful (figure 3). Since neutrinos travel at relativistic
speeds, the effect of their mass is so tiny that it cannot be
determined kinematically. Rather than search for neutrino
mass directly, experiments such as SuperKamiokande and
SNO have searched for effects that depend on the difference in
mass between one type of neutrino and another.

In some respects these experiments are analogous to inter-
ferometers, which are sensitive to tiny differences in frequency
between two interfering waves. Since a quantum particle can
be thought of as a wave with a frequency given by its energy
divided by Planck’s constant, interferometry can detect tiny
mass differences because the energy and frequency of the
particles depend on their mass.

Interferometry works in the case of neutrinos thanks to the
fact that the neutrinos created in nuclear reactions are actu-
ally mixtures of two different “mass eigenstates”. This means,
for example, that electron neutrinos slowly transform into 
tau neutrinos and back again. The amount of this “mixing” is

quantified by a mixing angle, θ. We can only detect interfer-
ence between two eigenstates with small mass differences if
the mixing angle is large enough. Although current experi-
ments have been unable to pin down the mass difference and
mixing angle, they have narrowed down the range of possi-
bilities (figure 4).

Implications of neutrino mass
Now that neutrinos do appear to have mass, we have to solve
two problems. The first is to overcome the contradiction be-
tween left-handedness and mass. The second is to understand
why the neutrino mass is so small compared with other parti-
cle masses – indeed, direct measurements indicate that elec-
trons are at least 500 000 times more massive than neutrinos.
When we thought that neutrinos did not have mass, these
problems were not an issue. But the tiny mass is a puzzle, and
there must be some deep reason why this is the case.

Basically, there are two ways to extend the Standard Model
in order to make neutrinos massive. One approach involves
new particles called Dirac neutrinos, while the other ap-
proach involves a completely different type of particle called
the Majorana neutrino.

The Dirac neutrino is a simple idea with a serious flaw. Ac-
cording to this approach, the reason that right-handed neut-
rinos have escaped detection so far is that their interactions are
at least 26 orders of magnitude weaker than ordinary neut-
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(a) According to the Higgs mechanism in the Standard Model, particles in the
vacuum acquire mass as they collide with the Higgs boson. Photons (γ) are
massless because they do not interact with the Higgs boson. All particles,
including electrons (e), muons (µ) and top quarks (t), change handedness
when they collide with the Higgs boson; left-handed particles become 
right-handed and vice versa. Experiments have shown that neutrinos (ν) are
always left-handed. Since right-handed neutrinos do not exist in the Standard
Model, the theory predicts that neutrinos can never acquire mass. (b) In one
extension to the Standard Model, left- and right-handed neutrinos exist.
These Dirac neutrinos acquire mass via the Higgs mechanism but 
right-handed neutrinos interact much more weakly than any other particles.
(c) According to another extension of the Standard Model, extremely heavy
right-handed neutrinos are created for a brief moment before they collide with
the Higgs boson to produce light left-handed Majorana neutrinos.

a

b

c

Extensions	  od	  the	  Standard	  Model	  with	  Dirac	  
right	  handed	  neutrinos	  	  
-‐	  right-‐handed	  W	  is	  heavy	  and	  has	  weak	  coupling,	  	  
1026	  weaker	  then	  with	  ordinary	  neutrino	  	  
-‐Arkani-‐Hamed,	  Dimopoulos,Dvali	  –	  superstring	  	  
theory	  –	  right-‐handed	  neutrinos	  may	  move	  in	  extra	  
dimensions	  while	  all	  other	  par)cles	  do	  not	  

Majorana	  neutrinos	  –	  are	  their	  own	  an)par)cles.	  	  
The	  leu-‐handed	  neutrino	  interac)ng	  with	  Higgs	  	  
produces	  a	  very	  heavy	  right-‐handed	  allowed	  by	  	  
Heisenberg	  uncertainty	  principle.	  That	  one	  interacts	  	  
right	  away	  with	  Higgs	  producing	  another	  leu-‐handed	  
	  state.	  


