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Update of the HLS Results

e Main Focus : the K*K™ Sector

» Use of Exponentiated Coulomb Term & FSR,

A.Hoefer et al. EPJC 24 (2002) 51 I

» Reexamining the K*K™ Data within HLS :

K+K- : CMD2 Phys. Lett. B669 (2018) 217

K+K- : BaBaR Phys. Rev. D88 (2013) 032013

K+K- : CMD3 Phys. Lett. B779 (2018) 64

K_K;: CMD3 Phys. Lett. B760 (2016) 314
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Data Handled via Global Fits

. AImost all (~50 60) existing data samples used
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c Devoted treatment of normallzatlon errors

(unbiasing method) | M.Benayoun et al. EPI 75 (2015) 613

n+ nt- : KLOE 2 JHEP 1803 (2018) 17
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Revisiting ete” - K* K~ within BHLS2

e Method : global fit of the HLS channels/Data
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Together with CMD2/CMD3/BaBar ete" - K K-
data samples each in turn




Systematics in ee" & K* K" Data

Systematics (1.00 to 1.03 GeV Region)

e CMD2 :06=2.2%

e BaBar : 0 =(E<1.01 GeV) 0.82 % (E> 1.01 GeV) 0.72 %
e CMD3 :0=2.0%

-------------------------------------------------------------------------
o5 ¢
N

: (normalization uncertainties)
2/ Normalization correction :

: sampled on a gaussian pdf D_, . .(m=0,0)
3/ Each Experiment : one sampling A of D

norm.

.
. *
-------------------------------------------------------------------------



Scale Uncertainty & Correction

M. Benayoun et al. EPJ C75 (2015) 613

* Normalization correction :

A={ MV m-M ]}/{ MTVM +%}

------------------------------------

------------------------------------



CMD2 e*e - K* K" & global FIT

CMD2 K* K

¢ EEEEE N EEE N EEE NN EEEEEENEENEEEEEEEE)y

photon VP from DN
FSI (FSR+Coulomb): FJ

.lIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

eiEEEEEEN,

E<1.05 GeV :
a (K* K)=17.28 £0.29

: (incl. 1995)
Rescalings : 1.005/1.013
X2/N,=31.28/36 (95.4%)

.llllllll’

FIT with CMD2 vs Data © K'K™ cross-sections
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ete- =2 K*K :CMD3 & BaBaR vs CMD2

Bulk of data samples for several channels

in the ¢ region (K, K. /ity /ny /muut) almost solely
collected by CMD2 & SND :
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Assumption on Energy calibrations around the ¢ :

» Ecmpz = Ecmps + OEcuips
» Ecmpz = Egagar + OEgaar
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BaBaR e*e' = K* K" & global fit

BaBar Data :

Fit up to 1.025 GeV

DN’s VP:

o x%/ Np=47.5/27 (89.2%)

E<1.05 GeV :
+ a,(K*K')=18.12 +0.21

a (BaBaR <1.06)=18.64+0.16

BaBar (shft)fit vs Data | K'K™/KKs cross—sections

Eae o F
o) - _ | i -
€ 2000 |+ 1995 CMD2 KK® | '€ 2000 F SND KK
‘Ef 1780 F 2004 scan 1 \Ef 1750 f_o 2001 neut. 1
ot 2t T
sSCan o o cn. ;
1250 o 2004 scan &0 1250 " 2001 ch. 2 F ‘"
1000 |+ 2017 CMDY 4 1000 5' A
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] /
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e . | I ] - MR R
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= p c o 1995 A
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+0.13
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BaBaR ete” & K* K" & global fit Il

(Meas-Fit)/Fit

BaBar Data :
Fit up to 1.025 GeV
Unshifted Data :
X2/ Np=83.0/27 (43.2%)
Shifted Data :

2/N =47.5/27 (89.2%)
CMDZ Rescallng =]. 05

0.3

BaBar Fit ws Daota - Uncorre

F = Original BaBaor 2013 K" K7

0.5k ' ' :
0,98 1 1.02 1.0 1.06

04 -
[ o RAW CMD2 K* K- 20{}8;
0.3 F« RAW CMD2 K K™

—0.2 |

4 0
v's (GeV)

2008

cted Mormalized Residuals

0.5

0.4 F = Shifted BoBar 2013 K" K7

0.2
0.3

_niE 2
—04F
o5k

oF
-1

Nﬂ-ﬁﬁ

I 1
D98 1 1,02 1.04 1,06

va (GeV)
0.4 -
- - Rescaled CMD2 K' K™ (2008)
U.3 F. Rescaled CMD2 K* K~ (2008)

0.2 |

-0.3F




BaBaR ete” & K* K" & global fit IlI

BaBar Data :

Fit up to 1.025 GeV
DN’s VP:
e 8E, ;. o=-132.0+19.1 keV =
F)’s VP: i
o 8E,.q=-121.0+16.2keV = .
FI’s VP: g

o 6Ey..=-135.1%21.2 keV °
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BaBaR ete” & K* K" & global fit IlI

BaBar Data :

Fit up to 1.025 GeV o
DN'’s VP: il o

o 8E, ;..=-132.0 £ 19.1keV =
F)’s VP: o
* BEgpor=-121.0£16.2keV ~| .
FI’s VP: '

o 8Ey..=-135.1%21.2 keV °
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a, from BHLS2 Fits (update I}

HLS channels :
FSI updated

——————————— incl. 1SR
DHMZ10 (ete)
8.0 4 4.9
DHMZ10 (e*e 1)
19.7 + 5.4
JS11 (etefr)
2.4 =+ 6.0}
HLMNT11 (ete”)
6.3 + 4.9
DHMZ10/J811 (e'e™ fr)
8.0 + 4.6

IIIIIII{II

BODIISY (ete™47) 7
BHLS 377 £5.1
BDDJ15* (e*e™47) [1.2 a]
o .1 £5.0
on cnanneis . DHMZ16 (cc") J
274 +4.2
FIIT (ete”+r4ar phases) 3
.8 +35
HVP update from FJ KNTIS ()
271 £ 3.6
.‘lllllllllllllllllIIIIIII‘ Iilll‘w"{AlldaLa,-"l.-"U‘kiDE}l [ - 15
u 3291 £ 4.30
|
o 4 AD D SYST - BHLS2 BD1&* (All Data//BaBaR) +e 20
] [ ] [ ] - 3228+ 4.X)
- « - excl. ISR -——--—-
s EEEEEEEEEEEEEEEEEEEEEEENS DHea09 (e *e) [— [3.5 a]
3 +58
BDODLI12* {ete ) —— [.1 4]
BT£53 X * HLS global fit
——————————— cxperiment —-—---=---= )
BNL-E821 (world average) # HLS best fit
0.0+6.3
: T T T T : T T T T Ll 1] 1] 1] 1] Il Ll
50) 0 50
[ = o, [Exp)] < 10™
o Erp)=10™ = 11659209.1
[aul Exy 14 .




Global fit : CMD2 & BaBaR ete” =& K'K-

Data :

lobal Fit (s

hift /rescaled

Y I K'K™ cross-sections

BaBar E< 1.025 GeV
CMD?2 (Z scans)

-------------

llllllllllllll

o xZ/Np(CMDZ) 36 4/36
* X°/N (BaBaR)=49.7/27
Reminder:

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

-
'''''

* CMD2Z 2008 origin

]
........

lllllllllllllllllllllllllllllllllllllllllll




Global fit : CMD2 & BaBar ete- = K*K-
BaBar & CMD2 Data:

SEpapan =-115.9217.4keV o o

(BaBar Fit ¢ mass vs CMD2: |

Am=(-)99 +8 0, t13p.5ar KEV |

CMD2 Rescaling factor :
1.041 +0.005

llllllllllllllllllllllllllllllllll

llllllllllllllllllllllllllllllllll

E<1.05 GeV :
+ a,(K*K")=17.83 +0.20
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Global fit : CMD2 & BaBar ete- = K*K-

BaBar & CMD2 Data:

Global Fit vs

Data <

OEg.p.r =-115.9 £ 17.4 keV
CMD2 Rescaling factor :

= Original BaBar 2013 K™ K~

§
@%#h

Hy

1.041 +0.005
Still a = 2. o effect !

Fit Prob. 85.8%

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII F_IF

NO OBVIOUS INCONSISTENCY .
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a, from BHLS2 Fits (update II}

HLS channels :
FSI updated

incl. ISEH

BHLS
Non HLS channels :
HVP update from FJ
‘e +ADD. SYST. : [[Bms2

'lIIIIIIIIIIIIIIIIIIIIIII‘

DHMZLD (2Fe) | 3.1

280 + 4.9
DHMZ10 (e te 47) ——{ 2

19.7 + 5.4
JS11 (ete 1) —e— 3.

294 £+ 6.0
HLMNTI11 (') - 1.3

26.3 £ 4.9
DHMZ10/1511 («Fe 41) = [3.¢

280 + 4.6
BDDILEY {ete™47) —— 7

377+ 4.1
BDDJ15" (ete™ 1) e .2 7]

3.1 £+ 540
DHMZ16 (e -] [3.¢

274+ 4.2
FILIT (ete” 4r+an phases) =] 3

38+ 355
KNT18 (¢ 7) = 3.7

27.1 + 3.6
BD1&% (All data//CMD2) e 15

3201+ 4.30
BD1&* (All Data//BaBaR) e !

3228+ 4.2
BD1&% (CMD2//BaBaR) e

3277+ 4.22
——————————— excl. ISR ———————

DHeal8 (ete) - [3.5 o]

M3 £ 58
BDDI12Y (ete=47) i .1 7]

BT £53 ) * HLS global fit
——————————— experiment —-—-—---—---— :
BNL-E&21 {world average) * HLS best fit

00+6.3
: T T T T : T T T T L] Il
50 0 50

[a, = a,(Exp)]x10"
[, Exp) < 10M = URFI209.1




CMD3 efe - K* K" & global fit |

CMD3 Data:

Fit up to 1.025 GeV

Most likely fit : FJ’s VP

. xZ/Np=29.7/16 (87.7%)
" OEpp3 =-76.4 £ 9.9 keV
E<1.05 GeV :

* a (K"K )=18.75 +0.16
a,(CMD3<1.06)=19.33+0.40

.
;;;;

= BaBar 2013 shift —1

32 keV
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CMD3 e*e" - K* K" & global fit li

CMD3 Data :

Fit up to 1.025 GeV
FJ’s VP:

e CMD2 scale =1.10

(= 4.5 6 pip))
e BaBar scale =1.034

-----------------------------------

llllllllllllllllllllllllllllllllllll

CMO3 Kc (shft)fit - K"K Residuals, NO RESCALING, FJ WP

0.4 | *CMD3 2017 ORG K’ K~

R
0.4 £ ©CMD3 2017 SHIFT K* K-

1.06
Vs (GeV)

» CMD2 K* K™ {2008
- CMD2 K* K™ {2008

n.} |||||||||||




;Applying Rescalings :

CMD3 e*e" - K* K" & global fit li

EEEEY

Cpmmnnnn el EhEt e e s BN e e

0.5

04 F

0.3
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-0.2
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=04
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| | o
. I
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e

B
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= CMD3 2017 shift —76 keV
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o

L L L 1 L
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a, from BHLS2 Fits (update llI)

HLS channels :

FSI updated

Non HLS channels :
HVP update from FJ

‘IIIIIIIIIIIIIIIIIIIIIIII

* + ADD. SYST.

EEEEEEEEEEEEEEEEEEEEEEEESD

BHLS

———————————— incl. 1SH
DHMZL10 {ete)
280 +40
DHMZLO (e 1)
19.7 + 5.4
J811 {etem+47)
204 + 6.0
HEMMNTIL (ete)
26.3 + 4.9
DHMZ10 /1511 {efe 7))
280+ 46
BDDNILSY (&b 41)
3TT£51
DHMZ1G (2'e7)
274 +4.2
FJIIT (ot

fprar phases)
308 £ 3.5

KNT18 {«t27)
271 4+ 36

IIIIIIIII

[3.6 4]
[2.4 7]
[3.4 =]
(3.3 7]

(3.6 7]

[3.6 =]
(.3 7]

B.7 4]

BHLS2

BD15* (All data//CMD2) e
3291+ 4.30

BD18# (All Data//BaBaR) e
3228 + 4.2

BD15* (CMD2//BaBaR) e
3277+£4.22

BD1s* (CMD3) | [.2a] [Pr=83%]
31.60 4+ 4.28
———————————— excl. I1SRH ——————=
DHea0® («te) - [3.5 4]
3 £ 58
BDDNI12ZT (ete=47) —e—i (.1 4]
3BT7+£53 i * HLS special fit
———————————— experiment -—-------
BNL-E&821 {world average) #* HLS best fit
0+ 6.3
f 1 1 L) L)
a3l {] all

[, = o, [ Exp)] ]’.z[;“

[, Exp) 10 = 116592091




Additional syst. to a V"

* Updated value for 10*%a HVP:

lllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllll

with addltlonal systematics

exp_.th [—=
[aﬂ -2, ] 32.2810.5¢m 04, £0.7ppy £420, £6.30

em

e 05, +04, +07cyp,  May contribute as bias

m

 Aa VP2 30.68 £4.20+6.30 (4.1 o)
e CMD2 update ?

exp
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Conclusions

CMD2 & BaBaR distant each from CMD3 by >4 ¢
CMD?2 distant from BaBaR only by = 2.2 o5,
CMD2 & BaBaR fit well within the HLS framework
New Reference central value (using BaBaR) :

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Additional syst. account for the CMD2/3 fits
CMD2 update : welcome!
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The HLS Phenomenology

 Once broken, the Hidden Local Symmetry model:
a unified VMD framework for

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

|
AN T I NN EEEEEEENEN 4 =
]

: & PVy, Pyy decays & (n/n’ > ynm) & :F /FIs at s<0

------------------------------------------------------ ‘-’I-- sl Eslsl @l B t'

(HLS Correlated via their underlying physics)
[83% of the muon HVP]

» Limit : One vector nonet (the best constrained)
v Up to the = ¢ mass region ( = 1.05 GeV)
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Scale Uncertainty

* Minimize: M. Benayoun et al. EPJ C75 (2015) 613

7 =[m-M ATV m-M-21A]+2"/ 5’
e Solve for A (A= m or M) gives:

7 =[ m-M ]T[V+02AAT ] [m—lvl ]

iz{ AV m-M ]} { ATV\;;:i:} -----
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The photon HVP functions

1.2

1.15 | Fd

ON

o8

" | I L 1 L PR | " L | I " PR | L " | - P 1 L PR | 1 PR |
=0.4 -2 o 0.2 0.4 0.6 0.8 1 1.2
s (CaV®)



Uncertainty on photon HVP

No unique way to treat narrow resonances

1.08

1.02 1023 1.03 1.035 1.04 1043 1.05 1.055 1.06
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IF.F

e Data

Pign Form Factor (original spectra) Lras
I | 50
e o CESR 17 [ |
45 ._ : ! mEES || 15 4|:| _— 45 - * Helle
45 : ] LEND 88 ol a ALEPH
40 _-4 ‘ o CMDZ 98B wh F e CLEC)
! i k KLOE 12 Lof
L 35 I : :
e i 30 | 30}
30 .
3aof [ 25F
:25_ 25 PP PP B B B
L : | : i 0.7 0725 0.75% 0775 0.8
25 0728 078 0778 0.8 I
[ 20
15 |
10 |
51
| 00.3 0.4 0.5 0.6 0.7 0.8 0.9 1 1.1
1 | |
08 09 1 vs (Gev)
va [CaV)
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3 pion Data

Jir cross soction

1500 F * SND2003 , p—w peak 700 F . gND 2002 @ peak
E Ay E + CMD2 1995
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40
3
20
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| | | | 1 | | 1
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* NA7 s

cale err : 0=0.9%

Spocelike Dota vs Prediction

R2(m) | R
1 © NAY rescoled (X 1,011}
NA7 0.440 +0.007 (scale) [ * Fermilob g WAVM/
R g‘* (B
Fermilab 0.440 +0.031 . M
SELEX 0.42  +[0.06],,[0.06],, + +
1706.04020 0.432 +0.004 0.2 - PION FF (}(/Nu=54.0/59}
: te =0.429 X 0.002 fm’
BHLS 2018  0.430 £ 0.001 2 :’-j_:.s ' '-a.z:h; ' I_Elg;o;ﬁﬁ X .' Y E—
* Fermilobs | | ﬁ'w
sz (fmZ) mB - - 1 T 4+
NA7 0.336 + 0.046 (scale) : ?
.« Analytic cont. Across> 1 GeV?
Fermilab 0.281 + 0.053 :
o2 |- K' FF (x*/Nw=20.1/25)
BHLS 2018 0.261 £ 0.001 : r =0.262 + 0.002 fm’
u—ﬂl.ﬁl — —0I25 - I—CILZI — IDI.15I I I—CI.‘I.1I — I—DI.GEI - L'IE'
s {CaV®)
B. Ananthanarayan et al. PRL 119(2017) 132002 .



e NA7 scaleerr: 0=0.9% |
I

NA7

0.440 +0.007 (scale)
Fermilab 0.440 +0.031
SELEX 0.42 *[0.06],.,*[0.06]
1706.04020 0.432 +£0.004
BHLS 2018  0.430 + 0.001
R, 2 (fm2)
NA7 0.336 £ 0.046 (scale)
Fermilab 0.281 + 0.053
BHLS 2018  0.261 + 0.001

= Unbiased FF’s

syst

[4A.)

t.5

4

Spacelike Data vs Prediction

o NA7 rescoled [X1.011)
= Fermilab

PION FF {3/ Na=54.0/59)

o =0.429 1 0,002 fm®
[ e ey g g ) e g B ey e B e e e B g e el
—'_‘CI.S —0.25 —Q.2 -0.15 [ —o.1 —0.05 n]
- + NAY rescoled (X 1,008}
= Fermilat

: . *
- Analytic cont. Across> 1 GeV? (ALY
- K* FF 3/ Na=20.1/25)
E r’ =0.262 + 0.002 fm*
—CILE-I I I—OI.ZEI - I—(!L.EI - I—tlil,15I I I—CIJ,1I — I—DIJ}EI — EI?
s {CaV®)
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Lack of constraints : F_at ¢

e Missing exp. spectrum for F_(s) around ¢
Constraints : Br(¢ - n* ) &Br(d = et e)*Br(p - nt* )

14 |

12 |

10 |

o2 N - T

1
Vs (GeV)

14 |

10 F

n'n” Form Factor (g Region)

12 F

[ T R .
=

14 |

e -
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Spacelike & Threshold Regions

IF, /2

(o) wosE (8 i
*KLOE 10 | | ‘ - P
* SND 4
s CMD—2 | | ! F -
“NA7 sE Connection at
b threshold
1 F
| Lo | | | I |
—0.4 —C‘) 2 O OT2 © 7(‘)‘4 —(‘).2 O O.‘Z
s (GeV?) s (GeV?)

* NAY/

* Fermilab

[ Extrapolation to s<0 ]

—0.25 —0.2 —0.15 —0.1 —0.05 0
s (GeV?)
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