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WHAT ARE OBSERVABLES IN
PARTICLE PHYSICS?

( W. Heisenberg, 1943)

 “The Lagrangean Field Theory is dead and
should be buried, with all the proper honors
of course.” ( L. Landau, 1960)



“ELASTIC” OBSERVABLES
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Mesonenerzeugung als Stofwellenproblem.
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* Moving nucleon’s spatial structure

Vacuum flyctoations:
Gluons, qyiark-antiquarks
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<b?,>=7?
Often: <b? >=2/3r2
= “protons charge radius” = 0.88 fm
r’, =-6 dF(q?)/dq?|, -,
r2_ = “neutron charge radius” = —0.115 fm?

n

p

Correct option:
<b?,>=2/3(r? -r? ) =0.44 fm? = 11 GeV~*



e <b?> =<b? >+ <b%, > +<p*

« <b?>_..  =<b? >+<b?, >=2-11 GeV?
 Relation to observables

do/dt ~ eBt

2B(s) = <b?>

* B(s) ~ 11 GeV?

critical



Experiment
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B=b=11GeV?ats_;. =~ 110-120 GeV?
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PHypothesis:

Cross-check: mtp collisions
B critical ~ 91 GEV'Z
Happens at p ., = 40-50 GeV



Experiment
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The growth starts at P, = 40-45 GeV



Phere is “true aspmptotics™?

Natural criterium: B >> B
LHC (7 TeV) :
B=20GeVZ=1.8B
B=5B il
corresponds to the energy
50-100 TeV

critical

critical
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Angular Distribmtion of
Clastically SGcatteved JPrvotons

extrapolation to ¢t =10
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Where are other minimae?

e Optical analogy ( Fraunhoffer diffraction)
do/dt ~ {J,( Rq)/q}*

2 = -t
Minimae are situated at (non-zero)zeroes of the Bessel function x

1,2,...
LHC: -t, = 0.5 GeV?2 = X2, /R?

The next minimum should be at
- 1, = -t (X,/%)?= 1.7 GeV?
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Does the interaction region shrinks in the longitudinal direction?
<> = <-id/dp, > = 2p*<d@/dt>, p* ~ V's/2
T=|T[exp(i ¢ (s,t))
do/dt ~ |T|?
Can be the scattering phase observed?



T = (e -in/ZS/SO)OL(t)
o(t) = o(0) + a'(0) t

<X > = A\ 's/2 a'(0)In(s/sy) =
40-50000 fm at Vs =7 TeV
0.5 Angstrem ~ atomic Bohr radius



B
s there any velation to obserbables?

 Fluctuations

<AxII
= 7000 - 2C

Longitudinal range grows with
energy enormously.



* Can we calculate Regge trajectories
perurbatively ?
* Naive expectation:

a(t)=2Xg?"- a,(t)
a(0) =X g?"- a,(0)

a' (0)=2g*"- o' (0)

Renormalization group:
o.(0) does not depend on g?

a' (0) ~ exp(1/B, g°)



TIME?!

°Interaction time
grows with energy
proportionally
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(Arnold Schoenbern)




