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Tension, tensions,....

Hadronic vacuum polarisation 19 o
—_—
e There is a tension of 4.20 between the experimental average E821@BNL | e
for a, and the SM prediction, with the HVP contribution E989@Fermilab ——@
evaluated via dispersion integrals and e*e~ cross section data:
[Aoyama et al., Phys. Rep. 887 (2020) 1] —e
Standard Experimental
cX SM 10 Mc:).de.l Average
= a, P a,” =(25.1+£5.9)-10" [4.207] i |
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Hadronic vacuum polarisation

e There is a tension of 4.20 between the experimental average

for a, and the SM prediction, with the HVP contribution

evaluated via dispersion integrals and e*e~ cross section data:

[Aoyama et al., Phys. Rep. 887 (2020) 1]

= a, —a, =(251+59)-107"" [4.20]

e Thereis a tension of 2.10 between the HVP contribution

evaluated from e*e™ cross section data and from a single
lattice calculation:
[Borsdnyi et al. (BMW Collab.), Nature 593 (2021) 7857]

aZXp — aEMthp’LO = (10.7 +7.0) - 1071¢

BMWc¢ [1.50]
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Tensions: The Next Generation

Intermediate window observable o 4 RBC/UKQCD 23
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Tensions: The Next Generation
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e There is a tension of 3.80 in the window observable —— Colangelo et al 22 (R-ratio)
evaluated from e"e~ data and four lattice calculations 200 206 212 230 235 240
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noolgary  “u

e Subtract R-ratio result )| .~ from WP estimate and replace by lattice average a;"" | 1oy

ex win
,SXP _ SM

WD - a, = (183+5.9)-107" [3.10]

et e~ — (lat)
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What else can we learn from a/j”n ?

Primary observable in lattice calculations: vector correlator G(7)

T 1 &0
G(1) = 6; DD (@ Dm0) =5 = f d(\s)R(s)"™ se™ V™
kX

2
m
70
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What else can we learn from a/j”n ?

Primary observable in lattice calculations: vector correlator G(7)

SO O 1 &0
G(1) = 6; DD i@ 0jemo) = o f d(Vs) R(s)™ se™ V'
ko 2

2
m
70

. , | | -
a:tvmhat > a,"| . _ suggests that R(s)"" is enhanced relative to R(s)" ¢
WINDOW OBSERVABLE FOR THE HADRONIC VACUUM ... PHYS. REV. D 106, 114502 (2022)

TABLE IV. Fractional contributions in percent from different regions in /s to aEVp and the partial quantities

(ay"?)SPIDLD a5 well as the subtracted vacuum polarization at scale Q2 = 1 GeV2, according to the R-ratio model

given in Ref. [49]. Note that this model includes neither the charm nor final states containing a photon, such as 7y.

/5 interval a,” (a,"?)SP (a,"?)P (a)"P)LP (1 GeV?)
Below 0.6 GeV 15.5 1.5 5.5 23.5 8.2
0.6 to 0.9 GeV 58.3 23.1 54.9 65.4 52.6
Above 0.9 GeV 26.2 75.4 39.6 11.1 39.2
Total 100.0 100.0 100.0 100.0 100.0
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What else can we learn from a/j”n ?

e Phenomenological model for R-ratio predicts [Mainz/CLS, Cé et al., et al., PRD 106 (2022) 114502]

hvpJat winylat
R(S)lat (a,u ) (a,u )
R lte = ———x e - 1 + 0.6€
(Chl ) 4

Vs = 600 — 900 MeV:
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What else can we learn from a/j”n ?

e Phenomenological model for R-ratio predicts [Mainz/CLS, Cé et al., et al., PRD 106 (2022) 114502]

hvp]at winylat
R(S)lat (a,u ) (a,u ) B
R(5)*E =1l4+e = v (G =1+ 0.6€
(Chl ) Chl

Vs = 600 — 900 MeV:

e Lattice average vs. R-ratio: (aXin)lat/(aXin)e+e_ = 1.030(8)

= R(s5)"%is enhanced by 5% relative to R(s)° ¢ for /s = 600 — 900 MeV

Hartmut Wittig



What else can we learn from a/j”n ?

e Phenomenological model for R-ratio predicts [Mainz/CLS, Cé et al., et al., PRD 106 (2022) 114502]

R lat ahvp lat ( awin)lat
Vs = 600 — 900 MeV: (S;e_ =l+e = (h“ A - =1+006e
R( S) (aluvp)e+e— ( a/\ivm)e e

e Lattice average vs. R-ratio: (a/‘fi“)lat/(a;’fin)fe_ = 1.030(8)

= R(s5)"%is enhanced by 5% relative to R(s)° ¢ for /s = 600 — 900 MeV

e |f confirmed, it would imply that BMW'’s estimate might be too low....
(see discussion in Colangelo, Hoferichter, Stoffer, Phys. Lett. B814 (2021) 136073)
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The Tension Returns....

Hadronic running of a L0GV2  3.0GeV2:  5.0CeV2
Dispersion integral: this work : 4 |- 4 |- 1
P 00
0’ R(s BMWecl7 1 =l = [ =~
Aa®) (g% = 3q f ds )2
T I, s(s = q°) BMWc20 1 =
Lattice QCD: Aopad(—Q?) x 10°
2 a 1 - 2.2 - 2/1 2.2 DHMYZ data 1 = 1 - 1 -
Atnad(—0Q7) = —— f dt G(1) [Q 1~ —4sin” (; Q1 )]
™ 0 Jo Jegerl. | . 1 o { -
alphaQED19
KNTI18 data 4 = 1 = 1 -

360 380 575 600 675 700 725
A (—Q?) x 10°

[Ce etal., JHEP 08 (2022) 220, arXiv:2203.08676]
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The Tension Returns....

Hadronic running of a L0GV2  3.0GeV2:  5.0CeV2
Dispersion integral: this work : 4 |- 4 |- 1
P 00
Q R(s BMWecl7 1 =1 = -
Aa®) (g% = 3q ff ds )2
T I, s(s = q°) BMWc20 1 =
Lattice QCD: Aopad(—Q?) x 10°
2 a 1 - 2.2 - 271 2.2 DHMY7 data 4 = 1 = 1 -
Apag(—Q7) = — f dt G(1) [Q t* —4sin” (507t )] .
O eger . i —— - =
alphaQED19
KNT18 data q = 1 - 1 -
e Tension of ~ 30 observed with data-driven

evaluation of Aay,, d(_Q2) for 0% > 3 GeV~ 360 380 575 600 675 700 725
| | | | A (—Q?) x 10°
— consistent with tension for window observable
[Ce etal., JHEP 08 (2022) 220, arXiv:2203.08676]
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But what about electroweak precision data?

Adler function approach, aka. “Euclidean split technique”

Aol (M2) = Aa (~Q3) < lattice QCD
+[Aa(5)( M2) Aa(s)( QO)] «— perturbative Adler function

+HAaD (M2) — Aal) (-M3)]  « pQCD
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But what about electroweak precision data?

Adler function approach, aka. “Euclidean split technique”

Aot (M3) = A (- Q})

+HAaD) (-M3) — Al (-0D)

lat. + pQCD’[Adler] H——H
+HAa (M2) — A (-M2)] s TS N
R-ratio

= Aal) (M2) = 0.027 73(9)1a(2bim(12)pocn >

DHMZ.19 O
[Cé et al., JHEP 08 (2022) 220, arXiv:2203.08676] Jegeriehner 19 o
EW global fits

Gfitter 18 | v
Crivellin et al. 20 : 7
Keshavarzi et al. 20 S
Malaescu, Schott 20 ; V—— A
HEPfit 21 h NS

0.0255 0.0260 0.0265 0.0270 0.0275 0.0280 0.0285 0.0290
(5) 2
Aahad(MZ)
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But what about electroweak precision data?

Adler function approach, aka. “Euclidean split technique”

Aol (M3) = A (- Q3)

+HAaD) (-M3) — Al (-0D)

(5) 9) (5) 9) lat. + pQCD’[Adler] H—4—H
+[A()f (M ) ACL’ ( MZ)] lat. + KNT18[data] H-=H
5 R-ratio
= Aay) (M2) = 0.027 73(9)12(2)bun(12)pocp -
DHMZ19 O
[Ce etal, JHEP 08 (2022) 220, arXiv:2203.08676] Jegerlehner 19 o
. . . EW global fits
e Agreement between lattice QCD and R-ratio estimate Gitter 18 S—
Crivellin et al. 20 | S l
e Contradiction with tension observed at low energies? Keshavarzi eral. 20—
Not in the correlated difference! Malaescu, Schott 20— N
HEPfit 21 h ' B
No |ncon5|stency with gIObaI electroweak fit 0.0255 0.0260 0.0265 0.0270 0.0275 0.0280 0.0285 0.0290
Al (M2)
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Comparison with perturbative Adler function

Adler function: — pQCD vs DHMZ Data
D( ) . 37T d A ( ) —— PQCD vs Lattice Mainz
)= 0% > ds @hadl — Lattice Mainz vs DHMZ Data
35 0
e Known in massive QCD perturbation theory 3.0 -
at four loops 25)

2.0

e Data-driven evaluation of D(Q?) via R-ratio: o

Significance (o)

> R(s 10 _ —

D) =0 [ ds—) | |

m? (S T Q2)2 0'5; :

"’ OO: \

e Determine D(Q?) from lattice calculation of Ae;,,,(O?) e s
Q% (GeV?)

Good agreement between perturbative and lattice QCD for Q% > 2 GeV?

Slight tension of 1-20 between data-driven evaluation and QCD

[Davier, Diaz-Calderon, Malaescu, Pich, Rodriguez-Sanchez, Zhang, JHEP 04 (2023) 067, arXiv:2302.01359]
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And finally....

ete™ - ntn~
| | | | | | | | | | | | | | | | | | | | | | | | | |
CLEO : ¥

376.9+ 6.3

SND

371.7+5.0

BESIII : e
368.2 + 4.2

CMD-2
372.4+3.0

BABAR
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KLOE
366.9:+ 2.1

360

<>

@)

@)

L]

ol b b by
370 375 380 385

HVP, LO [ tm— 10
gt [ ] |[O.6, 0.9] GeV [x107]

11 ] | L 1 1
355

365

e Thereis a tension of 2.70 in the dominant
777~ channel between BaBar and KLOE
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And finally....

ete™ = ntn [lgnatov et al. (CMD-3 Collab.), arXiv:2302.08834]
L = é é ; ; ; ; ;
CLEO | v = — . before CMD2
376.9+ 6.3 3 | _ CMDZ =
BESIII : =/ ;— Klé.OE comb
368.2 + 4.2 N\ o/ E BABAR |
CMD-2 : - _ . BES
BABAR S = : CLEO
376.7+ 2.7 E_ = SNDZk
KLOE 0 E_
i A T B S B B = | | | | , |
355 360 365 370 375 380 385 360 365 370 375 380 385 390
A" O] ] e ey [X 107 a™™ (0.6 <Vs <0.88 GeV ), 10"
e Thereis a tension of 2.7c in the dominant e Thereis a tension of 40 in the dominant
777~ channel between BaBar and KLOE 777~ channel between CMD-3 and all

previous measurements
" = 693.1(2.8)exp(2.8)syst(0.7)pv+0cp - 107

T

(accounts for tension in the data and among analyses)
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And finally....

ete™ = ntn [lgnatov et al. (CMD-3 Collab.), arXiv:2302.08834]
L L L B B B BN E
376.9+ 6.3 3 .  cmDp2
BESIII ! A ;— Klé.OE comb
368.2+4.2 E_ : 5 _ : _ ; | BABAR
CMD-2 o S — . BES
BABAR o = . CLEO
376.7+ 2.7 E_ = SNDZk
KLOE 0 E_
e A A T B N B : | | | | e T
355 360 365 370 375 380 385 ~ 360 365 370 375 380 385 390
A PO | o ey [X 107 a™™ (0.6 <\s <0.88 GeV ), 107
e Thereis a tension of 2.7¢ in the dominant e There is a tension of 40 in the dominant
777~ channel between BaBar and KLOE 777~ channel between CMD-3 and all

previous measurements
" = 693.1(2.8)exp(2.8)syst(0.7)pv+0cp - 107

T

(accounts for tension in the data and among analyses) (my own estimate)

a)” = 707.6(3.4)exp(0.7)pv+0cp - 1071
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lssues

Badly needed next steps

e |[ndependent check of the HVP result by BMWc with comparable precision

— In preparation

e Sort out the tension among e e~ cross section data

— new analysis of BaBar data in progress; CMD-3 result is being scrutinised

e Clarify the role of 7-decay data as alternative to e e~
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But what about electroweak precision data?

Adler function approach, aka. “Euclidean split technique” lat. + pQCD [Adler] -+
5 2 5 lat. + KNT18[data] H-—H
Aol (M3) = A (—05)
KNT18/19 o
5 5 5 DHMZ19 o
+ [Aw( ) ( M ) AC}’/( ) ( QO)] Jegerlehner 19 — o
EW global fits
(5) 2 (5) o) Gfitter 18 | W
T [ACL’ (MZ) Aa’ ( MZ )] Crivellineral. 20
( 5) ) Keshavarzi et al. 20 l s
: ACU (MZ) — O 027 73 (9)lat(2)btm( 1 2)pQCD Malaescu, Schott 20 | VT A
HEPfit 21 [ 7

[Ce etal., JHEP 08 (2022) 220, arXiv:2203.08676]

0.0255 0.0260 0.0265 0.0270 0.0275 0.0280 0.0285 0.0290

. . . A g (M)
e Agreement between lattice QCD and R-ratio estimate
PT.
. . . . . 2
e Contradiction with tension observed at low energies? value 2% error
' ' I Lattice ,
Not in the correlated difference! o actce 5QCD  attice
7"4 oo ’ 56,4 % 43,6 %
,U 70

Qg = 5GeV?
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