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De Sitter Invariant
RECCRlE S ~  De Sitter Invariant

Einstein's Special Relativity (E-SR) is the cornerstone; = = e
of physics. De Sitter invariant SR (dS/AdS-SR) is s pec I a I Re I athIty
a natural extension of E-SR, hence it relates to the >

foundation of physics. This book provides a description

to dS/AdS-SR in terms of Lagrangian-Hamiltonian

formulation associated with spacetime metric of inertial

reference frames. [ [

|
One of the outstanding features of the“book‘ is as
follows: All discussions on SR are in |the ineftial
reference frames. This is a requirement due to the first
principle of SR theory. The descriptions on dS/AdS-
SR in this book satisfy this principle. For|the curved
spacetime in dS/AdS-SR theory, it is highly! non—t[ivial.

Mu-Lin Yan

N\

AN

World Scientific ) \
www.worldscientific.com \\.e T S o
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Hd Legma:
De Sitter Invariant Special Relativity:

Einstein’s Special Relativity (E-SR) is one of the cornerstones of
the modern physics.
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De Sitter Invariant Special Relativity:

Einstein’s Special Relativity (E-SR) is one of the cornerstones of
the modern physics.When the Einstein’s cosmological constant
A is non-zero in spacetime, E-SR will naturally become De Sit-

ter Invariant SR (dS/AdS-SR). Hence it is essentially related
to the foundation of physics.
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De Sitter Invariant Special Relativity:

Einstein’s Special Relativity (E-SR) is one of the cornerstones of
the modern physics.When the Einstein’s cosmological constant
A is non-zero in spacetime, E-SR will naturally become De Sit-
ter Invariant SR (dS/AdS-SR). Hence it is essentially related
to the foundation of physics. This book provides a description
of dS/AdS-SR in terms of Lagrangian-Hamiltonian formulation
with spacetime metric of inertial reference frames.
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3 L& R
De Sitter Invariant Special Relativity:

Einstein’s Special Relativity (E-SR) is one of the cornerstones of
the modern physics.When the Einstein’s cosmological constant
A is non-zero in spacetime, E-SR will naturally become De Sit-
ter Invariant SR (dS/AdS-SR). Hence it is essentially related
to the foundation of physics. This book provides a description
of dS/AdS-SR in terms of Lagrangian-Hamiltonian formulation
with spacetime metric of inertial reference frames.

One of the outstanding features of the book is that all descrip-
tions of SR are in the inertial reference frames. This is a require-
ment due to the first principle of SR theory. The descrip- tions
of dS/AdS-SR in this book satisfy this principle. It is highly
non-trivial for the curved spacetime in dS/AdS-SR theory.
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VB B X K eI

de Sitter R Z A AT 2 EinsteinF & 5 % AR AH X = F 695k

XA, B4, REXIHF—NLTERTRANGLGTRELT Z

&f’z Kwm b5 MG, 4058 < R Ede Sitter I Z ik X AR £
PEASEMBE R b Ly, EXFAH /):L‘F , — A AP X Lde

SltteerXﬁElXT‘/‘ﬁ'J EMARREEZN, AREAEZEXIRNPNI

M, EEL5FHLHK:

1, P.A.M. Dirac, The electron wave equation in de-Sitter space, Annals of Mathematics, 35, 657 (1935)

2, K.H. Look (Q.K. Lu), C.L. Tsou ( Z.L. Zou) and H.Y. Kuo, ( H.Y. Guo), 1974, * Motion effects and

cosmologic red-shift phenomenons in classical domain space-time”, Acta Physica Sinica, 23 (1974) 225

(in Chinese)

3, A.G. Riess, et al., “ Observational evidence from supernovae for an accelerating universe and a

cosmological constant”, Astro. J. 116 1009 (1998): S. Perlmutter , et al., “Measurements of Omega

and Lambda from 42 high redshift supernovae”,  Astro. J. 517, 565 (1999) [astro-ph/9812133]

4, Yan, M.L., Xiao,N.C., Huang,W., Li,S., 2005, “ Hamiltonian Formalism of de-Sitter Invariant Spe-

cial Relativity” Commun. Theor. Phys. (Beijing, China) 48, 27 (2007), hep-th/0512319.
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1, AR T4 6 A AR KAt

1, XAt NWEITHAETWFES. (EARLE Y, ZENHEA
%2 Einstein 7 #2; A wA-TEIRMIEg); BFIE)-= 8 LA & KxTARME. )

2, T X AN W RIEFh A N2 JUAT (Einstein 742 ) , W= I R
B (BEEFFE. THERGHAT) .
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2, — M)A
i, HEinstein F & 3% HA
#,

{n"'} =

S % B A % Einstein 7 4289: (AL M HE S TAE;, HERITHMBNTE

K)
1

(1

\ 0

0
—1

0

0

0 0)
0 0
-1 0
0 -1 )

Y

1

Ry — =9wR+Aguw = Ry — =9 R = 0.

2

2

< >S&E>> OO0 o

0 B, B &3 AasTE 0 2 JUAT 89 Minkowski &

(1)

(2)

B O P
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2, —~9)A:
i, YEinstein F & F% &N = 0 i, B 23 48580 % JUT 89 Minkowski
)i 4
(1 0 0 0)
" 0 -1 0 0
("} = (3)
0 0 -1 0
\0 0 0 -1/

R it A% Einstein 7 A249:  ( Lk RIRME S A, HERATARK =&
R)

1 1
Ruv — 59/1,1/72 + Aguy = Ry — §g/wR = 0. (4)

ii, /2%, LEinstein FHFFHA £ 0 B, ERLEHRA! IR T —A
o fek: i @ Einstein 3 X A% (or Poincaré R L3 ABATE ) T 4B
Frf, BHEZ—AKAA A0 HEK!
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iii, F @Ak EAKE) ZHBIM: Bk H T

1
go = —apiio/ag = §(QM—2QA) —0.647015 < 0, (5)
X (CMQA) =
26 L T T T T B BT OES T T T T T 1T \7 (0’ ] }
10505 (©0
L 4(1, 0) (1,0)
i a2 (1505 (2. 0)
[ Supernova  § -’"-T"“‘E 1 5 ?
b Cosmology '_z: '_; 3 ] =
;_% 20} Calan/Tololo ]
m i (Hamuy et al.
18} AL 1996) i
16 r _E
14 L 1 Lo 1 | o |
0.02 005 01 02 0.5 10
Redshift z
1 M
RMV o ig,UJVR T Ag,LW — _SWGTW/ - 87I_C7Ypdaurk energyJuv (6)

At = A + 87G pdark energy = A + Adark energy = 1.26 x 107°%cm™2. (7)

/Z%- ;L:‘q’l | :%:élj %Aeﬂc = A+ 87TG,0dark energy — A+ Adark energy ‘%’:HEA /ﬁ;ﬁ
L& FHGN, TET R, EHFME . Adark energy TART AR X 49, 2 B 18] &
¥, AMBEZA =0T TE, (YanHuHuang, Mod Phys Lett, A27 1250041 (2012))

A.G. Riess et al, Astro J 116, 1009(1998); S. PerImutter et al Astro J, 517 565 (1999)
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iv, tk AR e R AR E Mg, b TFEFHHE:

a, E = Einstein 7 #2:

1
Ruw — §gWR +Agy = 0.

b, MHTHE (FMFH—FHE) :

5S:—mc5/ds:—mcc5/\/gu,,dx“d:vyz(), = 7' =0,

C, I AITARZ 8] (A A 10/MR B ALy, Bt £ A T(Killing &%) €4(1), ---£4(10)):

N(N +1)

"Ef(l)g,ul/ = 0, gﬂ(z) P = {17 2, - — 10}

© < >y < S Oy O O 2
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iv, B SUAR o # AR E A g, 0 F R E

a, A= Einstein 7 #2:

1
R,Lu/ — §gul/R + Ag,ul/ = 0. (11)

b, MHZHE (FMFH—FHE) :

05 = —mec 5/ds = —mc 5/ Vg drhdry =0, = i' =0, (12)

C, I AITARZ 8] (A A 10/MR B ALy, Bt £ A T(Killing &%) €4(1), ---£4(10)):

) ¢ g N(N +1
Leyguw =0, &8()i={1, 2, --- ( )

~10.) (13)

it RX 3N 9 R R R 4 & MinkowskiE #Ln,,,, with A = 0. 1970- 1974
FhedE. 4REE. FRXERXRTA # 0%: g, =BeltramiEHB,, () =
T e 0ol with o = 1 - nuate? /R and R = 3/ Ak X3 A
X k72 T De Sitter A~ 3k AR #89 ZL !
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3, tmf|wg A0t 16

i) AWK TERE: Liewion = gmov?, R §2 — 25 =0
i) MHEE: ¥ =FH= MLz

1) o8 22 e +-F A5 M5 T AR (IR A 9 4R,

et 3t = zt—ovlt+al

> 5 i = 2*+d°

=3 = 2°+d°
t—>t = t+1tg

iv) 1w

V) /ﬁ_’fﬁﬂﬁ' ‘I’Z\E{#ﬁ-l-%ﬁ? g{jﬁ_|_z%£j] g;;}%?rLNewtonZ:g;»EPLNewton — ZNevvton —
LNewton+® 3%, B A b= F18(F), 3= 1&(p), A 2= F 18(Neother charge).
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vi) bRE(EMNERE): H=%x- 7T — L, AFENFHET = 3X

vii) £ 7 A2
OH

o= = {H, 2"

2y o, {H,z'}pB
OH

.Z' - - = H7 ) )

" ox? tH mitps

where the Poisson bracket {azi,wj}pB = 5}3, {2*, 27} pp = 0, {mi,mj}pp =0 are
as usual. It is straightforward to check &' = constant by using LNewton.

viii) F4%: {, }pp = L[, ]

ix) JE | Z=Neother charge: "SR ==X Nz iz, ENFHz=HHENEh=
(P3R4 A47, 32K & 5 B iE] LK)

© < g sy O Oy Oy g B L) B
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4, Einstein 3k AR} £

i) §wEFREKE

ds Nypdrhdx? N Gid o
i = —ige— = —mgc\/ Wdt = —mgc? \/1 + ch2 = —mgc®y/1 — 2
where Lorentz metric 1, = diag{+, —, —, —}, dz* = {d(ct),dz', dz?, dz’} and
— s 42, d OL _ 9L _
1,]) — 17273- j*&ﬁﬁi i 8? T 0

i) e v =FH= MK
iii) Lorentz & 3 +-F 4% T3 +45 30 LA (M A 18] 89 3%, Poincare’ Z#2):

st = 4 [xl — ot —al + Bao}
* >3 = 2?2 —d°
23 = 2 —a

t—t = ’y[t—ﬁxl/c—ao—kﬁal}

where v = 1/4/1 — 32 and 8 = v!/ec.
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iV) %iﬁ'%’%&c /f?‘f/f“’j-'rﬁ—l]‘é% ‘:P‘/]}]]J'%é[] é/‘ﬁ 7‘%3‘%7}5]%;

v) feLorentz X #i4-FH B+ 5 TR T, L ARE B L, — L. = Lo+, B8
=T EE)ZHETE)ADZTE, ABoostt 5 1&(Neother charge).

vi) bR E(ENGRE): H=% T — L—c\/72+m002

_ %9
HHENZHET = §f = wm/iﬂnfj-
o P : oH :
vii) JE |77 A2 A 5 = {H,z'}pB
1
. oOH
T, = _8$Z — {H7 7TZ'}PB-

Poisson bracket {ZCi,Wj}pB = 5;, {in,a?j}pB = 0, {7Ti,7rj}pB = 0.
viii) =4 {, }pp = +[, ]. EH, Poisson bracket # % A% T Heisenberg X,
3 [aji,’f(‘j] — iﬁ(s;-, [:Ei,xj] =0, [m,m;]=0. (14)

‘)if’?wﬂ = nwp’, [T, 7] = 0= [p*,p’] =0, HPoincaréBFAA %, =T LAk X AB*T
whe g TR, B .

© < g sy O Oy Oy g B L) B
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ix) Heisenberg AR E 8 % 5 Poincaré algebra: the 4-dimensional invariant com-

mutation relations for x* and 7, (i.e., Heisenberg algebra):
¥, 7| = hdél, [z¥,2¥] =0, [m,,m]=0. (15)
The solution is
m, = —ih0,, or p!' = —ihn"0,. (16)

pH together with operator L* = (xHp” — x¥p")/ih form an algebra as follows
g

P p"] = 0
(LM, p”] = n"Ppt —n"Pp” (17)
(LM LPP) = pPPLHT — g/ [HP 4 pHo [VP _ phP Vo

which is just the Poincaré algebra, (i.e.,Poincaré Invariant %k X ABAT #8649 B =2 34 AR
M) BLAEERN =TT A TR =T AF A B!
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ix) JE 1| & =Neother charge: "o K Z=HIEN 4 &; ENZHZT=—HEN T3 Z.
(B4R, HREHHAALA)IPE=H 7 =7.

X) Z&: FWMAF: E = %va, p=muv, Fivhkm — O, X FE =0, p— 0, BP
A, ma TR AR Em — 0 By — IR T ,RE = p = 049 B = E4),
ZHE #0, p# 069t T

ch muv

E= 1 = i 0
moteve S22 O P e A—utj@ 7

mHBAE/p=c Hlv=ctik, THE = hvfp=h/\, LFhAPlank® 4. F b
=T JUF" T AR AR T R
xi) JUMT: Minkowski E#: n,, = diag(+1,—1,—1,—1). fEPoincaréX # F:

~ ~ 9z OzxP _
T = T8 N — N = Gz gz e = Nuw

© < g sy O Oy Oy g B L) B
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5, de Sitter &3k X AAXf £

o) IF] A &4 by K :

1, Einstein 1917F# E FHFwHA, (EA HcmL);

2,Dirac 1935538 i T VA EAN # 0893 L ARX 8 (24 K ALK A #iE
Bx) , AKX R THIE,;

3, 197T45F /& B4R 4R kB, 3R 3k, MR T “HARZT” b, JF
T T FHF; “BABNT” BHHAN £ 0 X548, B De
Sitter & 3k S AR}

4, 1998 F X RF HmEBIKILE, LA = A+ Mok matter 7 05
(ZXBAANTRAH0, TichH B REZTIRE)

5, XVAE, . 4f. RGBT L (BPDe Sitter RT3k
X ARxF ) M EFKA LET . 2004532 1 T De Sitter K& 3% X A8
F£ /) F ) Lagrange-Hamiltonian®®#, I T De Sitter & 3k XL
At E T A F. De Sitter AR ) LM ei#d, ATFHEAK
T 2R P A A 2R RS (Yan et al, 2005, 2011, 2012, 2014,
2015).
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i), de Sitter By Zxf AR tk: 5-4dSHhERE 49 (ds)* £SO (4,1)4E T H- T AR,

N - LY ’ g T e \: ﬁ
5-#Ede SitterZ¥[A]H4-£ERKIA 4- ?ih_”‘ T
(VR R ey e L el

naptte” = K (ds)? = B(x) G dr”

(ds)® = napd&™de i

"ﬁ‘-_c'jnAB — d’LCLg{—|—, T Ty T _}7 Nuv = dZag{-l—, — = —}.
#(ds)? = napdede®|(eapery) = Buw(@)da''da” TR
ymy 1

o(z) | RPo(z)

: 1
Qnu)\nypx)‘xp, with J(x) =1 — ﬁn’w/wumv,

B,W(x) —

© < < s O O O Y B DR
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ii) Beltrami metric and Lagrangian Lyg for free particle:

Nuv 1 A : — 1 v
o(z) " Reo(z)2 HAe” 2%, with o(z) = 1= Zenuate”,  (18)

B (z) =

where the constant R is the radius of the pseudo-sphere in dS-space, and it can
be related to cosmological constant via R = 1/3/A. Seting up the time t = 2°/¢,

B, (x) can be rewritten as follows

ds* = B, (z)dstdz” = Good(ct)? + Gij [(dxZ + N'd(ct))(dx? + de(ct)ﬂlQ)
1

- 1. i L :
= *(dt)? [900+gij(z$ + N )(E-T‘7 +N‘7)] )

The free particle in By is described by the corresponding Landau-Lifshitz (L-L)

action:

Sig = —mc/ds = —mc/\/BMV(x)d;cﬂde = /dtLdS(t,xi,ﬁi), (20)

d B, (x)dxtdx?
Lgs = —mcd—i = —mc\/ & (fli T —mc\/BW(a:)jzﬂjj’/, (21)

© < g sy O Oy Oy g B L) B
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And then A W T K E: (S FLBIRLFFLK A L)

R?(c? — %x?) — x?%? + (x - %)% 4+ 2(x — xt)?
_ 2
Lgs = —mc R\/ 22 1 2 — 242)? :

When R — oo,

/ o2
X

iii) o K 7 A2 %;’% -2 =0, = & =0,EEHERL: U =FH= R

© < g sy O Oy Oy g B L) B
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iv)PRBeltramiEHL# B = L # (de Sitter L4k ):

~ o(a) . 0 . a’ — Bat act — alz! — (a®)? + (al)?
t—t = ct — px” —a + pa +
ca(a,:zj)7 [ g g R? o(a) ++/o(a)
1 -1 o(a) 1 o 1 at—paa’ct—alzt —(a)? + (a1)2_
T— I = r — pct + pa” —a +
U(a,x)7 [ g g R? o(a) + +/o(a)
22y 72 — U(a)xz
o(a,x)
0 N R o(a) 23
o(a,x)

where o(a,z) = 1 — natz”/R%. EZZH#T B, () R X, BP:

~  _ Ox*0OxF

() = B (7).

© < g sy O Oy Oy g B L) B
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s =

v) ENZhEAF21E N fe = (PP Hamiltonian): 3| X &

cdt 1

PEd 529 t27 F|R—>OO:7'

S \/1 +(x 02;{;<x _|_(x xt)

B e ) 153
OL.r :
T = a;i::-—wmlﬁﬂxuf,
OL
Hp = o %3 — Lep = mocBouiT.
Tt

1=1

< >S&E>> OO0 o

B O P
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vi) 4-ER| )=, EN EHK KA, ENF 42, Poissont& 5 :

H. dx?
m = (7‘_07 7Ti) — (_—Raﬂ-i) — _mOCB,qu—a
S
B*"m,m, = mjc’. (22)
1 : . —
HdS = —CTTy — 2B00 {QCBOZWZ‘ 4 C\/4(Boz7r7;)2 — 4BOO(BZ~77TZ'7T]‘ — m202)} ,
(23)
where the metric B*” has be given in above and hence
242 i inj
c“t : ctx g . xtad
BOO = O'(ZC) (1 — ﬁ) , BO/L = —O'(ZU) R2 ] BY —= O'(ZC) (771‘7 — R2 ) .
It is straightforward to to get the following canonical equations
: OH.p :
rt = ={H ¢ 24
i = {Hcr, 2"} PB (24)
. OH.r
T, = = &ECZ- = {Hcr, i} PB,

© < g sy O Oy Oy g B L) B
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where the Poisson bracket {z',7;}pp = 53., {2', 29} pp =0, {m,7;j}ps =0 are
as usual. It is also straightforward to check @' = constant by eq.(24).

vii) £R — oo B

1 . ' -
His = 500 {QCBOZWZ- + C\/4(BOZ7T1')2 — 4BY(Biimm; — mgcg)}
— Hpgins = Zl:\/C2p2 + m2c? (25)

T, EHppn T, ERETOFHHFAXNKE; fxtTHy, ERK
T FRRARG., IR FEZRBTFT! (UAEREN(1960's). TEF
% %(2013))

© < < s O O O Y B DR
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vii)Beltrami-Z T 49 (Lorentz T & 4-F # T 444 3) T3 ) 1R
#, de Sitter TH- T, EARE, FAERX:

WA Eat — T, B (r) = B (%) = B (), XFE

M 2 18] 89 &

A= —moc/\/BW(az)da:“da:’/ — A= —moc/\/gw(f)df“de
= —mgc / /B (@) dindz = A.

FRAIONRE = (Noether & #). FiZFhFHALT = 0, [ E

d
— () =0

A b3t — 3 5T ik

EewBuw =0, &) i={1,2 2+ _yq, (26)

ith IR K3 AR = 18] 4

(1)

< < s O O O Y B DR
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1)3/~boost charges:

Gg, = moc(z’ — ti*)T.
p' = Gy = moa'T.

E =cp® = ¢Gyo = moc?T.

. dxt 1
po— f0 i1 o — T0C _ __ - pmw
p - {p Y p} mOx O‘(.CC) dS O'(,CC) TrV?
G i = —mole’kgI ¥,
d
@Ga:u,m,m) = 0.

< >S&E>> OO0 o

B O P
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viii) EF4: {, }pp = L[, |. 0 T AFde Sitterkk X A8t E 0] 7 42 A%,
s, yHeisenberg X4k, &AA:

Hep = gt pgus o _ippia 9 ps

ot ’ ox’
A+ B=det(B,,) RANLEWGRE-FHELLEXN, TIHL-FHEFA
: L, xta” Szt
p* = dh|(n" - 2 )8”+2—R2]' (27)

p* together with operator L* = (xtp¥ — x¥pt)/ih form an algebra as follows

V] h2 1%
] = ol
(LM, p”] = n"Ppt —n"Pp” (28)
(LM LPP) = qPPLHT — g/ [HP 4 pHo [VP _ phP Vo

which is just the de-Sitter algebra SO(1,4).

¢ #FdS-SR QM #Heisenberg X4k 5dSH = #9dSs AR AR %48 A
7!

© < < s O O O Y B DR
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W B, = m3c?, $¥i T 15 3 &Y K 7 A2

ahx” i mac?
72 )0,.0,1 — 2R2 0, += R0 ()
%R — oo, LEFAERAFEAFE: (O— ")y = 0.

ix) &K R: p'p’ B, = (moc/o(x))?

VA E2 5 T e g 2 X A Emstemﬁki#ﬂ)ﬂ’ 5de Sitter 1~
Rk SUABA 6 69 RARSL I 52 5!

(" —

b =0

dS- i 2] A 69 B2 FHdS-GR
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www.njnu.edu.cn

SRV A 3h ) F

~/
(&%

Einsteintk X A8+ (E-SR) | de Sitterkk X A82F 4 (dS-SR)
Globalz} #&£ | Poincaré dS or anti dS
MR EH | nuw = diag(+, —, —, —) Beltrami metric B,,, = :&V) + RQO}(QC)Q NuaTw 2 2P,
H¥o(z)=1- %nwaz“x”
YER = = —moc® [ \/Nudztzr | S =—moc® [ \/Budztz” = [dtLas,
= [dtLg Las = —moc?o Tt
Lg = —moc®y~? L L, /(R? — nyjaizd)(1+ %) +2tb— at? + &
N \/1 UFRALES £ a=mn,ild’, b=nx'd
TR AE 68 =0,=i"=0 68 =0,=3i"=0
PRI M 2 o — * = L¥x¥ + o ' — i = +o(a)?0(a,z) "' (z¥ — a”) DY
JEA R 5 EFBLY Arat 52 £k | DY = LF + R *n a0 (0(a) + o2 (a)) " LY,
897 4 = (L¥) € SO(1, 3),
EBAE-SR—H LY Frat R Hx X6 FHK

< 15 L= e e e W T
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T IRAL LY = LY(x), a" = a"(z) FoE-SR—#F, LY = LY (x), a" = a"(x)
X B IR M A ) g AR AR R FECI M £ Z 18] 8 AL AR R R B AE AR A
B Hh P AR S FXAARES: 2t - i = (o)
xt — gt = fH(x)

BR%&HnZ) /) JT AR AR 8 TSR BR 2 FE-SR—AF, | L AL AT T 42 09 L8 IR %
& ChristoffelB8%: {2, }, RN}
SR 64 AR G () # N XL 6 B g () # B,
27 F % A2 ) ) 5 7 A2
Ruv — %guuR = —8:—4GTMV Ruv — %QWR — Agpw = _8:—4GTW
(see: Utiyama, PR 101(1956)1597; | K B, (2)23) ) F 7 A2t L =%,
Kibble, J. Math Phys 2 (1961) 212 | A = -3 (see: Yan, arXiv: 1004.3023).
Cho, PRD14, (1976) 2521, etc)

WhFEE | ds® = Adt? — a(t)? (L FrE-SR—#:ds® = 2dt® — a(t)? (2,

BRER g +r2df? + r? sin® d¢?) +r?df? + r? sin® d¢?)

(FRWEH) a(t)ith A4 A4y Friedmann7 42 a(t) it e At Friedmannzy #2

1) 72 9] I, 185 6 -F = 8] A B, 465 ¢)Betrami %z 8]

“Uf LN JRZ B EAL: g JRZ R EAL: g

-

VLN T .

e
) &%ﬁg B

s 0 (9 ol 24 e @ Tl By
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7, xF & B B ek AR (E-SR) 69—/~

PLEX -

I, & B 735k LA A6

The spacetime metric of the

local inertial system is Minkowski metric:

{nuv} —

which is spacetime independent.

(1

0 —1
0 O

\OO

0
0
—1

0 )

0

, (29)
0
—1 )
9 <G> QY 9P YD IDBE
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2R T . FE satisfies Dirac spectrum equation:

2
Ey = (—ihca -V — 6? + m6025> (8 (30)
E &)k 50 -
~1/2
E=W,, = = |/‘3’ ) > (31)

K= (+1/2)=1,2,3 -

o =

02
h_
—VK2—a?2 n=12 3.

(i£%F: e? ZDirac Z A F 41 /r 189 %3, hcZDirac
FAREFIHia-V AR, a=c?/(hc) ~1/137 ZX2A
A k)
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www.njnu.edu.cn

XA, B TAFHFSAGZRMEZR N
BAARZE G 2R AK (B FHaH L
%X ) #yMikowski B Mn,,, & B HEk
X AR F :

o= q, (32)
Ebz RRTAELYLDA,
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Observation: [/ QSO

7‘\\

i
Earth l>
Abserption

spectra of
o7 77 QSO
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-Background -

quasar

) -

Lyman I Lya
Lyp iy J| ... Nill__Sill CilV_Fell _ Alll MgU/Nill__Sill_ Allli
' E 1 i 411
| NV B b ¢+ &
& s F 8§ 3 B
\ Y o A
i B o i R
i i *T]F

Ui |
i 1 i A ——— | 1 i —
4000 5000 6000
Observed Wavelength [Angstroems]
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& dS-SRE T 7 F KE A

Ja 5 DY = DY —ie/(ch)AH,

2512 — 9pl/2_splitting in dS-SR

Dirac equation:

of 4 Earth X =
;

L :

Q :

3

QSO Electron 3

Nucleus :

. e
(teuay "Dy — %)w =0, (33)

Yan, arXiv:1004.3023 [physics.gen-ph]

12

Bbiky
E SRS

- Nw
N e

o3k B0 2R T REE

-4618 5 0,1,234

- 7235 4 0123

- 131982

<> L OO0 o 7

0,1

AF = {¢Ba A}

d
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o MZLAZ &L .-
o Ali REXFHKIAMgI (35215) — 3s3p1P) (#HRAL=
+1) , FTOLRB| &G BRE M FE T Al T AR EA:

_ ) 2
Wi = Wiobs = Wjlab T ¢T + ;T 4 ...

— 35051.277(1) 4+ 106z — 10y,  (34)

*;E,\:‘ CPCC — (Oéz/Oé)27 Yy = (&2/04)4 — 1, wiap i%i’c'.’;f*j':%‘
Fu R =4, XNP3RWME AL RTZREHEH®
XM, ARFHETF =T %8 F(E-SR)-Dirac-
Hartree-Fock#AH++ -7 = F o, XA RN LA Z@ i
R X ILR RAFW; s> HAFE) T .. (R EA: a. = ok H
& T E-SR, 2R X Mo, # a,#*k &€ T E-SR.)
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e ¥4~ (E-SR)-Dirac-Hartree-Fock #+ -4 & :
(PRL 82(1999) 884)
MgIl*P J=1/2: w=35669.286(2) + 119.6,
J=3/2: w=35760.835(2) + 211.2x,
Fell°D J =9/2: w = 38458.9871(20) + 1394z + 38y,
J=7/2: w=38660.0494(20)11632x10y,
FJ=11/2: w = 41968.0642(20) + 1622z + 3y,
(20)
(20)

/N N

J=9/2: w=42114.8329(20) + 1772z + Oy,
PJ=7/2: w=42658.2404(20) + 1398z — 13y.

© < g sy O Oy Oy g B L) B


www.njnu.edu.cn

o 20114 %
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@

62

hc

RWBRT BN FHF), N

(Keck F BT A I #1140 absorption systems, VLT A T

T & 69153 BRI ER 4 )

PRL 107, 191101 (2011 PHYSICAL REVIEW LETTERS

week ending
4 NOVEMBER 2011

I.K. Webb,‘ J. A. King,

Indications of a Spatial Variation of the Fine Structure Constant

'M.T. Murphy,2 V. V. Flambaum,

'R.T. Carswell,3

and M. B. Bainbridge’'

'School of Physics, University of New South Wales, Sydney, New South Wales 2052, Australia
*Centre Jor Astrophysics and Supercomputing, Swinburne University of Technology, Mail H30, 'O Box 218, Victoria 3122, Australia
3Institute of Asironomy, Madingley Road, Cambridge, CB3 OHA, Uniied Kingdom

(Recerved 23 August 2010; publhished 31 October 2011)
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FIG. 3 (color online). Aa/a vs Arcos® showing an apparent
gradient in « along the best-fit dipole. The best-fit direction 1s at

right ascension 17.5 = 0.9 h, declination —58 =9 deg, for

which A = (1.1 £ 0.25) X 107® GLyr~!. A spatial gradient is
statistically preferred over a monopole-only model at the

420 level. A cosmology with parameters (Hy, y, (2)) =
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11, 32 jE:
(a) ERTHE YA me#FHT XL LR T Direc #7%
ROHEREZKEFHERRAKZIL: o= e?/(he)

Erp — [(hc)(—i)o? 'V + Bmc® — 62%] ¥ (35)

(b)A£dS-SR ¥, *FTaB 6924 [ R T Dirac 72
WASIE, —RRIETH

B — [f(Z)(—i)o? V4 Bm(z)e — g(zﬂ 5 (36)

TR, K8 0. = g(2)/f(2) £ 0. IRBFWEHEE,
EEEY 148
(M.L.Yan, Commu Theor Phys, 57(2012) 930; 62(2014)189)
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(c) L% Fa, WRIAN, ZATFETHENBE
%, A APlanck fetrk TH AL dostring.
9',2&‘ “%5ﬁj]” %"’_o

(d) £ A R AR B AFw; bW B R o, ZBHAXT X
B A7 32 3k LA T8 89 = T % & T (E-SR)-Dirac-Hartree-
Fock# A+t F. EFELRE5E-SR AL, XAFLH
FHLERRIREHL, G2 TROAFFXFTROH ALK
P
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I, — /AL

By TATZEEE XIS AL TR IEBIEW, b KRR Za,,
ZBUE A K Tde Sitter F T 3k XA *F#£ 49 (dS-SR)-Dirac-Hartree-Fock
ZaTHFER, RAEZEEE., IHZRANEFTEF TR EHS
. RUMEZTTRALAK, HEMATEFREFMA, HEEERTHRRIR
=

(1) 35 (dS-SR)-Dirac-Hartree-Fock2%;
(2) A LxAXAFe S b T2 TEAITFMghFetd T4 8 T ftik;
(3) ‘}Ef;ﬁﬂ'ﬁ-‘?aﬁ’ﬁﬁ)\{ﬁ, %“x'fv(«% obs%ﬂ;;“i‘#xﬁpy ﬁ')]—ﬁﬁ ?“%Ll’i’

(4) ZK: () a., @ RAM; (i) L@EOKFITALEE, Keckf##VLT# o,
RA—H;

(5) AdS-SRit B EBEFhik, o tiiikX, HRTBE®EL,

S.S.Feng and M.L.Yan, IJTP, 55 (2016) 1049.
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8, 4iAniyit
1) A48 T(—}é’Jde-SltterZ; TR SUARRT 89
LagrangianfHamiltonian# X;
2) 1R MR B AR R S 2245 W e, R, R — ool B B 3k SLAA
7
3) M LEHSE &R A8 %, LA A MBI 42 47,124 de Sitter < T 4;
A) B LG ERN EfFEELRF: T AP, H#AE
5)% T4tk A £ X & PoissondE 5, AT A B & : (2", ;] = ihd}, F[t, H] =
ih, m[x", p’] # ihdV, #=lt, E] # ih
6)dS-SR#) % AL T F K dS-GR.
L TR F % 206 28T TAAS-SR QM + dS-GRK i 3E-F A
R, TERESHNABYRTEN N FH).
8) 1 5 R My PR 5 04

(dS — SR mechanics)|r—o = (E — SR mechanics)

(E — SR mechanics)|._.o = (Newton mechanics).
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In this case the frequency of each transition can be expanded in a series in «
w; = cugo) + wi@)oz2 + - (37)

= Witz +---, == (afap)? -1, (38)

where o stands for the laboratory value of the fine structure constant. Note that

Eq.(37) corresponds to the expansion at a = 0, while Eq.(38) at & = agp. In
(2)

that both w; 1,1 and g; are calculable by the Dirac-Hartree-Fock method and the

both cases, parameters w.”’ and g; appear due to relativistic corrections. We note
quantum many body perturbation theories (and w; 1,1, are of course measurable in

laboratories).

For a fine structure transition the first coefficient on the right hand side of (37)
turns to zero, while for the optical transitions it does not. Thus, for the case of a

fine structure and an optical transition one can write:
(2)
wa . wfs

)

Wop

~ o’ + O(a?) (39)
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while for two optical transitions 7 and £ the ratio is:

W; wgo) w@) — w(2)
L = 7&0) + ! 0 b a’ + (9(044). (40)
Wik W, Wy,

(2)

More often than not, the coefficients w,”™ for optical transitions are about an

order of magnitude larger than corresponding coefficients for the fine structure
transitions wf(f) (this is because the relativistic correction to a ground state electron
energy is substantially larger than the spin-orbit splitting in an excited state [?] [?]).
Therefore, the ratio (40) is, in general, more sensitive to the variation of a than

the ratio (39).
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