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at High Energy
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What Are Fundamental Constants?

Cosmic Accidents’
Determined by Dynamics?
Changing in Time?
Given by Self-Consistency?
Calculable?
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Quantum Field Theory
o = function of scale (energy)

Quantum—fluctuations of fields
(e*e—pairs)

+ 1

e"e™: dipoles with size m

— partial screening of bare charge

of electron at distances > m .

a = (137, .. .)—1 — Oloff (W@

Ceff v(q2> = - ]
1 — %ln (A%%g)




Renormalization—Group:

d

dlﬂ(g/M) é(q; 67") = <é>
e(M;er) = e
o
QED : Ble) = 5 + 0 (65)

| High Energy:
T T gg, WIW T

o

' 1272

Ble) = neg + ...

LEp

a(200GeV) = (127)7 1 (~ 10% larger).

a (M) = (127.8)
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Originally it was assumed:
1/00=137
(integer!)
Philosophy and numerology:
Eddington: 137 > 136 = Nr of

’. L{_f_’——/—é-#(é:[gé
2z

charged objects «'-

 Pauli (1958): Nr 137..cccucueee...

o [ ederrmarn: 137 Folu Road Tl
;\J Feynman: 137

eismmew



Heisenberg (~30...):

—4 -3
oa=2"3"r
= 1/137.6...
Wyler (1971) 1/4
lppm 9 / 72'5 \

O =

87 \245!/
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Fermion Masses: Arbitrary

m, =0.511MeV =0.0000021¢246GeV =

— 1 020 PPA Qccuracy (—)‘ guan/um o/’/;CS)
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Sample Methed Nab,  Redshift Aafa

Fell/Mgll MM 28 05<z<1.8 -0.70%0.23
Nill/Crll/Znll MM 21 18<z<3.5 —0.76+0.28
Silv AD 21 20<z2<30 -05+1.3

2lcm/mm radio 2 0.25,0.68  —0.10+£0.17

"TABLE I: Summary of results for 4 independent samples.

Values of Aa/a are weighted means in units of 107°. MM ‘

and AD indicate “many-multiplet” and “alkali-doublet”. N,p,
is the number of absorption systems in each sample. -
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Fractional laok—back time

FIG. 1. Ax/e vs. fractional lock-back time to the Big Bang.
The conversion between redshift and look-back time assumes
Ho = 68 km/s/Mpc, (Qu,Qa) = (0.3,0.7), so that the age
of the universe is 13.9 Gyr. 72 quasar absorption systems
contribute to this binned-data plot. The hollow squares cor-
respond to two HI 21lcm and molecular absorption systems
(16]. Those points assume no change in gp, so should be in-
terpreted with caution. The 7 solid circles are binned results
for 49 quasar absorption systems. The lower redshift points
(below z = 1.6) are based on (Mgll/Fell) and the higher red-
shift points on (Znll, Crll, Nill, Allll, AL, Sill) {13]. 28 of
these 49 systems correspond to the sample used in {4]. The
hollow triangle represents the average over 21 quasar SilV
absorption doublets using the alkali doublet method [14].

/3.9 Gyr
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The Oklo Phenomenon

1.8 billion years back
River Oklo

@ .
Gabfn, W-Africa

Natural reactor

High concentration of U

Natural enrichment of U235
(3% about 2bn yrs. ago, 0.7% today)

Low concentration of n absorbers
Critical size

Moderator (25% C, 75% Water)

Not commissioned by DOE ~ NRC

but operated for ~ 100 Mio years.



Strong n-absorbers found only in small quantities — reactor activity
Sm EuSl  GD!® G4l

Shlyakhter (waukmp )
— Damour, Dyson (96)
Neutron capture

Sm'¥ + n- Sm!? + %

thermal x-section

!

DD  57kb < &,<93 kb

Large x-section: resonance just above threshold

E =0.0973 eV



Resonance position:

affects strongly x-section

time shift?

A=E r(Oklo) -FE . (now)

-0.12eV< A<0.09eV

H — Hnucl +vHelm
l
2 -1
e” > (Coulomb)
a,b
o dEr —({1,09£0.09) MeV
dao
Bethe-Weizsicher: -1.14 MeV

0.90107 < 0‘<0’dog“ anowl 1 54107
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