D IFFRACTION THEORY

QUANTUM OPTICS ,
AND

HEAVY [ONS

R.J. GLAUBER
HARVARD UNIVERSITY



Nucleay Diffraction Theory
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DIFFERENTIAL CROSS SECTIONS
p+Cu —= Cu +p' 19.3 BeV/c

EXPERIMENTAL POINTS: BELLETTINI ET AL.
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Fig. 20, Elastic, inelastic and summed scatiering calculated by
Kofoed-Hansen-2 for 19.3 GeV/c protons incident on Cu.
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Fig. 21. Elastic, inelastic and summed scattering calculated by
Matthiae for 15.3 GeV/e prc';o.;.g incident on Pb. Experimental
points from Bellettini et al.




"Stripping”

R.Serbey - 1947



Twoe - particle wave function
contains unbounct components

— Ditiraction dissociation
R.G. Phys Rev. 4% 515 (19s$)



1 Particle colliding with A
Inelastic collisions —» pavticle pvod,

A
Ot prod. = § L1 = (1=G, k(b)) } oL

tilr) = Thickness function 4or one nvcleon

= j P[b"}ld.'}
[t ds= |

Prob. {(m inelastic coll.)= Pm - (ﬂ)(qgt)%(l-ﬁ,-“t)“-m

Particle production wmedel:

| port. prock. in $irst collision

M * " second "
M “ " third "
No. of particles prod in n coll = 14p + 4 g
- 1=pM

=4



Let G}uttb) = X
Av, multiplicity = Z P |—_f"
A
I__,‘.E(‘&)*;\: (1=2) (1-p7)
A
-,-..'__.{Lmn-v«--:«':)’pi - (ux -]

r—y-{"“'“"'”x) }

Two limits:
M =0 Av. mult, = |- (!—-xJAa-'Pfob. of at least
one collision

—> “wounded” nucleon model
(B-B-C 76)

M | Av. mult. — Ax = Av. no, of collisions
Courd:i'ng all e?ually



For A Collid{h%\\fith B at imph:t F&va.mzteTE
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For M =0 (Muft% = Npm-t_ (L)
F ._.:,..' (Mulf), —— 2 Ncg”_(b’)

2 Necoll. is the no. of collided nucleons




R. Hanbury Brown + R.Q. Twiss

Intensity interferometry
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Two - photon cilemma
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Some time before the discovery of quantum mechanics people
realized that the connexion between light waves and photons must
be of a statistical character. What they did not clearly realize. how-
ever, was that the wave function gives information about the proba-
bility of one photon being in a particular place and not the probable
number of photons in that place. The importance of the distinction
can be made clear in the following way. Suppose we have a beam
of light consisting of a large number of photons split up into two com-
ponents of equal intensity. On the assumption that the intensity of
a beam is connected with the probable number of photons in it, we
should have half the total number of photons going into each com-
ponent. Ifthe two components are now made to interfere, we should
require a photon in one component to be able to interfere with one in
the other. Sometimes these two photons would have to annihilate one
another and other times they would have to produce four photons.
This would contradict the conservation of energy. The new taeory,
which connects the wave function with probabilities for one photon,
gets over the difficulty by making each photon go partly into each of
the two components. Each photon then interferes only with itself.
Interference between two different photons never occurs.

The association of particles with waves discussed above is not
restricted to the case of light, but is, according to modern thecry,
of universal applicability. All kinds of particles are associated with
waves in this way and conversely all wave motion is associated with
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Laser: very narrow )Jinewidth

HB-T effect for laser ?? 'y
Avgued- No ,nonz! R.G.— PhysRevi3o 63
—> What is cohevence?

0pt1‘r.ixl (ckuudmtt'C) Cohevence: E:g“’iEw

G- {E'n) Eﬁr—'i» faclovizes into £t)€ ('L)

~ Fiyst order cohevence

(m)
Higher order G can also factorize,
(r) &) o e, | 2
e.q. G = (EIE (n EJE(RRIECR) fnto (€ et
~Second ordey coherence

— Wipes out phofon bmncl“-fh%*‘ HB-Teftect



Al C™can $actorize — Full coherence

States that doift: Cohevrent states [«)

~ pecause oy = ox|od)

Any classical (vepredetermined) cwyrent 2?
radiates cohevent states —R.G-PhysRevdd, s\

what 15 curyent ? for a lasey ¢
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Stvong oscillaling polarization
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Quanfum Optics = Photon Statistics



Heavy Ion Collisions

Analysis of boson statistics (,K-) pavalle(s
Q.0. in several ways.(Q.0.now has a large
literature of selved problems,)

e.q. Statistics of Sighal t+ Noise
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MODERN OPTICS

Plm,1) 137"

Q L] o x a3
KUMBER OF PHOTONS
Ige 1. Photon count distributions which sould be messured in various superpesitions of
oherent (gignall and chootic (noise) fields in o single mode. The towml Intensity of the
sl is fixed [or these cases so thaet the average number of pnotons counted ia 20 for
ich superposition. Curve A represenis the distribution for & pure nolse field, Eg. (35
e giher curves represent the distribulions for fields in which the noise and signal com-
nents would separately contribute the following aversge pnoion numbers: Curve B, 10
i noise and 10 from the signal; Curve C, S and 15; Curve D, 2 and 18; Curve E, 0
4 20, respectively, All of these distribotions moy be exprossed in terms of L.qm_:um

wwnomials multiplying the distribution of Eg. {35k Curve E, in particular, is a Poisson
tributlion.




Can there be cohevence in heavy-ion output ?
Simplzﬁt meson Theory: Hint_:jp{n)cp(nt)di'
Gvound state: bound coherent state

g -
']I oY with o~ jP(-’LJﬁL_ JIn

E(k)

T+ po) suddenly vanishes,a cohevent
field excita,tion’glaxg is set fvee.

I+ Po) is suddenly veplaced by avandom
Souyce producing mode excitations X
the field density opevratoy becomes
the supevposition:

J @06 T 1ot ioa + ¥y oLt

The coherenl excitation remains —as a
relic —though it may be swamped.





