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o reflects eftects of
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Dirac hypothesized :(1937)

(7, o may vary with time 17



Does Alpha vary really and truly?

to measure Alpha in several G years ago, we
observe absorption spectra of QSO:
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Spectra of Hydrogen atom



-Absorptlon spectra are measurble on the Earth:
oSO with 1= Lyw, Ly, etc



*Absorption spectra are measurble on the Earth:
wooso, ~ with i = Lya, LyB, etc

e Hubble, Bohr, Dirac:
WZ,QSO — WZ,QSO(Z? @aQSO) — A(Z)Wfab(@aQSO)
where

1
dwla,b (alab) AO&
daap
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— wl(},b(@lab) —I_ ig (@lab)AO{j ’lUlthj A(I — Qf,aQSO — Q{lab

Wi (Qa0s0) = wigy(ap) +



*Absorption spectra are measurble on the Earth:
WaQso with © = Lyw, LyB3 , etc
Hubble, Bohr, Dirac:

a,QSO — WaQso(Z @aQSO) A(Z)wgab(@GQSO)
where

1
dwla,b (alab) AOJ
dovap

t v .r" —_—
wlab(alab) —|_ Eg (Oélah)ACl{, (lL)Lt}L ACY e aaQé"C) — alab

Wiap(Qags0) = wigy(uap) +

A measurable quantity on the Earth:

Waso _ Wiaw(agso) — Wiw(ab) + 59" (qvap) A

ngSO a L’ulab(aaQS()) wfa,b(&mb) + %g} (am’b)AQ

QSO



*Absorption spectra are measurble on the Earth:
WaQso with © = Lyo, Ly, etc
* Hubble, Bohr, Dirac:

a,QSO — WaQso(Z @aQSO) A(Z)wgab(@GQSO)

where
' ' dw;yp(vap)
ultagso) = wlaom) + L
= w?{}l}(alab) + ig%(@lab)AOK; with Ao = NSO — Xab

« A measurable quantity on the Earth:

Wa@so _ Wiw(agso) Wi (uas) + 29" (V) Acx

ngso B L"Jlab(a(l@5()) W'z?ab(@lab) + %Q‘j(alab)ﬁﬂf

Then, cv-variation Aa measured on the Earth

SO ; '
2(35 - Bé?b)wllab(al&b)wljab(@l&b) with Bg@b - Wzab( ap )

QSO

Ao =

G () Wiop (an) — 97 (ap) Wiy (i) Wi ()



Results (1999-2007) Murphy, Webb, etc. PRL

Studied 143 quasar absorption systems.
0.2 < zps < 4.2.
= (L0.5740.11) x 1077

The 134 data points are assigned three
epochs: (pent, et al, PRD (2008))

average of redshift (z) (Aa/a)erpt epoch t
0.65 (—0.29 4+ 0.31) x 107> 6.04Gyr
1.47 (=058 4+0.13) x 107> 9.29Gyr

2.84 (—0.87£0.37) x 107> 11.39Gyr




\ Name : European Extremely Large Telescope (E-ELT)
| Type: optical to mid-infrared telescope

Aperture:42 n
== Start of operations: 2018 (planned)

Science goals:

detection and characterisation of exoplanets,
fundamental physics (e.g., variations of
fundamental constants across cosmic history),
first objects in the Universe and evolution
history of galaxies, black holes (from
solar—-mass to supermassive), and the nature
and distribution of the dark matter and dark
energy which dominate the Universe



Part Il

Extended Special Relativity
(de Sitter SR)

ANNALE OF MATHEMATICE
Vol. 36, No. 3, July, 1935

(1902-1984

THE ELECTRON WAVE EQUATION IN DE-SITTER SPACE

By P. A. M. Dirac
(Received April 16, 1935)

The equations of atomic physies are usually formulated 1n tems of the space-time o the special theory of relativity.

a group. It is of interest to examine the effect of the various transformations
on the physical equations and so to establish a connexion between physics and
the mathematical theory of groups.




Nearly all of the more general spaces have only trivial groups of operations
which carry the spaces over into themselves, so they spoil the connexion be-
tween physics and group theory, There is one exception, however, namely the

de-Sitter space (with no local gravitational fields). This space is associated
Wt & very Interesting group, and so the study of the equations of atomie

physics in this space is of special interest, Trom a mathematical pomn of view.

--Dirac, 1935
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1, de Sitter Special Relativity as
theory beyond Einstein’s SR:

e |[t’s a natural extension of Einstein-SR;

* |It’s a SR In spacetime with constant
curvature 1/R;

e Under Beltrami metric in dS space,enertial
law for free paticle holds;(Lu,Zou,Guo)

o dS-transformation to preserve Beltrami
metric exists; (Lu,Zou,Guo, 1974)

 Langrangian-Hamiltian for dS-SR exists
(Yan, Xiao, Huang, Li, 2007).



2,Lagrangian for dS-SR ( SR.r )
\/B (v (CL) dartdar?

Licr = —moc = —moc\/Buu(:r:):i:H:i;V

dt
where Beltrami metric:
ymy, 1 A ‘1 _ - 1 | "7
B, (r)= + — nony,r r’, with olx)=1-— —n, 2"z
() o(r) Rlo(r)? Il | 2) R
aLcR d aLcR

Solution of Lagrangian eq I TR
IS: . .
¥/ =0, &) = constant.

Indicates inertial law holds!



3,Canonic momenta and canonic
energy (Hamiltonian)

o (9LCR L | i . 1L
T, = yral —moo(x)'B;,2
3
aLCR '
AT .7 Ay . -
H.p = pYr t" — Ler = moco(x)'By,a!
i=1 -
where

, [s 1 S N rtad . . i )2

= ﬁ(""):ﬁ N ﬁ\/(m — Nygrtad ) (1 + %(;I ) 4 2t0)jtid — eIt A s :a;‘” |




Comparing with Einstien SR:

SRC SRCR
space-time metric N Bw(x). (Eq.(3))
Lagrangian L, = —-moc2“/‘1 L.p=-mocto~'T7!

equation of motion|v' = &' =constant, ( or 4 = 0){v" = &' =constant, ( or I' = 0)

canonic momenta mi = =My d" m = —myol B;, 1"

Hamiltonian H. = myeym, i H,p = mocol By, i




4,de Sitter trans to preserve B, ()

;_ y/olo) | -m act—a'y' ~(a%)24 (a,l)z-
t—t = v et -t —a +ﬁa+
co(ax) Jr\/7
L (U(G))’)/ ’ —ﬁcHﬁa —ﬁa a’ct—atat —(a")*+(ah)?
| o(a)+4/0(a)
) 0 _ ol o
P T o
A= Vs




Noether charges:

Noether charges for Lorentz boost : K’ = mole(a’ — ti')
Charges for space — transitions (momenta) : P’y = mol'i’,
Charge for time — transition (energy) :  E.p = moc’T

Charges for rotations in space (angularmomenta) 1 Ljp = €!.1 JPh,
1
= B
pcR — {pcR? pcR} o(x) Y
02
4 2 - 2 2
B2 = mgc' + *pip A 722 (Lir — KZg)




5,Conclusion: From theory view,
E-SR=dS-SR

 Both of them satisy Copernican priciple:

Einstein
SpecialRelativity

de Sitter Special Relativity

e Which one is true for Nature? Answer:
Experiments!



6, dS-Special Relativistic

Quantum mechanics

e Quantizetion: v, m}pp = %[% 7|

- Consider Wyle ordering of (7x), and
(2", ;] = ihd}, i, T =0, i, x;] =0,

the solution iIs

1 1
m, = —thB 10,B%
where £ £

B = det(B,,)



 Classical Dispersion relation
BHVWHW;/ — 771002 :}B 47T B BWBMT B~ 4 — m%cz

then for spinless particle QM-equation:

T M(B‘“”\/_&,)gb mgcng — O‘

For spin-1/2 particle, Dirac eq:

(Ze“va’D moc) ) =0

7
_ ab _
DM o au o Zwu O'a,b, eueyn&b T Buz/a

1 1
ab §(eap8ue?)—€bp3uep) QFP (e” ez—eb)‘eg)

&
|



Part Il

HYDROGEN ATOM IN
EARTH-QSO
REFERENCE FRAME



1, Earth-QSO light cone
B, (Q)Q"QY = 1, QHQ" = 0
AT,

| 0[Earth 5
Q=1{"=ct Q' =ct, Q* =0 ¢ =10}, >
L — {LO = t? Llu LQ: LS}? i O
[ N\ |
ZI??’. — Li _ Qz

T = \/—}71]’1;?333
electron
Q50
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Geometry:

1 2 2
B,W(Q) — n,ul/ +- ﬁnu)\@)\nl/pcgpa BU(Q) — 77’?;9' | RQ 6@15]1
oo 1 nCdLCLd L nabLbLu | O(l/R4)
fo = oR? )T ToRz |
ab 1 arTh b ra 4
Wi’ = (n,L” —n, L") + O(1/R")

M 2R2



2, Dirac eqg for hydrogen atom at
Earth-QSO frame

(iehy" D, ";fw = 0,

where
po=m. (1= 5)

Dl = ;0 — g, —d,gie/ (ch)dp()




Coulomb potential:

” & —4e ,
e (V2 )ﬁ —dr 5(3> X
(@) NB( )= R? ()’ op(r)=—dmpp(u \/ TG w x)
Solution:
¢ o (& rp = \/(531)2 T @22+ (25)?
Torme W= (- @R
By = 1- ed LeLf nwo ?']a.bLbL”
€Ca — 9 RQ 1, 2E)Q

N, LaLb .
hC{B [? (1 — d ;RQ ) ’“/#D‘f ]2?2 na,bL& bL‘uDL l;; 'Qz"/’ — ()



Therefore

o 9 12\ e’
(1 + QRQ) E = {zhca -Vp+ pc™ 3 — (1 + QRQ> -

3, Spectra Energy: Due to dS,

E 1 ct . het
== = ih [_Ot x 0£+2[{2]

C

R2




1 A
ﬁ = ﬁ with A = +£1
A = +1: de Sitter group: SO(4,1)

A = —1: Anti-de Sitter group: SO(3,2)




3’ Adiabatic approximation in QM

Generaﬂy? to a H(x,t), we may express it as H(x,t) = Ho(x) + H'(x,t). Suppose two
s |s) and |m) of Hy(x) do not generate, ie., AE = hw, — w,) = s # 0

The validness of for adiabatic approximation relies on the fact that the variation of the
potential H'(z,t) in the the Bohr time-period (Ang ohr )H’ (2, )ms = (27 s ) H' (2,8 s I8
much less than fw,,s. That makes the quantum transition from state |s) to state |m) almost
impossible. Thus, the non-adiabatic effect corrections are small enough (or tiny) , and the

adiabatic approximations are proper |18.



4, Adiabatic approximation solution
to dS-SR-Dirac spectra equation

via £ = ihd;: above Dirac spectra becomes

thop = H(t) = [Ho(r,e) + H' (1),
62

Hy(r,e) = —ihcd -V + uet3 — — (see eq.(50))

rp
/\ (-.2 tQ

H'(t) = — (232 ) Ho(r,0).

Then Adiabatic app wave function

_;Esy

@'i’(t) = @5’5(1& e [t s Odt)e D
H, ') ms : ¢ B,
I Z . (IL) 2 (egwn 1) @"L’-m,(r; ht; I Q/,t)f)( i [ E L(Q)dg)




¢’ At
it = = L =(l+—]a
where = e ( Qm)
o with a = ;—i
€ = €.

Is adiabatic proper? To examine () :

i / 202t 2 —i(ws—wm )t
H (t)ms‘(m;é <m‘H( )‘ >‘ (m#s = 2 R2 <nm|_|n > S

To estimate |H'(ms/fw? | for s =1, m=2and t ~ 10°Vr, R ~ 102y,

By Borh wave funs:

~ — ~09x 107" << —wOlO << 1
hws3, 720 R2 R? ( )




Hence adiabatic app is hightly accurate!




Or, Compton wave lengta. = i/(m.c)
and Bohr radius a = h*/(m.e*) = a./q,

Aafc (ac)t — U

1]
|
f=

a’C a’C
Aa a; — a \c?t?

a a 2 R?




& t-zrelation:
A CDM model:

: dz’
L= /O H)(+ )

H(Z/) — H()\/Qm()(l -+ Z’)S + 1 — QmOa
100 h =~ 100 x 0.705km - s~ /Mnc.

=
||

0.274.

o
3
-

£
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FIG. 2: The t — 2z relation in ACDM model (eq.(98)).



5,Experiments:Murphy et al: 2004
Dent et al: 2008

e Since
yANe)

Y

= (—0.57 £ 0.11) x 10~

e We have

A= —1
the space-time symmetry for SR g is
anti-de Sitter-SO(3, 2)



TABLE II: Time variations of Aa/a: The first two columns are quoted from [38]. Eq. (82) with

R ~2.73 x 10"y, and the ACDM model’s t — z relation (98) are used.

average of redshift (z) (Aa/a)epp epoch t theory prediction of (82)
0.65 (~0.29£0.31) x 107 6.04Gyr —0.24 x 107
1.47 (~0.58 £0.13) x 107 9.29Gyr —0.58 x 107

2.84 (~0.87£0.37) x 107 11.39Cyr ~0.87x 107
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FIG. 3: The Aa/«a as function of the red shift z.
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When z > 10%, 22(z) is almost independent of
z, 1.e., a-variation ceases in that very hight z region.

lower bound of 22(z) is about ~ —1.3 x 107,

-0.00001265¢

This result coincides with BSBM model [28 30]



eCorrection to dark energy:

o ATStHh:  (FRIBAETH %) ppl35:

Tove aiAa] , 53X B B T — A4 B 2 R AT AT SR A B AT R B Hh . 4
RN NG EF VA EFHI, AT H I AR EW] S
G —F, R — P EAYHER. EMME RN ke, WA
A HE B I HERT. B A ST RERRANTE D, 928 N ARG S S Y
I AaBRF 2L L Z5BE Ot > B A F 0no I BE SR X R E =0T
AL A S B WS BE E B S M Lt O BB E 9200 ML X BT R g PR
F Juts JO -

SEM AR o NI IR B 50, TVE N UR A 598 B,
JRN ERTA B T S . X RE R — 45 s . Sz 50 ] M
UL e (BRI A , TR AT B3 pve , FE BT B HL A BEBE B (0.
5) (B (9. 3))EH.

Z T s E (0T 1A] T 2 A=0. SR Xty , FIB 200 HH Y oo AR
Y ovee N IZAA S , 75 DU SR J2 A A T 45 12 09 HIW7. J5 A &K 552
HE 03X [a] & 75 1 Y. TR 55 R 501 R Y B 9T 35 AR R 4 ot 1 3% R
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let’s discuss the physics meaning of the universal parameter \/R?

in Beltromi metric B, = 1, /a(x)+ 1m0 1PN (R*a(r)?)

* Full Einstein equation:

1 S
R,{w o ,_)EJ,{WR T i\Eﬂ,u.u — _(—4(71{” T ﬁ-‘t-‘-{'a.r:ﬂ,u-u)
o Beltromi metric satspys
1 _
R,u-u — §BJ{H‘JR — ikEB,u.u — 0.
then we have 9\

R?



« Cosmology constant & and corrections:
8:’1 CT

Akeff — Pvac T ﬂiE — *Al((.'fa,‘r‘k energy) + /\E

using A = -1 clﬂd R~ 273 x 1021y
Ap o~ —0.45x 107%em ™

Aers can be estimated by the data in |25]
Aosp 3H2(1 — Qo) >~ 0.138 x 107 cm

[

Therefore
/\(ciafrk enerqy) — /xeff — /\E /xeff(l + 0(10 ))

which 1s a little bit larger than the usual estimations: A(gug energy) = Aefs



6, Conclusion

dS-Dirac eq of hydrogen can be solved
In adiabatic approach;

Cosmic effects on atom levels exist;:

Time-variations of fine construction
const and electron mass are revealed:

Prediction agree with data;

At cosimic scale, de-SR seems more
reliable than Einstein-SR;

More exts/observ are required.



Hydrogen Atom in de Sitter Special Relativity and Time

Variation of Fine-Structure Constant

Mu-Lin Yan*

Abstract

This paper is for solving the de Sitter-Dirac equation for Hydrogen atom. The aim is to ex-
plore cosmology effects in atom physics. It is found out that the fine-structure constant changes
adiabatically along with cosmic time. Thus, the work provides an example that phenomena of
time-variation of fundamental constants can be understood as a well known special relativistic

quantum mechanics effect instead of some unknown mysterious scalar field effects.



Thank You |
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