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Hadronic vacuum polarization

At low energies QCD gets strongly interacting and a perturbative calculation is not feasible.

Luckily, analyticity and unitarity allow us to express the leading hadronic vacuum polarization (HVP)
contributions via a dispersion relation in terms of experimental data:

2 oo
HVPLO _ @ d K(S)R
a, 32/, S S (s), Gourdin, De Rafael. Nucl.Phys.B 10 (1969) 667-674
m’.‘T

where K(s)is a Kernel function == | K(s) ~ 1/s,

o09%(ete™ — hadrons(+7)) 4o
R(S) - T pt ’ th - 35
P

An evaluation of the HVP, LO contribution can be obtained from the measurements
of o(e*e~ —hadrons) or the T — v, + hadron decays which can be related to the isovector component
of the ere-—hadrons cross section through isospin-symmetry.

Since both are subject to theoretical uncertainties, it is a good strategy to keep using both.
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Hadronic vacuum polarization

(y) final state at low energies (4m2 < s < 0.8 GeV?).
» For the two-pion final state,

Ortn—(5) = E

Including isospin-breaking corrections at LO, we have

?

- KO'(S) drfrfr[ ] RIB(S)
Trrn=(8) = [k&(s) ds’y] SEw

2

Fv(s)
fi(s)

FSR(s) B>, _
Where RIB(S) _= GEM((Z)) ﬁgzﬂ_

challenging.

Gy (s) receives contributions from real and virtual photons.
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About 73% of the contributions to the HVP and 58% of the total uncertainty correspond to the t*m

- ad
Tt
u,d
@ Isospin rotation
T 1 n “

F. Jegerlehner. Springer Tracts Mod.Phys. 274 (2017)

The ratio of neutral to charged current di-pion form factor and the long-distance em RadCor are

Cirigliano et al. Phy. Lett. B513 (2001). JHEP 08 (2002) 002



Isospin-breaking corrections to B

» Another important independent cross-check of the IB corrections is provided by the prediction of the

branching ratio based on CVC.

B

The IB corrections to BCVC can be evaluated from
I

m?
B, /
4m2

FSR(s) B4
Gem(s) B2, _

A BCVC

l

R,'B(S) =
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Isospin rotation

ds O pt () (5

SEW — _
Tntn—(~ (S)N(S) ( —1 u, d
(7) Rin(s) :
w, d
Fy(s) | —
i (s) F. Jegerlehner. Springer Tracts Mod.Phys. 274 (2017)
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Isospin-breaking corrections

; ABEYS, (1072) v decays ————— BSanes
ource " A=t 7 CLEO \
GS model KS model Aai200

15472010:00%

SEW +0.57 + 0.01 — S 2
GEm ~0.07 £ 0.17 : Heemasase
FSR ~0.19 £ 0.02 : e
p—w interference —0.01 £0.01 —0.02 4+ 0.01

ee CVC

CMD2 83 (061 095

m,.+ — mo effect on o +0.19 ; = T503e02200 22
2Lr <1.\1klr.'?:o.s.’v' Q52046138
248220224022
m,+ — m,o effect on I', —0.22 > T
248120 0022
Mm,+ — M ,0 +0.08 £ 0.08 +0.09 = 0.08 KLOS.08 (059 0.97)
bare 2A4TL02200 22

w7y, electrom. decays +0.34 + 0.03 +0.37 £ 0.04 e TA100 R0 2T

KLOE 19032052

. - 2453202200 22
+0.69 £+ 0.19 +0.72 £ 0.19 (g sy A
Total VRS SRR D AL
+0.69 =+ 0.22 ——— Vel S teftan un
23.5 24 245 25 25.5 26 26.5 27

Eur. Phys. J. C66, 127 (2010) B 0
{(T = v, ) (%)

Phys. Rev. D 102 (2020) 114017
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Form factors

* Now let us analyze in more detail the IB effects in the form factors.

* These IB breaking corrections were studied by Davier et al '09 using the Gounaris-Sakurai (GS) and
Kiihn-Santamaria (KS) parametrization.
1

_ GS S KS
Fe(s) = 17 e (BWp (s,m,.T,) (1 + 60— B (S,mw,rw))

LA

Fv(s)
fi(s)

3
_ FSR(s) Pt n—
Ri(s) = Gem(s) B3,

+ Cp BWES(S, M Lpr) + cpr BWﬁ;S(s,mpu,I‘pu)) :

m?2 [1 4+ d(m)T'/m)] KS m?
BW I') =
m2 — s+ f(s,m,I') —imI'(s,m,T")’ (s,m,T) m?2 — s —imI'(s,m,T)

BW%(s,m,T') =

* The Guerrero-Pich (GP) parametrization was employed by Cirigliano et al '02 .

2 Opw is a real
Fy(t) = et exp [2H 4 - () + Hycr e (1)]|— O ' mixing
mf}o —t—imyol 0 (t) 3m§0 m2 —t—img Ly parameter
2
mP+ ] 7 elm
f+(t) — 2 exp{2H7T+7T0(t)+HK+KO(t)}+flocal+"' 3

ms,. —t—imy+T 4 (L)
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IB corrections to FF

 |IB corrections in the ratio of the form factors in the GS model.

— M =T

1
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IB corrections to FF

 IB corrections in the ratio of the form factors in the GP model.

T r r r T
smir™ -x")

amiK K"
dmip~—p")=+0.7 MeV
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IB corrections to B__,

Contributions to B, o from the isospin-breaking corrections for the different models.

Source ABSYY (1072 GS
GS KS QP L H069:0.19
Davier et al. FF1 | Fr2 :
Sew +0.57(1) F0.57(1) E "
GEM —0.07(17) —0.09(}) +0.720.19
FSR —0.19(2) —0.19(2)
m.+ — mo effect on o +0.19 +0.20
my+ — mo effect on T’ —0.22 —0.22 FF1 +0‘4%50‘25
mp+ — myo effect on ', — — —0.02
Myt — Mo +0.08(8)  +0.09(8) —0.01(1)
p — w interference —0.01(1)  —0.02(1) —0.10(1) eGP
w7y, electromagnetic decays  +0.34(3)  +0.37(4) +0.28(25) +0.09(9) +0.23%00
TOTAL +0.69(19)  +0.72(19)  +0.42(25) +0.23(")) R R R .
0.0 0.2 0.4 0.6 0.8 1.0
AT, = 1.5 + 1.3 MeV

AT, = 0.45 + 0.45 MeV
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IB corrections to B__,

Contributions to B, o from the isospin-breaking corrections for the different models.

Source ABSYC (1079)
GS KS GP
Davier et al. FF1 | Fr2
SEw +0.57(1) +0.57(1)
GEM —0.07(17) —0.09(})
FSR —0.19(2) —0.19(2)
m.+ —m_o effect on o +0.19 +0.20
my+ — mo effect on T’ —0.22 —0.22
mp+ — myo effect on ', — — —0.02
Myt — Mo +0.08(8)  +0.09(8) —0.01(1)
p — w interference —0.01(1)  —0.02(1) —0.10(1)
w7y, electromagnetic decays  +0.34(3)  +0.37(4) +0.28(25) +0.09(9)
TOTAL +0.69(19)  +0.72(19)  +0.42(25) +0.23("))

AT, = 1.5 + 1.3 MeV

AT, = 0.45 + 0.45 MeV
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10,0 = (3.5£0.7)- 107 GeV?
arg(f,,) = (186.3 £ 0.9)°

GS
+0.69+0.19

Davier et al.
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FF1 GP
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IB corrections to a,

Contributions to a, from the isospin-breaking corrections for the different models.

Source &aﬂ‘"‘“‘o [, 7] (10719)
S S p GS
GS ‘ kS 0 . -16.07£1.22
Davier ef al. FF1 FF2 =
SEw —12.21(0.15) —11.96(0.15) s
GeMm ~1.92(0.90) —-1.717941 5
: o b R KS
FSR +4.67(0.47) +4.56(0.46) ~16.7021.23 —
me+ — mqo effect on o —7.88 —T7.47
Mmq+ — mgo effect on T +4.09 +4.02 +4.07
my+ — myo effect on T’ — - +0.37 GP
_ +0.27 +0.19 +1.51 FF1 4
Mt — 110 +0.207, 14 +0.11717 +1.277 % ~12.45% 0
p — w interference +2.80(0.19)  +2.80(0.15) +3.567 50
p— ~5.01(0.59)  —6.39(0.64) —5.14(4.45) —1.54(1.54)
TOTAL ~16.07(1.22) —16.70(1.23) —12.457:5° —8.85752: 2
5.00 2.75 _pas2te
20 15 ~10
AT, = 1.5 + 1.3 MeV Aay " OLam,r] (10710
- - 0ol = (3.5£0.7) - 107° GeV?
AT, = 0.45 £ 0.45 MeV O] = (35 £0.7) o - o
arg(f,.,) = (186.3 + 0.9) > AaVE = 42.69(82)- 10~
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Fit

*  We perform a fit using the e+e- and tau data in the isospin-limit including the rho-omega mixing.

I 3 ex — 3+ 2 CMD-3 w.tho T.EXD 2
offete = ata (7)) —o. Plete = o7 (7)) F; Ee
o3 (d | 2 (e O (B R

ST (eFe — mr (7)) . o I
BEABAR t]'.l (H{_]_'_..{F‘ 2 Eelle

Lt TL.eXP ). 2
> (cTe” 2w () e (e 2 atr () 3 [FTPE — [FT)
dop " (etem = mha=(7)) SNFTRR

k

« Additionally, we consider a modification of the GP parametrization that includes the rho'
and rho" contributions.

P (5)5eed ﬂff + s(ye'?r 4 fet2) R s ) 1 A
v(s) = MZ s LT,(5) exp { Re 96722 ( x(s) + 5- H(-ﬁ])

setd sl [_Mg, )
M s —iM, T, (5) P | mhBar () oA )
o p'lp oo (M7

-y L 2
.ae_ [}E}\P{ s, '["»I . }REA,:{S]} ?

§—
J."i.frjrr — 8 — ?ﬁdrl,j”].—\p"" 5 JI.J.‘L{?.H(.T [41.{2”
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Fit results for the GS model

BABAR12+Belle KLOE12+Belle KLOEc+Belle CMD3+Belle Global fit Global fit
data points 337 + 62 60 + 62 85 + 62 209 + 62 337+60+209+62  337+85+209+62
Y2 426.9 432.4 515.7 268.9 1830.2 3000.9
x?/d.o.f 1.1 3.9 3.8 1.0 2.8 4.4
m, 7740 £ 0.1 MeV  773.4+£02MeV  T773.54+0.1 MeV  773.4£0.1 MeV  773.5+£0.1 MeV 77294 0.1 MeV
r, 1489+ 0.3 MeV 14474+ 0.5 MeV 1471 £0.3 MeV ~ 147.6+0.2 MeV ~ 146.6+ 0.2 MeV  146.9 + 0.2 MeV
16 o | (21£0.0)-10%  (1.94£0.1)-107* (1.84£0.0)-107%  (2.0£0.0)-107*  (1.9£0.0)-10*  (2.0£0.0)-103
arg[d,.] (10.8 £ 1.1)° (13.8 £2.6)° (18.2+2.6)° (12.0 £ 0.5)° (10.1 £0.4)° (5.5 +0.4)°
3 0] 07 07 07 22£02) 10T (15+02)-10 T (1.4£02)-10 1
arg[0,0) — — — (83.8 £5.9)° (68.4 + 7.8)° (46.6 + 8.6)°
my 1460.9 5.9 MeV  1412.9+ 7.8 MeV  1398.9 £ 6.7 MeV ~ 1459.0 £ 7.0 MeV  1433.3 £ 4.8 MeV  1443.7 £ 5.2 MeV
r, 444 £ 14 MeV 441 £ 20 MeV 445 + 20 MeV 450 4 20 MeV 403 + 12 MeV 391 £ 11 MeV
Relc,/] —0.12 £+ 0.00 —0.11 £ 0.00 —0.11 £ 0.01 —0.10 £ 0.00 —0.09 £ 0.00 —0.11 £ 0.00
Im[c,/] —0.03 £ 0.01 0.03 £ 0.01 —0.26 £ 0.02 —0.20 £ 0.02 —0.17 £0.01 —0.02 £ 0.00
my 1806.7 £ 9.7 MeV 17307 MeV 17307 MeV 17307 MeV 1784.8 £ 10.5 MeV  1816.8 + 9.2 MeV
T, 273 + 16 MeV 260" MeV 260" MeV 260" MeV 245 + 14 MeV 245 + 16 MeV
Re|c,] (294+05)-1072  (49£0.6)-1072 (=7.7£0.7)-1072 (=7.5£0.6)-1072 (—6.6+£0.6)-10"2 (2.1£0.4)-10"2
Im|c,] (4.54+£03)-1072 (1.7£0.3)-1072 (=1.7£0.6)-107% (5.8%£6.7)-107% (=2.9£0.4)-10"2 (4.0£0.2)-10"2
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Fit results for the KS model

BABARI12+Belle  KLOE12+Belle KLOEc+Belle CMD3+Belle Global fit Global fit
data points 337 + 62 60 + 62 85 + 62 209 + 62 3374604+209+62 3374854209462
X2 518.4 496.3 668.3 614.8 2270.6 3419.5
2 /d.o.f 1.3 4.4 4.9 2.4 3.5 5.0
m, 7723 +£0.1 MeV  771.84+02MeV  771.6+0.1 MeV — 77L.4+0.1 MeV  771.84+0.1 MeV 7715+ 0.1 MeV
r, 14754+ 0.3 MeV 1425404 MeV 14504+ 0.3 MeV ~ 146.0 £0.2 MeV 1455+ 0.2 MeV  145.7 0.2 MeV
16, (1.94+0.0)-10%  (1.7+0.1)-10%  (1.74+0.0)-10°%  (204+0.0)-10°%  (1.9+0.0)-10"2%  (1.94+0.0)-10"3
arg[d ] (11.74+1.1)° (17.6 = 2.9)° (17.6 £ 2.7)° (11.3 £ 0.5)° (9.5 +0.4)° (6.5 + 0.4)°
16,50 07 07 0f (2.840.2)-107%  (1.7£0.2)-107*  (1.44+0.2)-1072
arg[d,0] — — - (87.0 & 4.9)° (78.9 4 7.5)° (73.2 +£8.1)°
my 1536.1 £9.5 MeV 142524+ 8.3 MeV  1476.7 £ 8.0 MeV  1575.8 £ 10.9 MeV  1564.9 + 9.3 MeV  1547.5 + 8.1 MeV
r, 538 + 18 MeV 471 £ 18 MeV 474 + 14 MeV 717 & 23 MeV 450 + 17 MeV 447 + 16 MeV
Re[c,/] —0.134+0.01 —0.134+0.00 —0.13 4+ 0.00 —0.23 4+ 0.01 (3.6+3.3)-1072  (—06+2.7)-1072
Im|[c,/] —0.28 £ 0.02 —0.19 £ 0.02 —0.17 £ 0.02 —0.2340.01 —0.28 £+ 0.03 —0.27 £ 0.02
m 1831.4 4 12.6 MeV 17307 MeV 17307 MeV 1730" MeV 1865.8 +20.1 MeV  1868.2 = 16.3 MeV
T 442 + 33 MeV 260" MeV 2607 MeV 260" MeV 721 + 53 MeV 650 £ 50 MeV
Re[c,] —(84+1.5)-1072 (=6.04£0.6)-10"2 (=5.0+0.7)-1072 (1.94+1.0)- 1072 —0.25 +0.04 —0.20 & 0.03
Im|c,] 0.13 £ 0.01 (31£0.7)-1072 (4.6 £0.7)-10"2 0.10 & 0.00 0.13 4 0.02 0.12 £ 0.01
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Fit results for the GP model

BABAR12+Belle KLOE12+Belle  KLOEc+Belle CMD3+Belle Global Fit Global Fit
data points 270 + 19 60 + 19 85 + 19 172 + 19 2T0+60+172+19  27T0+85+172+19

v 1671.7 572.5 848.9 3279.6 4887.1 5065.4

v /d.of 5.8 | 7.5 8.4 17.4 9.4 9.3
m, 7T76.0 0.1 MeV  777.440.1 MeV  776.0+£0.1 MeV 7748+ 0.1 MeV  T75.54£0.1 MeV  775.4 £ 0.1 MeV
Rﬂ@J:Rf—%ﬁ (25+0.0)-107% (26+0.1)-107% (254£0.1)-107% (2540.0)-107% (254+0.0)-1073% (2.54£0.0)- 103
Im|dp| = Im|—22=| | (0.3+£0.0)-107% (04+0.1)-107% (08£0.1)-107% (0.1£0.0)-107% (0.1£0.0)-1073 (0.1 £0.0)- 1073
I p'(zﬁinm-ur“ (26+£0.1)-107" (27+0.1)-1077 (25+£0.0)-107" (25+£0.0)-107" (25+0.0)- 10"

(2.8 £ 0.3)°

02+21)° (186 + L.8) 14+04)

26+03)°

ar (0]
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Fit results for the Seed model

BABARI2+Belle  KLOE12+Belle KLOEc+Belle CMD3+Belle Global fit Global fit
data points 337 + 62 Gl + 62 85 + 62 209 + 62 33TH604+2094+62  337+854+209+62
V2 556.4 432.9 539.4 222.5 1662.7 2514.5
v /dod 1.4 3.8 3.9 0.9 2.5 3.7
m, TTTIB 0.1 MeV 7741402 MeV  TT3T£01MeV  TT36 L 0.0 MeV TT3.8+ 0.1 MeV 7735 £0.1 MeV
6| (2.5 4+ 0.0) - 103 (244+0.1)-10" (2.3 +£0.1)-1073 (25+00)-107% (244+00)-10—%  (24+00)-1073
arg[d . (13.5 + 1.0)° (10.7 + 2.5)° (16.8 + 2.3)° (11.3 + 0.4)° (9.1 +0.4)° (6.5 + 0.4)°
[0 06 07 07 07 (28 E£0.2)-100T (20x0.2)-100F (2I1£0.3)-10°7
arg[d | — - - (63.1 + 5.4)° (58.2 + 6.3)° (40.9 + 6.7)°
"y 1397.2 £ 8.3 MV 14138 £ 11.7 MeV  1406.3 £12.1 MeV  1449.2 4+ 11.5 MeV 14145+ 3.3 MeV  1369.4 £+ 7.8 MeV
r, 324 + 15 MeV 386 + 28 MeV 447 4 33 MeV 385 + 28 MeV 231 +£ 7 MeV 343 + 16 MeV
Reley] (9.2 +0.5) - 1072 0.11 + 0.01 0.12 + 0.00 0.13 + 0.01 (3.1+£05)-107% (7T9+0.5)-1072
Im|ey] (—5.1+06)-107% (—8.8+0.9) - 1072 —0.12 £ 0.01 (—4.7 £0.8) - 1072 0.19 £ 0.01 (—7.24+0.5)-1072
m 1721.7 + 10.5 MeV 17307 MeV 17307 MeV 17307 MeV 1793.4 £ 6.7 MeV  1698.2 + 10.6 MeV
| g 211 + 12 MeV 2607 MeV 2607 MeV 2607 MeV 120 + 6 MeV 203 + 10 MeV
Releyr] | (—8.1£0.5)-1072 —0.11 £ 0.01 —0.12 £ 0.00 —0.11 £ 0.01 (—2.7+04)-107% (-7.3+0.5)-1072
Tim [re] (2.6 £ 0.8) - 1072 (4.1+£0.8)-1072 (9.8 £0.7)- 1072 (20+£07)-107% (404+03)-1072  (45+08)-1072
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IB corrections to B__,

« Contributions to B, from the isospin-breaking corrections for the different models.

Davier et al.

GS
+0.69+£0.19

KS
+0.72+0.19

GS
+0.62+0.09

- 2 +0.10
+0.64°0.00

GP
+0.48°0 18

Seed
+0.497 10

Source ABCYVE (1072)
GS KS GP Seed
SEwW +0.57(1)
Gem —0.09(})
FSR —0.19(2)
m.+ — m-o effect on o +0.20
Mex — myo effect on T', —0.21 —0.22 —0.22 —0.23
my+ —myo effect on I’ — - —0.02 —0.03
m,= — 1M 0 +0.08(8) +0.09(8) —0.02(2) —-0.02(2)
p — w interference —0.08(0) —0.09(0) —0.09(0) —0.06(0)
p — ¢ interference —0.00(0)  —0.00(0) - —0.00(0)
7wy, electromagnetic decays +0.34(3)  +0.37(4) +0.34(4) +0.34(4)
TOTAL +0.62(9) 40.64("§) +0.48(2) +0.49(2)
Alejandro Miranda (IFAE) QNP2024
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 Contributions to a, from the isospin-breaking corrections.

IB corrections to a,

Source &a.ﬁ"'d-l'o [, 7] (10719)
GS KS GP Seed
SEW —11.96(0.15)
GEM —1.719 0%
FSR +4.56(0.46)
my+ — mgo effect on o —7.47
my+ — mgo effect on I’ +3.74 +4.12 +4.07 +4.13
my+ —mpo effect on I’ — — +0.37 +0.36
Myt — My +0.10550  —0.043000  +L8TIR +1861E
p — w interference +3.84(0.08)  +4.00(0.08) +4.33(0.07) +3.5?({].Um
p — ¢ nterference +0.09(0.03) +0.05(0.03) — +0.13(0.03)
Ty —6.09(0.67) —6.68(0.74) —6.19(0.68) —6.21(0.68)
TOTAL —14.9071%  —15.15710  —12.1373%  —12.7473 %

Davier et al.

GS
-16.07£1.22

KS
~16.70+1.23

GS
-14.90;%

KS

15154348
-12.132%

Seed
-12.742%

Alejandro Miranda (IFAE)

QNP2024

=20

-15
Aa;“""m[m,r ] (10719

-10

20




T decays

e"e CVC

»

_—
F———

T T T T T T

Belle
25.24+0.01+0.39
CLEO

25.36+0.12+0.42
ALEPH
25.47+0.10+0.09

LPHI
25.31+0.20+0.14
L3
24.62+0.35+0.50
OPAL

25.46x0.17x0.29
T average
25.40+0.10

CMD2 03 (0.61-0.96)
25.03+0.22+0.22

CMD2 06 (0.37-0.52,0.6-1.38)

24 B2+0.22+0.22

SND 06 (0.39-0.97)
24.81+0.33+0.22

KLOE 08 (0.59-0.97)
244710222022

BABAR 09 (0.3-m,)
25.15+0.18+0.22

KLOE 10(0.32-0.92)
24.53+0.22+0.22

e ¢ average

24.84+0.14=+0.22

Miranda & Huig 2020 (BABAR 12)
24.75+0.29

BABAR 12 1B from Davier et al. 09
25.11+0.18+0.22

CMD3 IB from Davier et al. 09

05 67+0.1820.22

GS (BABAR 12)
25.06:+0.18+0.09
GS (CMD3)
25,63+0.180.09
KS (CMD3)_
28,6340 18”108
Gb (CMD3)°
25.48+0.18" 048
Seed (CMD3
25.50+0.18" o0
L

23.5

Alejandro Miranda (IFAE)
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There is a good
agreement between

the e*e” prediction via CVC
and measurement.
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Conclusions

« An important independent cross-check is provided by the tau branching fraction, another key quantity
which can be directly measured.

« There is a good agreement between prediction and experiment for BaBar and CMD-3.

* In light of the puzzling situation regarding the IB-breaking corrections in the tau-based method, there
is a significant effort in the lattice in this regard.

* In this perplexing scenario, we insist about utilizing tau input for the dominant di-pion channel.

Alejandro Miranda (IFAE) QNP2024 22
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Isospin-breaking corrections

ZBE?EE*'GUI"'UEQ

cve —2 24+0.010.

AB-Y- (1077) e, CLEO
25.44+012+0.42

GS model KS model ey  ALEPH

25.49+010x0.09

Source

—e—h DELPH

SEW +0.57 +=0.01 353110.200.14
- . g 1 L3 + +
GEM —0.07 +0.17 ﬁﬁﬁi[mﬁ_ﬂm
25.46+017x0.29
FSR —0.19 = 0.02 1 average
25.42+0.10
p-w interference —0.01 = 0.01 —0.02 £0.01

m,.+ — m,o effect on o +0.19

e'e” CVC CMD2 03 (0.61-0.96
— - 25.03£0. 22{+|:| :I

—— CMD?2 06 (0.37-0.52, 0.6-1.38
2432+022£"EI )

SMND 06 (0.39-0.97
H=p=——H 24810+ 0.33+0.22 )

Myt — M0 +0.08 = 0.08 +0.09 4 0.08 KLOE 08 (0.59-0.97)

Pbare H—a—H 24.4710.22%0.22
ey, electrom. decays +0.34 £ 0.03 +0.37 & 0.04 —e—+  BABAR09 (0.3:m,)
PN KLOE 10 (0.32:0.92)

+0.69 = 0.19 +0.724+0.19 24535022202

+0.69 £+ 0.22 ..l....l....l....l.“.l..Zf'ﬁt.ﬂ]lf_.?'z.z...l....l..

m,.+ —m._ o effect on I', —0.22

23.5 24 24.5 25 25.5 26 26.5 27 27.5

Eur. Phys. J. C66, 127 (2010) B(t svarn) (%)
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