e = 1
2meSe S = 2

fle = Qe B w= Uhlenbeck-Goudsmit (26)
Dirac theory explained ge = 2
Twenty years later deviations from g, = 2 were detected

ge —

aeE 2

2
= 0.00118 £ 0.00003 Kusch and Foley (47)
which can be understood in quantum electrodynamics (QED)

e = 27T = 0.00116 Schwinger (48)

and provided one of the first strong confirmations of QED

The |ateSt measurement Of ae giveS Hanneke, Fogwell, Gabrielse (08)

ag® = 1159652180.73(28) - 10~ 12

.....

agM _ a(e)ED + aléad + a\geak QED + Z at (2n) ( )

Kinoshita et al. (12) have recently evaluated al'% leading to:
ag” = 1159652 181.78(6)(4)(2)(77) - 1072

W|th input: 614_1 — 137035 999 049(90) Bouchendira et al. PRL '11

Hadronic and weak contributions have also been estimated

ax®? = 1.866(10)(5)-10~ "2  gPNO — _0.2234(12)(7)-10 "2



The latest measurement of a. gives Hanneke, Fogwell, Gabrielse (08)

as® =1159652180.73(28) - 10~ 12
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Recent improvements in alternative measurements of o
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This work o
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Bouchendira et al. PRL '11



QQL (2022) Fan llh-jezrg’ S kea avd Gabriclse

— B 1.00115965218059 (13) [0.13 ppt],
up 2
S 05 0P o5 1
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The fine structure constant « is the fundamental mea-
sure of the strength of the electromagnetic interaction
in the low energy limit. For the SI system of units,
a = €% /(4meghe) is a measure of the vacuum permittivity
€9, given that and e, h and the speed of light ¢ are now
defined [65]. Our pu/pup and the SM give

1 =137.035999 166 (02) (15) [0.014 ppb] [0.11 ppb],
= 137.035999 166 (15) [0.11 ppb], (8)
with theoretical and experimental uncertainties in the

first and second brackets. Figure 5 compares to the a
measurements (black) that disagree with each other by
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FIG. 2. (a) Cryogenic system supports a 50 mK electron trap
upon a 4.2 K solenoid to provide a very stable B. (b) Silver
electrodes of a cylindrical Penning trap. (c¢) Quantum spin
and cyclotron energy levels used for measurement.
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World Average (before FNAL)
&P = (116592089 +63) x 107"

» The bulk of the difference between a, and g, is due to
QED and originates from large logs of m,,/me

a2 — g3"" = 619500.2 x 10"
&P — a¥P = (7360 £63) x 107"
» Hadronic contributions are large
ad ~ 7000 x 107"

“Seen” at the 50 level already in 1979
» Weak contributions to a,

g,V =154 x 10711 ~ 25A8P

After the 2023 Fermilab result

I T I T I I T I I T T I T T I T T I

HVP from:
BMW?20

O

WP20(lattice) | PY

not used in WP20

DHMZ19 +—e—

Projected final Fermilab uncertainty —

KNT19 e BNL
| . {
| | _I
WP20 o A }g
= R2+3 LL
| 1 _4'0 1 | 1 1 _3[0 1 1 1 1 _2110 | 1 1 | _IIO 1 | | (I) | 1 | ]IO

SM ex
-a p

(a, ) x 10"



Calew\ok
‘%7(7%\ g( H’-ﬂ [ee»otwa has:ﬂfmuc cm*“t\g-thm (“VF),.

| N

Ol Olexs) dog) 4

EXFMS«'OM Ay o ]
( 3 \flo} M&M?M L%&um 6} lou) W‘ﬂij
here He volevauk seale i mm/*) %~ O) .

Poo cu Hos b coliadobd 7

Lo w5 deok ab d canbibubioy of » Lephon fo vacus fodr

S&ML @Q&J%}‘lw We QQAQ( 1\0 OL}&"“ e = %(3_[_ b,,,(} okt
K F,A.af}‘a« ‘@’YOPQT.;}TN‘ %_L hould be ceplaced
\Qj QA:{;- 'T‘YQ(CI“L) ’ '%—2.



QCI‘”@Q@ we, M-?.cﬂ ‘[\o {’Mqéycz_ {’(.u\ CaA_Jal'\bca IT.O_ (c(t):O
0 wlaap‘ we_ neaaq. to Ceﬁcw[a}e A

A4 T (g) f%%l

2

ot T =Thq)-Tele) — Te&) s ke

~ A
@) = =2 (o (e me
9 = j K x (4=x) /&ﬁ o

Can we callenlshe e Losp ihegrel witte Ho fouch
dusds M enbegrand T b laoke ol fenlb
Bub we can toke o oﬂ//a.wf spproacl, <

/ﬂ’“» I'M,(&T{uar] tga,rt_ Ol[ 'ﬁ;(qz) 8 ?nueq 5
I T -4 75 (e )

Ld[MCﬂA <3 RIJ&J \.—)j “H».\ o\oh‘ce/Q ‘l’{/\wﬂm l\o ]L{NQ WQQ@L&{MJ

squornd of o seplibide e

LS

20w [ G| = O - for |

ﬁow {{"-k l.(Mé?»‘um] ‘pé{", wl'vl:C‘/(A S T"JA’R’Q k\o {-&'\ Qﬁ(\rwwm“l‘\f A “{'u‘
CU-'\—l e (B “Qc.cus\‘a»\ot ’H.u wLwLm {u.\,\c}\h-u, L&é(kst {’(u‘s Y %3@"1
—e/Qs@ULmv.



g - 7 [ 20

T\A-L MQ on ar?’ Qy HMJ {—w«o&w LS5 Mow {K?ch&" a«k@ﬂ L&S
Js{M {«xm o{- a ‘aro]aa?aszr w{H« Mass s 3241142 oler wl/-«to{\

1

we l\éU*’- \\o ,{u‘.‘\u.sﬁrm/l'g é/‘L ’Hmmeuue(o ’E)vdi" ot is how Hear

oot we caun ‘ge,rlom« Ha ﬂ/Qor-? A\AVLG—?/A/( LK@C«JKE

/( (ﬂl _’(_ = cJSIMATE(S) SR
1> g~ 4

¢ ot
OQ,I.M T (P )
s e ([@)[@) 9 ()
L_/-"/_“/
1§ VL‘M;\ aAJZ{
- !g{ 45‘2«:&.\@*\»{ @ueﬂjf\uﬂf?'-

T TE@ () x O(cte—-L0'0)

LQH\“ PQFI‘OTW"mJ; H"‘L lQo‘o A‘W*OTI"J Oha j;(}_( den RAPremisan
&t o
oA = (2t ) [OLS ‘f@ Re(=)

7

@e (S) = M

4 T"(lés

b CR08) s&cJ’l'OM 21 H—L& /Q»:Uu—-l‘ WMe—+O

K[—O ouﬂrivz. H«-Cs #rwla we_ Q\A.Qj have wsed, Um\‘aﬂ{j (uluo& H‘,Ia/{‘ﬁ_{



e itagary pacd ob T bo s crose sech) aud sualyhoid
(LJ\\A(JL a_nows vs {“b recguhud" Tf(r) virbw il‘J !'anﬁn'uévy JDN’J\). ’rLbUK.
Wh’w are. valid m{' mﬂy ia RED et amy QT even 4‘l
?&rk‘.rba}.‘w Hu;ovy camwol  be Aﬂaﬂui . We can cmlolo,”/c'f ag ,él”/.'r
3*49( W«F‘ACL )@ WRH& g lﬁdmu W‘/\nb& oCenry A {{Lb ‘?(ofncm o% (CD:

oA

Wy 2 ,_Kg-fl

- (e o 52 80
i

UUINP/(_ Qh (S) _ G (ete > hadmus)
4rat (s




