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Introduction

Test of QCD and ElectroWeak Interactions

April 2012

@ Inclusive decays: 7~ - (ud, us)v,

¥ Tdecays (NLO)

NLO)
es (res. NNLO)

Full hadron spectra (precision physics)

e~ Fundamental SM parameters:
as(myr), M, |Vs|

=QCD (M) =0.1184 +0.0007

@ Exclusive decays: 7~ —» (PP, PPP,...)v; ' Y QGev) ™

specific hadron spectrum (approximate physics)

@S~ Hadronization of QCD currents, study of Form Factors,
resonance parameters (Mg, 'r)

AT w(182)
1, o(98p
J—fgj {\ )

260) O
a1 (1259 5(1020)
hadron resonances
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Introduction

7 decays into two mesons

I A o
@ 7~ — (2P) v, : reasonable good control
@ 7~ - (3P) v, : reasonable good control

@ 7 — (> 3P) v, : poor knowledge

_ ) G _ — 570 4/
M(r” P P%;) = TZVCKMu(p,,T)'y“(lfys)u(p.r)(P P|d'~"ul0),

— 1/ / A — pr H - p/ A — b — /0
(PP 'y o) = CPPrO{(p——po— R ORE e <s>}

dr (r~ - P~ P%;) G}|Vm\2mishadc (1 s )2
ds - 76873 EWTPP MZ

X

2s PO
(1 2 )it ™ o« 2L 0
Ap-po = mp- —m;o, Cpr po * Clebsch — Gordon

S.Gonzalez-Solis CEPC workshop 12 november 2018 51&5



Introduction

7~ — v-+Strange

@ Tau partial width to strange ~ 3%

Branching fraction

HFAG Winter 2012 fit

Tiw=Kv;

T = K’rrUVT

Tos = K 27, (ex. K“)

Tos = K 370, (ex. Kn,n)

g5 = N’KOVT

Ty = ﬂ’iﬂwom

Ty = N’Kﬂwowum

Tss = Kb htu,

T =K nur

Tz = K- n%v,

iz =7 K'nu,

151 = K wyr

Tsor = K~ ¢va(¢ = KK)

Tgoe = K- 7w, (ex. K% w)
4.0

Tgos = K- 7wt 7%, (ex. K%,w,n)

0.6955 + 0.0096) - 102
0.4322 £ 0.0149) - 102
0.0630 + 0.0222) - 102
0.0419 + 0.0218) - 1072
0.8206 + 0.0182) - 102
0.3649 + 0.0108) - 1072
0.0269 =+ 0.0230) - 10~2
0.0222 +0.0202) - 1072

0.0048 + 0.0012) - 102
0.0094 + 0.0015) - 102
0.0410 £ 0.0092) - 102
0.0037 £ 0.0014) - 1072
0.2923 + 0.0068) - 1072
0.0411 £+ 0.0143) - 102

Ty =Xgvr
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(
(
(0.0153 % 0.0008) - 102
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2.8746 £ 0.0498) - 1072

@ 7 (K7r) v, and 7 - K1), — this talk
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Analyses of 7 decays into a pair of mesons T—> Knv,

T—> Kru,

@ Vector Form Factor:

Jamin, Pich and Portolés, PLB 640 (2006) 176-181

Jamin, Pich and Portolés, PLB 664 (2008) 78-83

Moussallam, EPJC 53 (2008)

Boito, Escribano and Jamin, EPJC 59 (2009) — this talk

Boito, Escribano and Jamin, JHEP 1009 (2010) 031 — this talk

@ Antonelli, Cirigliano, Lusiani and Passemar, JHEP 1310 (2013) 070

@ Scalar Form Factor:

e Jamin, Oller and Pich, Nucl. Phys. B587 (2002); PRD 74 (2006)
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Analyses of 7 decays into a pair of mesons T—> Knv,

T—> Kru,

@ RxT with two resonances: K*(892) and K*(1410)

Kt—(sgz) i{*_(822< K _822( <+

figure courtesy of

FKW( ) m%(* - HK*HKW(O) + s vs D. Boito
S = _ ’
Y D(mg+, vi+) D(mgsr, Ygeur)
D(Mp,ym) = m2—s-raRe[Hgr(s)] —imnln(s),
3
gy = 22T yie p o p 8 Tka(®)

Orr(m3e.) myx m2 o3 (m2)

@ We then have a phase with two resonances

Kn o1 [ ImF \5{ "(s)
677(s) =tan” | ————
ReF ™ (s)

CEPC workshop 12 november 2018 8/35



Analyses of 7 decays into a pair of mesons T—> Knv,

Vector Form Factor: Dispersive representation

@ Three subtractions: helps the convergence of the form factor and

6KW(SI)

FKﬂ'( ) P( ) S + 1 32 4 83 f d I
s) = P(s)exp|aj—— + —ao— + — s
v P1M2 "9 2mfr_ T Jskn (s)3(s" - s—1i0)

™

@ a; =), and o? + as = \| low energies parameters

A, 7§+1 A

FET(t)=1+ ERAE ST t?

° : cut-off to check stability
@ Parameters to Fit: N, | N, mugee, yicr, mgeer, Yo
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Analyses of 7 decays into a pair of mesons T—> Knv,

Fits to the 7~ —~ Ksm v Belledata g, o 200 and Jamin, EPJC 59 (2009)

Scut = 3.24 GeV? Scur = 4 GeV? Scur =9 GeV? Seut — 00
mg~ [MeV] 943.32 +£0.59 943.41 +0.58 943,48 + 0.57 943.49 +0.57
v+ [MeV] 66.61 4 0.88 66.72 4+ 0.86 66.82 + 0.85 66.82 4+ 0.85
mge [MeV] 1407 + 44 1374 £30 1362 +26 1362 +26
yir= [MeV] 3254149 240+ 100 216+ 86 215486
y x 102 —52420 —39+415 —35+13 —35+13
A, x 100 24.3140.74 24.66 + 0.69 24.94 +0.68 24.96 +0.67
A x 10 12.04 £0.20 11.99 +0.19 11.96 +0.19 11.96+0.19
x2/ndf. 74.2/79 75.1/19 71.2/79 77.3/79

10*

Data from Belle: 10°
Epifanov et. at., PL B654 (2007)

dNevents — lz Nevegts dFKﬂ’A .
N 23 T,B dys —bin

Nevents = 53110,

Abin =11.5 MeV oAs‘ 0.8 1 12 1.4 16 1.8

vs [Gev]
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Analyses of 7 decays into a pair of mesons T—> Knv,

Determination of physical resonance parameters
e Important: the pole! | /Spoic = Mp - 2T

D(mnyf)/n) = m% — Spole ~ HnRe [HKfr(Spole)] - Z‘Tnnrn(spole) =0

Model Parameters Pole Positions
(my+, v+ ) [MeV] (Mg, T g+ ) [MeV]
(943.41 £ 0.59,66.72 = 0.87) | (892.0+0.9,46.2 + 0.4)
(Mg, vie+) [MeV] (Mg, U'icxr) [MeV]
(1374 + 30,240 + 100) (127672, ,198*51)

K*(892) 107y = 307)

L d
p— K*(892) WIDTH

CHARGED ONLY, PRODUCED IN r LEPTON DECAYS

VALUE (MeV) EVTS DOCUMENT iD TECN  COMMENT CHARGED ONLY, PRODUCED IN 7 LEPTON DECAYS
895.47+0.20+0.74 53k GEPIFANOV 07 BELL 7~ — K%w‘ v, VALUE(MeV) ~ EVTS DOCUMENT ID  TECN ~ COMMEN
« o We do not use the following data for averages, fits, limits, etc. o o ® 46.2+0.6+1.2 53 26EPIFANOY 07 BELL + —
802.0 05 780ITO 10 RVUE = - KQnw, e o o We do not use the following data for averages, fits, limits, etc. » o
892.0 +0.9 89B0ITO 09 RVUE v~ — Kgfr’vT 46.5+1.1 27 goITo 10 RVUE 7~ —
895.3 +0.2 8,10 JamIN 08 RVUE v — Klr v, 46.2+0.4 28,29 goITO 09 RVUE 7 —
896.4 +0.9 11970 11BONVICINI 02 CLEO 7= — K~ =0y, 475+0.4 28,30 JAMIN 08 RVUE 7~ — .
895 +2 12 BARATE 99 ALEP r— — K~ xlu. 55 48 31 BARATE GOR ALEP +— — .
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Analyses of 7 decays into a pair of mesons T—> Knv,

Determination of physical resonance parameters
e Important: the pole! | /Spoic = Mp - 2T

D(mnyf)/n) = m% — Spole — HnRe [HKfr(Spole)] - Z‘Tnnrn(spole) =0

Model Parameters Pole Positions
(mg+, v+ ) [MeV] (Mg, Tgex ) [MeV]
(943.41+0.59,66.72 = 0.87) | (892.0+£0.9,46.2 +0.4)
(mx,vic+r) [MeV] (Mg, ') [MeV]
(1374 + 30,240 + 100) (127672, ,198*51)

(1410) 1UP) = 307 K*(1410) WIDTH

VALUE (MeV) DOCUMENT ID TECN  CHG COMMENT
K*(1410) MASS 232+ 21 OUR AVERAGE  Error includes scale factor of 1.1.
VALUE (Mev) DOCUMENT 1D TECN  CHG  COMMENT 1762 52422 ASTON 8 LASS 0 UKZp— K mln
o e _ A

141415 OUR AVERAGE  Error includes scale factor of 1.3 240 18412 ASTON 87 LASS 0 11K p— Klatz=n
1380£21£19 ASTON 8 LASS 0 11K—p— K-xtn o« » We do not use the following data for averages, fits, limits, etc. » » »
1420+ 710 ASTON 87 LASS 0 11K p— Koxtrn—n 4+ 6L 34 o
© o o We do not use the following data for averages, fits, limits, etc. » o » 1987 g7 4 BOITO 09 RVUE T~ = Ks,-r’ v
1276+72 1.2goiTo 09 RVUE = K, 114+101 BIRD 89 LASS — 11K p— Klap
1367254 BIRD 8 LASS - 11K p— KOrp 275+ 65 BAUBILLIER 828 HBC 0 825K p— K02rn
1474225 BAUBILLIER 828 HBC 0 825K p— KO2rn 500100 ETKIN 80 MPS 0 6K~ p— Kontr—n

+ T » KOntr—n . . .
15903 ETHIN 8 MPS 0 6KTp o Kimim 3From the pole position of the K vector form factor in the complex s-plane and using

E’I:I’I':‘Ath}l‘g\‘;on‘; :Zi:mn of the K= vector form factor in the complex s-plane and using EPIFANOV 07 data

2Systematic uncertainties not estimated. 4 Systematic uncertainties not estimated.
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Analyses of 7 decays into a pair of mesons T—> Knv,

Boito, Escribano and Jamin

Fits to 7~ - K¢n v, data+restrictions from K JHEP 1009 (2010) 031
= 2
exp rth,exp
2 2 Bgr - B}(ﬂ- th exp -1 th exp th,exp )\+ ’
ol | EE ) (A agR) Y (AR o ae) | e (e
oy AL
K
— 2 — — 2 /,exp _ -3
Sout =3.24 GeV?  sour = 4 GeV?  seur =9 GeV? s — 00 AP =24.9(1.1) x 10
By 0.429 £ 0.009 0.427 £0.008% 0.426 £0.008% 0.426 + 0.008% 11,exp _4
(Bik) (0.426%) (0.425%) (0.423%) (0.423%) Ay =16(5) x 10
My [MeV] 892,04 £0.20 892.02 £ 0.20 892.03 £0.19 892.03£0.19 ;v =-0.95
Tr- [MeV] 46.58 + 0.38 46.52 + 0.38 46.48 +0.38 46.48 + 0.38 p>‘+’>‘+ :
7 +30 +25 +24 +24
My [MeV] 1257750 126872 127012 127112
Ter [MeV] 3 238703 206+] 20567 exp. average: NA48,
7 X 102% —5.4%55 —4.4773 A1 KLOE, ISTRA+KTeV
Ay x 10° 25.49+£0.30 25.55 £0.30 25.55£0.30 :
X_;, % 10% 12.31 £ 0.10 12.20 4+ 0.10 12.1240.10 12.12+0.10 (Antonelll etal. 10052323)
X /n.d.f. 77.9/81 78.1 /81 79.0 /81 79.1/81
o TR R EE ] T
fit region
\ e E 150 |-
fi07 b M;(i’,’ Mg ] ¥
$ ) ) B0 |
& {4 ! ’W"ﬁ't Nf{ 100
A i’?‘#ulT ! :
10" B v : 4
- . 50 ;
vicor wl’ ” : LASS —o—
contribution o ! Estabrooks etal. —=
0L gl L :
10 L L L L I l 0 J,”i‘/I/ L L ! L L
06 08 1 12 1.4 16 18 06 07 08 09 1 11 12 13 14 15
Vs [Gev] my, [GeV]
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Combined analysis of 7~ - Kgn v, and 7~ - K nu,
@ Reason for a simultaneous fitto 7~ - Ksn v, and 7~ - K nu. Belle data

(Epifanov et. al. Phys. Lett. B 654 (2007) 65)

T o0 T
LA
. l' ® Unfolded/physical 7" —>Kgr™ v, Belle'sdata
° .
1000+ N '.. B Folded/detected T Kot~ v, Bellesdata | -
o s
&,
ii'. o
4 ity
5 ;iﬁ? - g ]
g } Precise experimental data : ¢ i ié 3 g
Lﬁ 7~ - Ksn™ v, seemsto beagood source for i ? Fﬂ%
10+

} determining the K*~(892) resonance parameters %Bﬁi E!

i A

Our proposal : toaddr~ - K™ v, tothe fitinorder
to constraint the K*~(1410) resonance parameters

06 08 10 12 14 16 18
Vs (GeV)
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Combined analysis of 7~ - Kgn v, and 7~ - K nu,
@ Unfolding 7~ - K nv, Belle’s data through an "unfolding" function from

7T > Ksm v,

100.0
50.0

10.0
5.0

Events/bin

1.0
0.5

0.1

e 'Unfolded r—K™nv, Bellesdata
F i 1 H B Folded ™ —>K v, Bellesdata
L [ giig ;ig i ﬁg =
: i i §§§§§
i f
10 12 14 16 18 20
Vs (Gev)

o Experimentalist: To provide unfolded data would be really useful

o Theorists: To provide theoretical models to be fitted by experimentalists
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Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

@ We relate the experimental data with the differential decay
distribution from theory through

dNevents 1 dr (r~ - P P;)

= {Veven SA in
d/s vents Sbin d/s

dl’ (7'7 — PfPOZ/T) GZ M3

= SewlVue ! OF (1-157)

dv/s 32735 - M2
2s 3A2 PO
Q1025 ) b OIFE ™ () 2222 g () (o)
M. 4s
@ PP =Ksn — Nevents = 53113 Apip, = 0.0115  GeV/bin
@ PP =Kn- Nevents = 1271 Apin = 0.025  GeV/bin

@ I', =2.265-107*2
@ Function minimised in our fit

th _ exrp 2 Bth_Bezp 2
Bl 5 ()

bin ONewp Kgn=,K=n O Bexr
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Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Results of the combined 7~ - Kgn v, and 7~ - K v, analysis

Escribano, Gonzalez-Solis, Jamin, Roig JHEP 1409 (2014) 042 — Fitto T >Ke1 v
T

10— — —1}— Fittor >Knv, i
e Unfolded 7~ —>Kgn v, Belle data
1000 o T —-Kgn v, excluded fit points
®  'Unfolded' 7" —»K nv_ Belle data
7 =K nv_ excluded fit points
g 100+ E
S e
] S=-s
2 -
5]
N
S (0 L A E
1L i
01 | L L L | L L L [ L L | L L L | L L N L |
0.6 0.8 1.0 1.2 14 1.6 1.8

Vs (GeV)
S.Gonzalez-Solis CEPC workshop 12 november 2018 17/35



Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Results of the combined 7~ - K¢n v, and 7~ - K nu, analysis

@ Different choices regarding linear slopes and resonance mixing parameters
(Scut = 4 GeV?)

Fitted value Reference Fit Fit A Fit B Fit C
B (%) 0.404 £ 0.012 0.400 + 0.012 0.404 + 0.012 0.397 = 0.012
(B2 (%) (0.402) (0.394) (0.400) (0.394)
Mpes 892.03 +0.19 892.04 +0.19 892.03 +0.19 892.07 +0.19
g+ 46.18 +0.42 46.11 +0.42 46.15 +0.42 46.13 +£0.42
Mpcsr 1305+13 130815 1305%13 1310712
D gesr 16854 212+5% 174158 184159
Yim X 10 =k 36711 33710 =Yk
Ny, x 10° 23.9+0.7 23.6+0.7 23.8 0.7 23.6 0.7
N x 10* 11.8+0.2 11.7£0.2 11.7+0.2 11.6 £0.2
By, x 104 1.58 £0.10 1.62 £0.10 1.57 £0.10 1.66 + 0.09
(B ) x 10 (1.45) (1.51) (1.44) (1.58)
Yrcn % 10 -3.4*1-9 -5.4*1-8 -3.9%14 -3.7t1:0
N, x 10° 20.9 £ 1.5 =\ 21.2+1.7 = Mo
Nigy x 107 11.1+04 11.7+0.2 11.1+04 11.8+0.2
x2/n.d.f. 108.1/105 ~ 1.03 || 109.9/105 ~ 1.05 | 107.8/104 ~1.04 | 111.9/106 ~ 1.06
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Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Results of the combined 7~ - Kgn v, and 7~ - K v, analysis

@ Reference fit results obtained for different values of sc.¢

scur(GeV?) 3.24 4 9 o0
Parameter )
B (%) 0.402+0.013 | 0.404 +0.012 | 0.405+0.012 | 0.405 £ 0.012
(BLE ) (%) (0.399) (0.402) (0.403) (0.403)
M 892.01+0.19 || 892.03+0.19 || 892.05+0.19 | 892.05+0.19
Dpes 46.04£0.43 || 46.18+0.42 || 46.27+0.42 | 46.27+0.41
M pesr 1301+17 130513 130614 1306*12
T pesr 207413 168752 15548 15548
YK~ =YKn =7YKn =7YKn =7YKn
N x 103 23.3+0.8 23.9+0.7 24.3+0.7 24.3+0.7
N x 10 11.8+0.2 11.8+0.2 11.7+0.2 11.7+0.2
By x 104 1.57£0.10 1.58 £0.10 1.58 £0.10 1.58 £0.10
(Bi,) x 10* (1.43) (1.45) (1.46) (1.46)
YKy x 102 -4.0%53 -3.4%73 -3.219:9 -3.2499
N, x 10° 18.6+ 1.7 20.9+1.5 22.1+1.4 22.1+1.4
N, x 10 10.8+0.3 11.1+0.4 11.2 0.4 11.2+0.4
x2/n.d.f. 105.8/105 108.1/105 111.0/105 111.1/105
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Results of the combined 7~ - Kgn v, and 7~ - K v, analysis

@ Central results including the largest variation of sy

Mg (892 = 892.03 £ 0.19 MeV
Do (892) = 46.18 + 0.44 MeV
Mice-(1410) = 1305718 MeV

I s (1410) = 168785 MeV
YK= = YKy = -3.412.1072
Brer = (0.0404 £ 0.012)%
Bxy, = (1.58 £0.10) - 10~
x?/d.o.f =108.1/105 = 1.03

S.Gonzalez-Solis

}no gain

}improvement

CEPC workshop

— e Boito etal. '09
(T -Kszv,)

Boito et al. '10
(T ->Ksmt v, +K3)

——e— Escribano et al.'13
T =K npv)

This work

——

1300 1400 1500

My (1410 IMEV]

1200

Boito et al. '09
(7 -Ksz v;)

Boito et al. '10
(T -Ksm v +K3)

Escribano et al. '13
T =K pv)

This work

1600

300 400
rK“(1410j [MeV]
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Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Results of the combined 7~ - Kgn v, and 7~ - K v, analysis

e = (23.940.9)-1073

N (20942.7) 107 }isospin violation?
Ky =(209+2.7)-

Ki,
e ISTRA+ '04
e NA48 '04
—h— KLOE '07
—A— KTeV '10
—a— FLAVIANET '10
T+K| 3
—— Boito et al. '10
——i Bernard '13
—e— Antonelli et al. '13
T —e Moussallam et al. '08
—o— Jamin et al. '08
——i Boito et al. '09
—. This work [K™7p]
‘ ‘ — ‘ This WOI’I‘( [Ks™] ‘
20 22 24 26 28 30 32
A,-10°

S.Gonzalez-Solis CEPC workshop 12 november 2018 21/35



Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Results of the combined 7~ - Kgn v, and 7~ - K v, analysis

fer=(11.840.2)-107
Nen = (11.1£0.5) - 107

rrrrrrrrrrrr 111 TrT
Ki,
- A ISTRA+ '04
A NA48 '04
A KLOE '07
A KTeV '10
—A———— FLAVIANET '10
‘l"i'I(]3
. Boito et al. '10
o Bernard '13
. Antonelli et al. '13
T . Moussallam et al. '08
. Jamin et al. '08
. Boito et al. '09
- This work [K™7]
HHHHHH-HHHHHHHHHThiswork[Ksn_]
0 4 8 12 16 20 24 28

"
4
1,10
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Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Prospects of improvement

@ Call 1: to release 7~ — K~ nu, acceptance corrected

@ Call 2: to provide 7~ - K~ 7nv, data (acceptance corrected)

-
o

-
Q
URRELL

Events/0.02 GeV/c? (x10°%)

- -
(=] o

& 0 -

L B L B L B AL

o
F

0.8

1.2

Phys.Rev. D76 (2007) 051104

@ Call 3: K~n - K n scattering — K7 phase shift
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Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Applications of the K~ Form Factors

@ Dispersive representation of the K form factor suited to describe
both 7 - K7, and K3 decays

f+(Vs)
Ny 1 Jp I

Fro =1+ Tty —H? < Dispersion Relation

Fro=3 ciBW(s)

7 decays

figure from D. Boito

\me 05 10 L5 oy

@ K3 decays are the main route towards the determination of |V,|*

20

1 ~ ~
Pty o< Vs PIESO)P T T = — [ dt(pes.) [Fo()? + n(t,mo) Fo(1)?)
) My N )

ChPT, lattice RChT+ dispersion relations
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Analyses of 7 decays into a pair of mesons Combined analysis of 7~ - Kgn vy and 7~ — K nuv,

Predictions for the -~ - K 1'v, decay

@ Decay dominated by the scalar Form Factor (~ 90% of the BR)

30 T
Both FFs Breit — Wigner
Vector FF BW
251
--- PP+ JOPFF,
= 10 JPP+JOPFF,
2.0r
2 Yo nea R,
°
S15[ PP (Vector FF)
I~ ---- BEJ(Vector FF)
E]
1.0+
0.5+
09 7= 18
Vs (Gev)
Source Branchig ratio
Breit-Wigner (1.45738%)-107°
Exponential representation (1.00%5:35) -107°
Dispersion relation (1.03%3:3%5) -107¢
Experimental bound <2.4-107%at 90% C.L.
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Analyses of 7 decays into a pair of mesons T > w_n(') vy

= -7 1"y, decays

Motivations

@ 7 - 7 v, belong to the second-class current processes unobserved in
Nature so far (Weinberg *58)

G - Parity : G|X) = "™ C|X) = (-1)"C|X)
Gldy"u) = +|dy"u) # Gln n)=~|r"n)
@ Itis an isospin violating process (m. # mq,e # 0)

@ Sensitive to the intermediate vector and scalar resonances (p, p', ao, ag...)
coupled to the ud operator

Purposes
@ To describe the participating hadronic form factors

@ Resonance Chiral Theory (this talk)
@ Dispersive parametrization (Moussallam’14)

@ To predict the decay spectra and to estimate the branching ratios
@ To stimulate people from B-factories (Belle-1l) to measure these decays

S.Gonzalez-Solis CEPC workshop 12 november 2018 26/35



Analyses of 7 decays into a pair of mesons T > w_n(') vy

(") form factors in resonance chiral theory
@ The Vector contribution current occurs via 7%-n-n" mixing

.0

,]m o (770) 7/(,) /,70) W/J n")
- p(1450) I +
w.< = ww< + M
T T T \ﬂ’ T

v P _
in ,(3) - ( Enn )x 14 Z VC;V 28 _ ( fTrﬂ ) < F&(S)
FV n (5) Exn’ Vp.p/,p" F MV -s Emny l«
——

Pion Vector Form Factor
Interpolating function from Belle data

@ The Scalar contribution Breit-Wigner with a¢(980) and ay(1450)
20,

suppresion

[~ B. Wigner [a,(980)] 14 I— B. Wigner [ao(980)]
- B. Wigner [20(980)+20(1450)] 12 |-- B. Wigner [ag(980)+ao(1450)]
15 ] |
10
N »
8
= 10 ':\_/ \
W w6
5 4 '
2
8o 05 0~ 15 20 8o 05 10 15 20
Vs (GeV) Vs (Gev)
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Analyses of 7 decays into a pair of mesons T > w_n(') vy

Scalar Form Factor: Omnés integral
@ Analyticity and elastic unitarity through the Omnes solution

F7 7 (5) = P(s) exp| 22 = P(5)Q(s)

OOd ,
/sth § (s"—s0)(s" —s—1ie)

@ Elastic unitarity: Form factor phase=4,-, ) 2 — 2 elastic scattering

Imt;0(s) Nio(s) N(s)
= arctan , tio(s) = =
Ret o(s) 1+g(s)Nio(s) D(s)
@ Nio: U(3) xU(3) amplitudes in RXT (Guo-oler: Phys Rev. D84 (2011) 034005)

>< >< > e #%LLMH}; %= cal V3
< [ et Y

50

oL . _ +2.0
R e e g e ca = 198735 MeV
T e = 1,975 MV

; , ol E b 2
- [+ crossed ool ]&‘Hﬁﬁﬁ J ITW T Mgy, s = 1397757 MeV

— FPRRLLE I

s 025 . = +30

@ @ i MS1 = 1100755 MeV

Energy (MeV) Energy (MoV)
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Analyses of 7 decays into a pair of mesons T > w_n(') vy

Scalar Form Factor: Omnés integral
@ Analyticity and elastic unitarity through the Omnes solution

F(;Ti"(,) (9) = P(S) eXp > ;SO fs: ds’ (s’ _ SO)(SI _5— iE) - P(S)Q(S)

@ Elastic unitarity: Form factor phase=4,-, ) 2 — 2 elastic scattering

Ith()(S) NI,O(S) N(s)
= arctan —————=, t10(s) = =
Ret10(s) L+g(s)Nio(s)  D(s)
@ Nio: U(3) xU(3) amplitudes in RxT (Guo-Olier: Phys.Rev. D8 (2011) 034005)
? .
8+ ]
- I
© 6 @ 10
2 /\ ' :
] 1
8.0 0.5 1.0 15 20 25 3.0 0.0 0.5 1.0 15 20
Vs (Gev) Vs (Gev)
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Analyses of 7 decays into a pair of mesons T > w_n(') vy

7~ - 7 1", : Invariant mass distribution and Branching Ratio

' ' H ZFull veetor + elastic sealar
5%. 1k Fi -~ Full: vector + 3 coupled channels ||
e ,". e '\.\ -« Full: vector + B. Wigner (2 res)
it e . |- Vector
L o . = 001}
=2 2 —4
S o01f 510
) =
20.001 — Full: vector + elastic S 1076
= Full: vector + 3 coupled channels
1074 . Full: vector + B. Wigner (2 res) 10-8
- Vector
5 . ] ] ) ) 10—]0 L L L L
106 08 10 12 14 16 18 1.0 12 14 1.6 18 20
@ 7 > U, Vs GV Vs (GeV)

e Theory predictions: BR ~ 1 x 10~ (Escribano’16, Moussallam’14)

e BaBar: BR<9.9-107°95% CL, Belle: BR<7.3-107°90% CL
I 2

e Theory predictions: BR ~ [1077,107%] (Escribano’16)

e BaBar: BR<4-10°90% CL | Challenging for Belle Il
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Analyses of 7 decays into a pair of mesons 7> wlu, and > K Kgvr

T — 7r_7T01/T

Governed by the pion vector form factor £7;(s)

Enters the description on many physical observables
Interest: ~ 65% of (g —2),, LFV hadronic tau decays etc.
Extraction of the p(770) meson parameters

°
°
°
°
@ Sensitive to the p(1450) and p(1700) resonances
°

Extensively studied object
o Gounaris-Sakurari (1968)

Guerrero and Pich, PL B412 (1997) 382

Pich and Portolés, PRD 63, 093005 (2001) 382
Hanhart, PL B715, 170 (2012) (2012)

e Dumm and Roig, EPJC 73 2528 (2013) (2013)

Celis, Cirigliano and Passemar, PRD 89, 013008 (2014)
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Analyses of 7 decays into a pair of mesons 7> wlu, and > K Kgvr

Dispersive representation ¢, Cirigliano and Passemar, PRD 89, 013008 (2014)
@ Dispersive representation of the pion vector form factor

3 /
@2 2 S o d(s")
F{(s) =exp [als to s , ds (595’ — 5= i0)

@ Form Factor phase: tand(s) = ImFV(s)/ReFV(s)

. M2+ (a'e'® + ae®)s

Fols) = — e _ Fujikawa et. al. PRD78 072006 (Belle)
M% —s5+ Kp(s)Rc[Aa.—(S) + %AK(S)] - iMPrp{S) T T T T T ™
a'eld's a'e’®'s — Fit result
— === 6 .
T DT © ]
with
D(Wt, Tg) = W = s + kp(s) Red,(s) — ifTgFp(s). () 5 1
>
In this equation M and f‘R are model parameters. f‘R and =
Kp are given by
0.1
. 5 s (o%(s) + 1/20%(s))
I} =Tp— s,
! W (S2(3) + 1/20%(013))
3 (8) . . . . . .
Kpls) = F_ il 0015 0.5 1 1!5 5 25 3

My (ol (ME) + 1/20% (M%) s [GeV]
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Analyses of 7 decays into a pair of mesons 7> wlu, and > K Kgvr

Determination of physical resonance parameters

@ Important: the pole! | /spoie = Mg — 2T

Source Model Parameters Pole Positions
(mp,7,) MeV] (M,,Tp) [MeV]
Dumm’13 (843.0 £ 0.50,206.0 = 0.1) (759 + 2,146 = 6)

(mp/, vpr) [MeV]

(M .T,r) MeV]

Celis’14/Dumm’13

(1497 + 7,785 £ 51)

(1440 + 80, 320 = 80)

(mp”a’}/p”) [MeV]

(Mp”vrp”) [MeV]

Celis’14/Dumm’13

(1685 30,800 + 31)

(1720 £ 90,180 + 90)

16UPCy = 1+ =)

p(1450) WIDTH

See our mini-review under the p(1700)

i VALUE (MeV,

«x MODE

VALUE (Mev) TS DOCUMENT ID TECN  COMMENT

@ & We do not use the following data for averages, fits, limits, etc. ¢ o o

DOCUMENT 1D

| 40060 OUR ESTIMATE This is only an educated guess; the error given is

i the error on the average of the published values.

w7 MODI
VALUE (Mev) Evrs

DOCUMENT 1D

TECN  COMMENT

1350 +20 +20 635k

1493 £15 2 LEES

1446 = 7 +28 5.4M 34 FUJIKAWA
1328 +15 5 SCHAEL
1406 +15 87k 35 ANDERSON
~ 1368 7 ABELE
1348 £33 BERTIN
1411 +14 8 ABELE
1370 +99 ACHASOV
1359 +40 6 BERTIN
1282 £37 BERTIN
1424 x25 BISELLO
1265.5475.3 DUBNICKA
1202 +17 9 KURDADZE

1 ABRAMOWICZ12

126
08
[
ooa
99c
%
o7
o7
97C
o0
8
8
83

ZEUS
BABR
BELL
ALEP
CLE2
CBAR
0BLX
CBAR
RVUE
0BLX
OBLX
DM2
RVUE
OLYA

ep— entap
etem - ntay

= o w0,

= = w0,

= = =0,

v
0.0Fd — xHn-x—p
0.05-0.405 7ip — 2m 7~
pn— a0
efe = nt
0.0pp— a0
0.05 pp — 27t 2m—
etem - ntn
etem — nta—
0.64-14ete™ — rta—

S.Gonzalez-Solis

CEPC workshop

o o We do not use the following data for averages, fits, limits, etc. « »

460+30740 635k

427£31

434216460 5.4M

46841
455441

~374
275+10
343+20
310+40
236436
269431
391£70
218+46

1 ABRAMOWICZI2  ZEUS

2LEEs 126 BABR ete” — ntny
34FUJKAWA 08 BELL 0

5 SCHAEL 05¢ ALEP 7= — 7~ a0y,

ep— extap

Ea

.
87k 3OANDERSON 00A CLE2 v~ — »~ 0y,
7 ABELE 99c CBAR 0.05d — 7t~ 7" p

BERTIN 9%
8 ABELE 97 CBAR B

6 BERTIN 97¢ OBLX 0.0pp — ntr 0
BERTIN 97D OBLX 0.

BISELLO 89 DM2

DUBNICKA 89 RVUE ete™ — mtn—

9 KURDADZE 83
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Analyses of 7 decays into a pair of mesons 7> wlu, and > K Kgvr

Combined analysis of the - 7 7%, and 7 - K~ Kgqv-

@ To determine the p(1450) and p(1700) mass and width with
improved precision (SG-S and Roig, in preparation)

e 7 - n 7'y, measurement by Belle (2008) (0805.3773)
@ Measurement of the 7~ - K~ Kgv, decay by BaBar (1806.10280)

=)
¢ Belle §
10 b 0 ALEPH i :g-
+* CLEO Z150
— G&SFit 2
(Pero)* Passo) * Prarony) =
1 b i
N
:ﬂ 100
Bl
10 F E
2 50
10 | E
10 -3 . L L L ! 0
[ 0.5 (1M 0)21 5 2 (G:V/cz)z
e

Ea

i

e BaBar
= CLEO
4 l

T

.
)

JH?## %'

1

125

1.5

12 november 2018
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Outlook

@ Tau physics is a very rich field to test QCD and EW
@ Important experimental activities: Belle (ll), BaBar, LHCb, BESIII

@ 7 decays into two mesons are a privileged laboratory to access
the non-perturbative regime of QCD

@ Form Factors from dispersion relations with subtractions

Extraction of the K*(892) parameters from a fitto 7 - Kgn v,
e Extraction of the K*(1410) from 7~ - Kgn v, and 7~ > K v,

Predictions 7~ - 7 (v, are challenging for Belle-I
F7(s): important for testing QCD dynamics and the SM and NP
e 7~ —» KgK v, : extraction of the p(1450) and p(1700) parameters

@ A lot of interesting physics to be done in the tau sector
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Back-up



Quantum Chromodynamics

@ Hadrons interact strongly: could perturbation theory be applied to
describe strong interactions?
@ Quantum Chromodynamics is a renormalizable QFT but
@ with asymptotic freedom: it looks like QED, but only at very high

energies
@ with confinement: at low energies the gluons bind the quarks
together
v Tdecays (NLO) —
a DIS jets (NLO)
1 Heavy Quarkonia (NLO)
o e'e jets & shapes (res. NNLO)
* 7 pole fit (N3LOy

S pp —> jets (NLO)

0.1

==QCD (M) =0.1184 +0.0007

Y QrGev) '
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Chiral Perturbation Theory

o Effective Field Theory of QCD at low energies
@ Mesons as explicit degrees of freedom

%7[’3 + %T}g Tt K*
U(®P) =exp (z\/§(I>/f) , @ = T —%mf ﬁns K°
K- K" -2 g
V6
@ Expansion organized in terms of the and quark
masses
f? f?
ﬁChpT=£2+E4+,C6+..., £2=Z< ) <UTX+XTU>

@ Valid up to the first resonance: ~ p mass (0.7 GeV)
@ Large-N¢: include the 7, singlet
@ Resonance Chiral Theory: To test low-and intermediate-energies
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Resonance Chiral Theory

@ Mesons and resonances as explicit degrees of freedom
@ To explore low-and intermediate-energies

ERXT:£2+£V+£A+£S+£P

Ly = zQG\}%(VW[u“,u”]) +...
ut = zuTD”Uu
fp +\fw8+fw1 ,o+ K
V/w: P \}p +7wg+\/§w1 K*°
K*~ K*° —%ws+%w1
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Decay Spectrum of the 7 lepton

(Gev) Ll N

1[1.77682(16)]

T € Verr

T 5V +
hadrons

[ Leptonic decays

|Charged current universality 9r = gy = Je
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Hadronic Matrix Element

@ Taking the divergence we obtain on the L.H.S
7 . _ 7 . =N
(00, (39" )| K0 ") = i(ms = mu)(0[5ulK ") = idk-Cle i Fo* " (5) (1)

where Apg = M3 - Mg, Cp_, =16, C_ ., =2/V3

@ on the R.H.S (vector current not conserved)

. - (D= . () -

ig, (K7 5740) = iCY 0 | (m3y ~mi )P (9)-sF 7 (0)] (@)
@ Equating egs. (1,2) allows us to relate 7 7 (s) with FOKV’(')(S) as

S
CK'r](’) AKﬂ'

v
CK,,](!) AK—n(')

) YA
FE17 (5) = - K

Ff"(')(s>+FF"“(s)] 3)
@ The hadronic matrix element finally reads (¢" = (p, ) +px-)"+and g =)
(K 057" ul0) =

Ao v K n®" Agr
[(an -pr)"+ anu] CrpnFe ™ (s) +

=N
"CronFy " (s) (4)
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Back-up

7~ - 71", : Decay amplitude

T_ Vr The decays proceed through the not yet

evidenced second class current:

G - Parity : G| X) = &1y C|X) = (-1)! C|X)

d' = Vygd + Viss GldyHu) = +|dy*u) # Glr™n) = -|77n)

G-Parity violation
n K~
> (Escribano, Gonzalez-Solis and Roig JHEP 1310 (2013) 039)
l (Escribano, Gonzalez-Solis, Jamin and Roig JHEP 1409 (2014) 042)

n, 77/ this work

q2<<M2 a _ _ -
M7= CEVigu(pu )0 (1= )ulpr ) {m 0 dy* (1 3%)ul0)
0-,1*»0%,1-
The hadronic matrix element is generally parametrized as
_ 37 T (r) - (r)
(rnOldyul0) = CY._ oy [Py =pr- YU FT ™ (5) = (pyor +pa- T " (5)]
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Predictions for the 7~ — K 1(v, decays

@ 7 — Kgsm v, Fit results (Boito-Escribano-Jamin Eur.Phys.J. C59 (2009))

Seut = 3.24 GeV? Scut =4 GeV? Scut =9 GeV? Seut = 00
mg+ [MeV] 943.32 £0.59 943.41 £0.58 943.48 £ 0.57 943.49 £0.57
v+ [MeV] 66.61 £ 0.88 66.72 +0.86 66.82 £ 0.85 66.82 + 0.85
mg~ [MeV] 1407 + 44 1374 £30 1362 +26 1362 +26
yi= [MeV] 325+ 149 240 + 100 216+ 86 215486
y x 10% —52+420 —39+15 —3.5+13 —35+13
A x 10 24.3140.74 24.66 + 0.69 24.94 +0.68 24.96 +0.67
AL x 10 12.04 £0.20 11.99 +0.19 11.96 +0.19 11.96+0.19
22/mdf. 74.2/79 75.1/19 71.2/79 71.3/79

@ Our K system is K7 instead of Kgn™
@ Mass difference (~ 10 MeV) strongly correlated with X, and A}
@ No 7~ —» K 7°v, data available. We fit 7~ — K g7 v, data using K~ 7° masses

Parameter Best fit with K~ ° masses Best fit
N, x 107 22.2£0.9 24.7+0.8
A x 104 10.3+0.2 12.0£0.2
M yex (MeV) 892.1+ 0.6 892.0+ 0.9
L ex (MeV) 46.2£0.5 46.2+0.4
M pexr (GeV) 1.28 £0.07 1.28 £0.07
[ jexr (GeV) 0.1679-39 0.2019-98
¥ ~0.03 +0.02 -0.04 +0.02
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Predictions for the 7~ - K nv,; decay

@ Decay dominated by the vector Form Factor (~ 96% of the BR)

Events/bin

150

100

- Breit-Wigner

1o Breit—Wigner
JPP

1o PP B
BEJ

1o BEJ
BaBar Data
Belle Data

Jdo T . ]
1.0 12 14 16 18 20
Mg, (GeV)
Source Branchig ratio XZ/dof
Breit-Wigner 0.7870-17)-107* 8.3
Exponential representation 1.47%5-14) 1074 1.9
Dispersion relation (1.49+0.05) - 1074 1.5

Experimental value (1.52+0.08) - 10~ %
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Back-up

Vector Form Factor: Dispersive representation

@ Analyticity and elastic unitarity through a dispersion relation

/S:{= (mx '+m1r) | \ Ff(w ( S) . _/ ds / IZHFI;W ('LS;)
K K K
Im =
m T T

ImFE™(5) = ogr (s)FE™T* () = FEsin 657 (5)e=1" " (®)

@ Watson theorem: phase of F™(s) is 6™ () in the elastic approx.

@ Omneés solution (Omnes '58)

K
!
K= S ) (S )
F s)=P(s)ex [
+ () () p s o.. (e — e <! — c — i)
S.Gonzalez-Solis CEPC workshop 12 november 2018 44/35



up

Fits to the 7~ — K nv, BaBar and Belle data
@ Decay domilgoated by the vector Form Factor (~ 96% of the BR)

——1 Escribano, Gonzalez-Solis,
- Breit-Wigner Roig, JHEP 1310 (2013) 039
— 1o Breit-Wigner
— JPP
100 — 10 PP ,
< -- BEJ
Q
7 — 10BEJ
L% = BaBar Data
50 Belle Data 7
Lt ‘ ‘ ‘ ‘ ]
10 12 14 16 18 20
M, (GeV)
Source Branchig ratio-10% x2/dof K*(1410) Mass K*(1410) Width v
Breit-Wigner (0.9670:31) 5.0 ~0.174 £ 0.007
Exponential representation (1.42+0.04) 1.4 1332%‘% MeV 220726 Mev —0.078t§:(8)i§
Dispersion relation (1.55 +0.08) 0.8 1327738 MeV 213% 7%, MeV -0.051%5 038
Experimental value (1.52 +0.08) -
Channel K*(1410) Mass | K*(1410) Width vy
Km mode 127773 MeV 218722 MeV —0.049f§:§%§
; +27 +68 +0.02
Kn mode (this work) 1330°5] MeV 217195, MeV -0.06575"553
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Scalar Form Factor

@ Central unitarity relation

ImF;(s) = 0;(s)F7(s)T" (s)*

@ Coupled channels dispersion relations (Jamin, Oller, Pich Nucl.Phys.B622

(2002))
FOKW(S) = l /°° ds /UKW(S,)FKW(Q) K7r~>K7'r /oo
T K sl —s—1ie SKn

oo OKx s’ 1" S _ S oo
K"( )== f ds’ K ) " (DT K K"( ) + l / ds’
K Kn

s’ —s—1ie ™

S.Gonzalez-Solis CEPC workshop

K
O'Kn(SI)Fo 77(3’)T}*(»,]HK71-(3’)

s’ —s—ie

ok (Y EET () T e ()

s’ —s—ie
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7~ - K"y, : Amplitude and decay width

q <<MW Gr

EEVasti(pu, )7 (1 -7 )u(pr ) (K™ n<'>|sw<1—>éiu\o

0~ 1++>0‘r 1~

_ _ A () - () - ()
(K170 = [ (00 = prc) + 2582 | O, I (9) + 28205 B

dr T - K_T}(,) UV, G2 M3 - 2
( ) 3TSEW |Vus F-f( K (0)|2 1- 72
d/s 327 e M2

suppression

2s 3AK (@)
{(1 MQ)QKn(r)(3)|FK ! (5)|2+T77QK17<'>(5)|FK " ( )|2}

- - ' - . Op =(-13.3+£0.5)°
FE1(0) = FE ™ (0)cosfp , FX 7 (0) = FX ™(0)sinfp , Vis_}fﬁ(o):3.2163(5)7&
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Scalar Form Factor: Closed expression

F (s) = H 1—S;SZ;D(S)‘lD(SO)FO(SO)

Iwamura, Kurihara, Takahashi '77
Kamal ’79, Kamal, Cooper ‘80
Jamin, Oller, Pich 01

sp and s.: poles and zeros of D(s)™" = (1 +g(s)N(s))™

B 50,07 : :
s =0

Fo(so) = FF """ (0) = 0.05
., = 1.397 GeV
N(s) = Nupgtsmy

00 05 10 15 20 25 30
Vs (GeV)
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7~n) Form Factors: recapitulate

200, —
|—Elastic I 1000} |— Elastic
100 |-== 7t coupled to " i 1 s00F [-- 7' coupledtom f)
50[ e 7 coupled to KK i; - ' coupled to KK i
= coupled to 7' and KK i it

|- ' coupled to mm and KK

|

1

10

20 0.0

05

Vs (Gev)

@ Vector Form Factor:

e Driven by the 7~ x" vector form factor
@ Scalar Form Factor

10
Vs (Gev)

@ Breit-Wigner: with a((980) and a(1450) resonances

©@ Omneés solution: analyticity+elastic final state interactions

© Closed Form: coupled-channels

S.Gonzalez-Solis CEPC workshop
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Scalar Form Factor: Coupled channels case (closed expression)

FT ” s/Sp;) _
T (s) = H(l—/ )D(S) "D(50) Fo(s0)

i _ lwamura, Kurihara, Takahashi PTF 58 (1977)
sp and s,: poles and zeros of detD(s) Kamal '79, Kamal, Cooper '80

T
— Elastic ’|
-~ ' coupled to ”

F7”7 S
FO(S)—( ( )) sz, =1.397 GeV 10m,

' (S) ’ Fo(so) = FOBW(O)SDO—

D(s) =1+g(s)N(s),

=% 2 )

i

Neay o [ Nenemn Negory
=N N ’
™' —7mn ' —mn’

EY sl

00 05 10 15 20

Vs (Gev)
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Scalar Form Factor: Coupled channels case

FS(S):; ‘ (' —s—ie)

L [ gy BT
g=1%i

=+ Other cuts (KK, 77'...)

T T T
Im W‘< = @
n n

i
’
EJ (s')T;n,ﬂﬂn(s')

1 /‘oo dS’J""(SI)F(;W(S,)T‘:U*WU(SI) +lf<>o ds,omr(s’)
Sthl Stho

F(;"’(s):; s’ —s—ie s s’ —s—ie
T T T
ok
s 7 7
Fr = L 2o TV T () 1 e e (DI "’<s')T.;n,m,(s'>
T Jsip1 s/ —s—1ie T Jsina s/ —s—1ie
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Branching Ratio estimates: (") - 7" 0", ({=e,p)
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7~ - K"y, : Amplitude and decay width
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Scalar Form Factor: Breit-Wigner

@ Resonance Chiral Theory imposing 1/s fall-off for s — oo
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S -0 MZ-s—iMsT's(s)

@ Breit-Wigner with 2 resonances: a((980) and aq(1450)
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Scalar Form Factor: Coupled channels case (closed expression)
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7~ - 7 n'v,: Invariant mass distribution and Branching Ratio

,“L - Fu;]: vec(nr+e]asl;c scalar
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