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MOTIVATION

Hadronic (g — 2)u : signal for Physics beyond SM
Current tension: 2.7 ¢
CULPRIT: DATA ON e e —— hadrons (uds, c, b)
NEW APPROACH: ENTIRELY FROM QCD

PQCD (c,b) & PQCD & LQCD (c,b)

Uopp (M?,) : Higgs Mass



MUON

a lexp = 1165920 8.9 (6.3) x 1010
alryy = 1165918 1.8 (7.6) x 1010

a,lgxp — Ay = 27.1 (9.9) x 1010
Aa:2.70



CONTRIBUTIONS TO a = (g-2)/2

doep AHAD AEw

ayap = @lpap(LO) + alyap(HO) + alyap(LBL)



IN UNITS OF 10-19

a,loep = 11 658 471.8853 + 0.3650
a,lgw = 15.4 (2)
a,luap (HO)= -9.84 (7)
a,luap (LBL) = 11.6 (4.0)
a,|luap (LO) = 692.7 (6.5)

a lry =11 659 181.8 +7.6

a,lgxp — aulryy = 27.1 (9.9) x 101°  [Aa,: 2.7 o]



aluao (LO) = 692.7 (6.5)

(in units of 10-10

RELIES ENTIRELY ON DATA ON
et e = hadrons

(uds) + (charm) + (bottom)
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STRATEGY TO DETERMINE a,|,sp (LO) IN QCD

(1) SUBSTITUTE KERNEL K(s) BY A FIT FUNCTION

_ a2 4, %43, ..
S K(s)—a0+a1s+sz + 53+

* (2) SINGULAR TERMS =y POLES mssssp RESIDUES
d
. RESIDUES o —=- Mycp(q?)| g*=0

« RESIDUES wms | ATTICE QCD



A THEORETICAL QCD CALCULATION OF

a, lnap (LO) = a, luas T a, | T a, b

USING LQCD FOR dIl(q2)/d 2 & d2I1(q?)/(d q2)? (u,d,s)

USING ENTIRELY PERTURBATIVE QCD (quark mass) EXPANSION (c,b)

I, (9*)=i[d*xe™ <0[T (J,(x) J,"(0))| 0>

=(—-9,,9°+0q,q,)I, (@°)




CAUCHY’S THEOREM

§Cn(s) ds =0

imys)

: §CH (s) ds = Y (Residue Pole),

ds TI(s) + FO ds * Im I1(s) =) Res,
Sth 7T :

1N

272' | C(Isol)



HEAVY QUARK SECTOR
c&Db



K$)—Ki(s) = 2+ 3

1()

fs e Ky(s) - > Im TI(s) = Res [TI(s)

Sth S ]SO
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- fﬁs| =s, s K,(s) II(s)
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PERTURBATIVE QCD EXPANSION
(HEAVY QUARKYS)
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[1(S)pocp X inzo0 €, 2"

PQCD up to 4-loop level



aHAb|.=1444+0.1x1010 aHAP|, =0.29 £ 0.01x10 10
(S. Bodenstein et al. 2012)

. LQCD
. (2014)

« aHAD| =14.14+0.1x1019 (ETM Coll.)

« aHAP| . =14.42 £ 0.39x 101 (HPQCDCaoll.)



uds

K(s) = K (s) =a;s +Zn 1 3

204 Ki(s) 2 m TI(s) = Res [T1(s) ~->
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K. ((s)

S

Res [T1(s)

loo = limg_o £ =2 () 11(s)



NO (QCD) LOW ENERGY THEOREM FOR

H(S)‘uds

Need: d II(s) / ds|.—, (dominant residue)

LQCD: available information



Lattice QCD: H.Horsch, B. Jaeger, H. Wittig

d T1(s) / ds|._, = 0.072 —0.087 GeV-2 (HIW):

Second derivative < 0 (negiigible)






HADRONIC CONTRIBUTION TO
oy (M2?)

a(0)
1—Aa(s)L— Aa(s)HAD

e a(s) =
o Aa(M?;)HAD = 4 mta(0) { I1(0)- Re [T (M?;)] }
o Aa(MP)HAD o [, ds R(s) /[s (s - M?)]

e Charm, bottom, top === PQCD

* up, down, strange === [.QCD



RESULTS

2742+ 1.0 x 104 (Davieretal.)

e Aa(M?, ) )HAD =

2757 £0.8 X 104 (Bodenstein et al.)

NEW LQCD data on I1(-s) & I1(0) (Wittig et al.) :
CONSIDERABLE REDUCED UNCERTAINTY



THANK YOU



