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Preliminary Shopping list

NA62
At first, | would suggest
o1tV Dalitz decays ™ — eTe ™y  (Inv.mass distr)
o0 Double Dalitz decay #° —efe efe”  (BR)
*Rare decay m —ete” (BR)
*K Dalitz decay Ky — 070~ (BR)

*K double Dalitz decay K — €+€_W (Inv. mass distr.)

*Rare decay K; > 000t (BR)

During the talk, I'll try to convince you why
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Pere Masjuan

Introduction and Motivation

Experiment

BR(P — /) 5 amy
BR(P — ~7) N

T™mp
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Introduction and Motivation

Experiment

’ BR(P — 70) amg\° 2112
P_ _ _ _ A BR(P . ’Y’Y) @P) 6€(mP) A(mP)‘

z ~1.5-107*
KTeV '07:
BR(7° — ete (v),z > 0.95) = (6.44 £ 0.25 £ 0.22) x 10~°
2
— (p]‘\;;]) momentum of e+e-, and so to extract BR we want x large, i.e.,no photon

N
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Introduction and Motivation

Experiment

: BR(P — 70) amg\° 2112
P_ _ _ _ A BR(P _ ’Y’Y) @P) 6€(mP) A(mP)‘

KTeV ’07/:

~ 1.5

BR(7° = eTe (v),z > 0.95) = (6.44 -

10710

- 0.25 4

-0.22) x 1078

Extrapolation to x=| + radiative correction + Dalitz decay background

BRUCT* (70 5 ete™) = (7.48 +0.29 -

-0.25) x 1078

(dominates de PDG)
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Introduction and Motivation
Theory

BR(P — ) (amg

s =2 (2 () ()

T™mp

The only unknown A(m%) from loop calculation where the TFF enters.

21 4 qzkz_(k'Q)z FPWW( 7( _ ))
A”)“i/dkww—m%@—m—nﬁ Frr2(0.0)
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Introduction and Motivation
Theory

SRIP= ) (O‘m£> Be(mp)|A(mp)° = 7.5(5) - 1078

BR(P — ) Tmp
[Pablo Sanchez-Puertas]
ox0g¢-——— :
—  VMD ]
8.x1078" YPT
I/;: — large—N,
+, 7.x1078)
T L
3 } ) [)
% 6.x10°8 " }
an)
5.x1078 -

1985 1990 1995 2000 2005 2010
[Dorokhov et al. ‘09] Year

BRSM(WO — € 6_) = (6.2 T 0.1) x 107S |:>N 30 |
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Dissection of TV —ete-

As model independent as possible:

Cutcosky rules provides the imaginary part
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Dissection of TV —ete-

As model independent as possible:

Cutcosky rules provides the imaginary part

2y T 1—-531(g°)\ 2\ _ 4mj
mAla®) = 26/(q2)/ (1 +5/(q2)> Al = \/1 q°

2 9
q — Mp

Assuming |A]° > (Im.A)~
B(m' = eTe™) = Bmay(z0 — ¢Te™) =4.69- 1072
(doesn’t depend on TFF)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan |0



Dissection of TV —ete-

As model independent as possible:

Cutcosky rules provides the imaginary part

ImA(q?) = (1_5/(&)); () — \/1 A

= In
281(g%)  \ 1+ Bi(q?) q°
. . T =mp
Use dispersion relations to get the real part

Re(A(qz)) _ %/OOO de lm(A(S))

s — g2
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Dissection of TV —ete-

As model independent as possible:

Cutcosky rules provides the imaginary part

ImA(q?) = (1_5/(&)); () — \/1 A

= In
281(g%)  \ 1+ Bi(q?) q°
. . T =mp
Use dispersion relations to get the real part

divergent!

> el > ds Im(A(s
Re(A(q?)) = 1/0 ds////’ . A(0) + %/O (A(s))

s s— qg?
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Dissection of TV —ete-

As model independent as possible:
Cutcosky rules provides the imaginary part

n_ T IEICHAY 2) — Am;
ImA(q”) = 25/(q2)/ (1 +5/(q2)> )= \/1 v 2

2 _
q — Mp

Use dispersion relations to get the real part

Re(A(q%)) = A(0) + 2 / > ds Tm(A(s))

T s s— q?
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Dissection of TV —ete-

As model independent as possible:

Cutcosky rules provides the imaginary part

oy T - 1—Bi(g°) . oy 4m/2
M) = 25 (1+/3/(q2)>’ i )_\/1

Use dispersion relations to get the real part

vk -0y 5+ (408 - (469

5 3.,

A(0) = xp(p) = 5 + 5 In(mi /n)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan | 4



Dissection of TV —ete-

As model independent as possible:

Cutcosky rules provides the imaginary part

2y T 1—-531(g°)\ 2\ _ 4mj
mAla®) = 26/(q2)/ (1 +5/(q2)> Al = \/1 q°

2 9
q — Mp

Use dispersion relations to get the real part

Re(A(m3)) = (—Z +/OOO dQ’ Kerne/(Q2)> | 7{; - In? (ﬂ)

mp

2

Me . . . .

@, + subtraction contains all the information from TFF
mﬂ'

Pere Masjuan NA62 Handbook, Mainz, 20 Jan |5



Re(A(m)) = (

Dissection of TV —ete-

5
4

Re(A(m

Pere Masjuan

- —I—/ dQ? Kerne/(02)> | - In? (
0 12

5)) = /OO dQ* Kernel(Q?) + 30.7
0

NA62 Handbook, Mainz, 20 Jan
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Dissection of TTV—e*e-
o0 | 2

Re(A(m3)) = <_§+ / dQ? Kerne/(02)> - (ﬂ>
4/, 12

Re(A(mp)) = /OO dQ*Kernel(Q?) + 30.7
0

Im(A(mp)) ~ 17.5 ~ 30.7
\/ (Kernel=0)
BR(P — 0¢) amy 2 .
BR(P — 77) @p) > (mp) = 19107

~1.5-1071°

Pere Masjuan NA62 Handbook, Mainz, 20 Jan |7



Dissection of TV —ete-

Re(A(m3)) = (—§+/OOO dQ? Kerne/(02)> | 7{; - In? <—

4

Re(A(mp)) = /OO dQ*Kernel(Q?) + 30.7
0

Im(A(m3)) ~ 17.5 ~ 30.7

\ / (Rernel=0)

BR(P — t0) amy % N
BR(P — vvy) <7Tmp> P)IA(mp)I" = 19107

/ dQ*Kernel(Q?) ~ =17 — KTeV ~ 7.5 - 10
0

Pere Masjuan NA62 Handbook, Mainz, 20 Jan
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Dissection of TV —ete-

Re(A(mp)) = /OO dQ? Kernel(Q*) + 30.7
0

0
| e |Its contribution Is negative:
1000 lowers the BR.
S 500! e Peaks at ~ 2m, and
= i
J —2000 (@) = 0.09 GeV.
9500 e L ow energies relevant only: slope
~3000 - IS enough.
0.000 0.005 0.010 0.015
Q (GeV)
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Dissection of TT—e*e-

Re(A(mp)) = /OO dQ*Kernel(Q?) + 30.7
0

0
—-500
~ —1000
S
© —1500
g == JN—OPE &ntribution
_ , 50%
N —2000: P —
: o 30%
~2500 o
-30000 " LR
0.000 0.005 0.010 0.015
Q (GeV)
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Dissection of TT—e*e-

Re(A(mp)) = /OO dQ*Kernel(Q?) + 30.7
0

1000 3 — P(l) Contribution
: 50%
| = VMD 80%
S 100+ - log 90%
5 e IN- L 95%
g} : IN-OPE | | g 0
g ' B >99%
s 10¢
S~
L
0.1 e '
0.0 0.2 04 0.6 0.8 1.0
Q (GeV)
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Dissection of TV —ete-

Re(A(mp)) = /OO dQ? Kernel(Q*) + 30.7
0

1000
‘ — P(l)
100 ¢ —  VMD
o~ “‘ log
9 10 ".‘ JN-OPE
O -\ 2
s 1 :
N :
| 0.1
0.01
0.001"— —
0 5 10 15 20
Q (GeV)
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Dissection of TV —ete-

Re(A(mp)) = /OO dQ? Kernel(Q*) + 30.7
0

all in all, old the models give the same value

/ dQ*Kernel(Q?) ~ =20 — BR ~ 6.3 -107°
0

9. X 1078 | [Babu and Ma,’82]
g % 108 - ;\f Bergstrom et al,’83]
—~ i ~ v, | [Savage et al,’92]
71078 I [Ametller et al,’93]
jt:/ ol e f { : « 11 [Gomez Dumm and Pich, 98]
& 0-x10 | [Knecht et al,"99]

5.x10°8 Dorokhov et al,'07'09]
[PM, Sanchez-Puertas ’| 5]

1985 1990 1995 2000 2005 2010
Year
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Current situation

Dubna+Prague+Mainz(?)

* Ways to improve from theory side:
e Dubna (Dorokhov, Ivanoy,...): Include all kind of
corrections me/mm, me//\ (which also means not using DR)
* Prague (Novotny, Kampf, Husek...): Improve on
radiative corrections
e Mainz (Masjuan, Sanchez-Puertas...): Improve on the
implementation of the TFF

* Consider New Physics contributions

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 24



Current situation

Dubna+Prague+Mainz(?)

* Ways to improve from theory side:

e Dubna (Dorokhov, Ivanoy,...): Include all kind of

corrections me/mm, me//\ (which also means not using DR)
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Dubna contribution: corrections me/mm, me//\

Dorokhov and lvanov, ’'07/
m 2
o ()
My

Used VMD to confront KTeV measurement
(also compare different models for TFF)

1
7w y* (Q Q ):FW/YV(O’O)l—FQZ/Q(Q)

with Qo from a monopole fit to CLEO+CELLO data

Pere Masjuan NA62 Handbook, Mainz, 20 Jan
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Dubna contribution: corrections me/mm, me//\

Dorokhov and lvanov, ’08

o(%)  o(Freey)

A A
A\
the cut-off
Dorokhoyv, lvanov and Kovalenko 09 or
2 VMD “mass”
M\ 2 Me
O (—”) O
A M.

Resummation of power corrections using Mellin-Barnes techniques.
Conclusion: corrections negligible!

BRSM(T('O — € 6_) — (6.2 T 0.1) x 1078 ~ 30

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 27



Current situation

Dubna+Prague+Mainz(?)

* Ways to improve from theory side:

* Prague (Novotny, Kampf, Husek...):

radiative corrections

Pere Masjuan NA62 Handbook, Mainz, 20 Jan

Improve on

28



Prague contribution: Radiative corrections

Before Prague:

Bergstrom ’83: approach (soft-photon+cut-off) to two-loop QED
radiative correction + Dalitz decay interference

A ]
<

15
10

(a) ¢ |

<

(c) ‘ (d)

5L
-10 -

_15 |-
~720} Radiative

_25 |

SN
L

Correction: ~ —13%

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 29



Prague contribution: Radiative corrections

Vasko, Novotny "I | +

Include more diagrams which are

g E subleading but numerically important

Fig. 2 Two-loop virtual radiative corrections for 7% — eTe™ process

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 30



Prague contribution: Radiative corrections

Vasko, Novotny |

Calculate the Bremsshtralung in the soft-
photon limit

e

g =
g €<
o

Fig. 2 Two-loop virtual radiative corrections for 7% — eTe™ process

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 31



Prague contribution: Radiative corrections

Husek, Kampf, Novotny’ | 4

Calculate the Bremsshtralung without
the soft-photon limit

e

L=
g €«
it

Fig. 2 Two-loop virtual radiative corrections for 7% — eTe™ process

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 32



Prague contribution: Radiative corrections

Vasko, Novotny | | + Husek, Kampf, Novotny’ 14

BR(7" — eTe™ (v),z > 0.95)

BR(7? — 77)
(7% — eTe™)
(2) BS D
(7 5 7 1+ 63(0.95) + AP5(0.95) + 62 (0.95)]
5 (0.95) = sV + 8&%(0.95) complete QED two-loop corr. including soft-photon BS

ABS (Ut = §BS(xeuty (Sg)sﬂ(xcm) soft-photon correction

67 (0.95) Dalitz decay background (omitted in KTeV)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 33



Prague contribution: Radiative corrections

Vasko, Novotny | | + Husek, Kampf, Novotny’ 14

BR(7" — eTe™ (v),z > 0.95)
BR(7? — 77)
(7% — eTe™)
L(7? = 77)

1+ 6?(0.95) + AP5(0.95) + 67(0.95)]

5(9(0.95) = 8" +852(0.95) = (-5.8+0.2)% vs ~ —13%
1.75 x 1071

BS _ A D _
ABS(0.95) = (0.30 £ 0.01) % 67(0.95) = 555 oo )MoV

BRY2I (70 s ete™) = (6.87 +0.36) x 1078

Pere Masjuan NA62 Handbook, Mainz, 20 Jan
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Current situation

Dubna+Prague+Mainz(?)

* Ways to improve from theory side:

e Mainz (Masjuan, Sanchez-Puertas...): Improve on the
implementation of the TFF
* Consider New Physics contributions

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 35



Mainz contribution: TFF parameterization

Use data from 0 o9 o
the Transition Form Factor FP*y*’y* (frn,P7 q7 q2) double-tag method
for numerical integral

Remember: only low-energy region is needed

Pere Masjuan NA62 Handbook, Mainz, 20 Jan
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Mainz contribution: TFF parameterization

se data from
the Transiti rm Factor
for numerical inte

Use data from
the Transition Form Factor
to constrain your
hadronic model

Pere Masjuan

2 92 9
FWQ)

NA62 Handbook, Mainz, 20 Jan

double-tag method

single-tag method

37



Mainz contribution: TFF parameterization

se data from 5 5 o
the Transiti . !"m Factor Fp,y*,y* q7 q2)
for numerical inte

N

Use data from

the Transition Form Factor 9 2
to constrain your Eprey (m¥p,q1,0)
hadronic model
How??

double-tag method

single-tag method

Nice synergy between experiment and theory

Pere Masjuan NA62 Handbook, Mainz, 20 Jan
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Doubly virtual TT%-TFF

[PM., P.Sanchez-Puertas, | 5]

For BRsy (7 — ete™) we need Froy- - (Q%, Q)

Proposal: bivariate PA Chisholm ’73

TN( %7 Q%)
RM( %7 Q%)

PY(Q2,Q3) = = ap + a1 (QF + Q3) + a1,1Q1Q3 + a2(Q + Q3) + -+

A

(@1 + @3) + (201 — a1,1)Q1Q3

ao + a1(Q3 + Q3) + a1 1Q7Q3
14+01(Q7 + Q3) + 01,1Q7Q5 + b2(Q7 + Q3) + b2.1(Q1Q35 + Q7 Q3) + b2,2Q1Q5

P{)(Q%7Q§) — 1 —|_CL1

Py (QF,Q3) =

[convergence pattern]

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 39



Doubly virtual TT°-TFF

Proposal: bivariate PA

Chisholm ’73

PYQLGY) = -

a1 (Q7

Q3)

(2a7 — a1,1)Q7Q5

a1 from accurate study of space-like data [PM."12]

41,1 from a systematic fit to doubly virtual SL data

NA62 Handbook, Mainz, 20 Jan 40



Doubly virtual TT%-TFF

Proposal: bivariate PA

Chisholm ’73

PYQLGY) = -

a1 (Q7

Q3)

(2a7 — a1,1)Q7Q5

a1 from accurate study of space-like data [PM."12]

41,1 from a systematic fit to doubly virtual SL data

OPE indicates: Qgiinoo P(Q%,Q%) ~Q° ie., a; = 2a;

NA62 Handbook, Mainz, 20 Jan 4|



Doubly virtual TT°-TFF

Proposal: bivariate PA

Chisholm ’73

PYQLGY) = -

a1 (Q7

Q3)

(2a7 — a1,1)Q7Q5

a1 from accurate study of space-like data [PM."12]

41,1 from a systematic fit to doubly virtual SL data

ChPT indicates: P/(Q1,Q3) = P(QF) x PY(Q3) i.e., a11 = aj

[Bijnens, Kampf, Lanz ‘| 2]

Pere Masjuan

NA62 Handbook, Mainz, 20 Jan
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Doubly virtual TT°-TFF
Chisholm 73

Proposal: bivariate PA

A

a1(Q7 + Q3) + (2a7 — a1,1)Q7Q3

PYQLGY) = -

a1 from accurate study of space-like data PM."12]
0 § a1 § 2&%

BRES (10 — ete™) = (6.22 — 6.43)(4) x 1078

statisticsttheoretical error /

BRZ,,(m° = Z* weTe”) = —-0.02 x 1078

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 43



Doubly virtual TT°-TFF
Chisholm 73

Proposal: bivariate PA

ap + a1 (Q7 + @3) + 011 Q1Q3
L+ 01 (QF + @3) + b11QFQ3 + b2(Q + Q5 + 521 (Q1Q3 + Q709 + 1220103

Py (QF,Q3) =

a1,b1,b2  from accurate study of space-like data [PM."12]
— lim PO 2, 2 ~ —2
ba,2 =0 o f1 (R, Q%) ~
2F, (1 867
lim Py (Q?, Q%) ~ == — —— 4+ 0(Q Novikov et al '84
bl,l; b2,1 Q2ILIIOO 5 (Q7,Q7) 3 (Q2 00 +0(Q™) [Novikov ]
a1,1 free (condition: no poles in space like) 1.92a7 < a1 < 2aj

1
BR2,(7° — eTe™) = (6.23 — 6.24)(4) x 10~
statistics+theoretical error / (Z included)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 44



Doubly virtual TT%-TFF

Proposal: bivariate PA

Systematic error PP (Q?, Q3) vs Pj (Q%, Q3)

N

Chisholm ’73

BR: (10 = ete™) = 6.23(4)(2) x 1078

/

method checked for different models
+ to shrink the window: data (data-driven approach)

statisticsttheoretical error

Pere Masjuan NA62 Handbook, Mainz, 20 Jan

(£ included)
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Doubly virtual TT%-TFF

Proposal: bivariate PA

New SM prediction:

statisticsttheoretical error

BRP21 ) s eTe™) =6.23(4)(2) x 108
S M

*More precise (50% error reduction)
eData driven

*Systematic error X (1)

*Improved loop integral

[Dorokhov et al. ‘09]

BRsm(m? —ete™) =(6.240.1) x 107°

Pere Masjuan NA62 Handbook, Mainz, 20 Jan

Chisholm ’73

(£ included)

2.5(2)

46



Doubly virtual TT%-TFF

BRY/2rad (20 5 ete™) = (6.87 + 0.36) x 1078

2
BR2, (1 — ete™) = 6.23(4)(2) x 107°

(with published KTeV ~3.20)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 47



Doubly virtual TT%-TFF

Can we still match the KTeV value?

ap + a1(Q7 + Q3) + a1,1Q7Q3

1 2 2\ __
O ) = T T Q) 1 @G T (@ QD) T b (QIQF T QTR + 2201

a1,b1,b2  from accurate study of space-like data [PM."12]
_ im PY>(O2. 02) ~ O—2
b2,2 0 Q21£>noo 1 (Q%,Q7) ~Q
, 2F, (1 867 _
biaboy  Jim PH@AQH) ~ BT (g - oo+ 0@)
ai,i free to fix KTeV (condition: no poles in space like)

BR2,(7° — eTe™) = 7.48(38) x 1078 — §% ~ 20GeV?

KTeV = very slowly converging OPE 6% = 0.2GeV? [Novikov et al '84]

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 48



Doubly virtual n,n’-TFF

[PM, P. Sanchez-Puertas ’| 5]

n,n — 070

Our predictions
_ Process BR
& + - : —9
= n—ete (5.31 = 5.44)(3)(2)(1) x 10 6
5 n—ptpT (472 +4.52)(2)(3)(4) x 10~
g | | i
? i | n —ete”  (1.82+1.87)(7)(2)(16) x 10~ *°
| My may | )+ - N _7
ol e e n — W (1.36 = 1.49)(5)(3)(25) x 10
S e

Experimental measurements or bounds

n—ete” n— pwpu n' — eTe”

<23x107%[16] 5.8(8) x 1076 [17] < 5.6 x 1079 [18, 19]

n — utpT

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 49



Doubly virtual K.-TFF

Prediction for K — £T¢~

X

~

0 /
7T 9 Y]
,.y*

Normalized to K1, — v

D

(see talk by L.Tunstall)

[Gomez Dumm and Pich, ’98]
[Knecht et al,’99]
Isidori, Unterdorfer '03]

g

A(0) = xp(u) >

) s (100D

3
-5 In(mi/p?)

\ all hadronic information (TFF mp...)

Pere Masjuan

NA62 Handbook, Mainz, 20 Jan 50



Doubly virtual K.-TFF

Prediction for K — £T¢~

X

Y

0, o o 3
K m( AW0) =(xp ()~ 2 + > tn(m? /u?)
,y*

*To calculate Xk (1) we need K1 — £70™ + Canterbury

= Can obtain xx (t) at LO, NLO, NNLO,...

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 51



Doubly virtual K.-TFF

Prediction for K — {10~

X

Y

0, o o 3
K m( AW0) =(xp ()~ 2 + > tn(m? /u?)
,y*

*To calculate Xk (1) we need K1 — £70™ + Canterbury

=> Can obtain xx (1) at LO, NLO, NNLO,... (see talk by L Tunstall

oEven better, X% (1) and then X% (1) — x% (1) Ap # Ap

) m2 m2 m? 10m? m?
Xp(1) = Xp(p) = 535 (1 | 4A]Z> In (mg) - (AS)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 52



Doubly virtual K.-TFF

Prediction for K — £T¢~

2 in(md /)

(see talk by L. Tunstall)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 53



Naive New Physics contributions

General Lagrangian (after Fierz)

£= 293 mact (Frud"9sf) +2myef (Tinef) P

4m
f
(0 |JNP|P(CI)>

ch - 3 (g,uy L QMQV) ngA A ~
: / A—
M = Iy [Up s YuY5Up! s] m%) _ m?4 e ; <0‘ Cq QW Y54 ’P( )>

(O|PNF|P(q))

. P . . -~ "\ ~
o ige . 0 ig .
M = [t 550y ) 5 % 2y > (0] P mggivsa |P(q)),

q

Pere Masjuan NA62 Handbook, Mainz, 20 Jan



Naive New Physics contributions

2
BR(T(O — 6+6_) = 9 QTMe : A 2\ \/§F7TGF A(P)
BR(70 — ~7) <7Tm7r> e (4°) - 4042F7TW /
A_ A A A P_Lopp_ Py :
o =co ey, —cg) =z (e Cd)m%—m% O <95U<2)L>

BR(7" — ete™)
BR(= 77

Z contribution (Arnellos, Marciano, Parsa ‘82)  ¢” —cie =1 €7 r~ 03%

Our estimate based on existing exp. constrains: ENP ™ 03%
[Marciano et al.’ 12, 14; Kahn et al "08]

negligible!

Pere Masjuan NA62 Handbook, Mainz, 20 Jan 55



Impact of T—e*e-on HLBL

Model Published model Modified model
0 > ete | HLBL |7° — ete | HLBL
(x10%) |(x10'%)] (x10%) |(x10'9)
Jegerlehner and Nyfteler 09| LMD+V 6.33 6.29 6.47 5.22
Dorokhov et al 09 VMD 6.34 5.04 6.87 2.44
Our proposal 14 PA 6.36 5.53 6.87 2.85
S M —10
Aa ~ 6 X 10
L
HLBL —10
Aa y ~ 4 x 10
HLBL:7w°—eTe™ —10
Aa, ’ ~ (2—3) x 10

+ similar effect for the n decay!

Pere Masjuan

NA62 Handbook, Mainz, 20 Jan




Preliminary Shopping list

NA62
At first, | would suggest
o1tV Dalitz decays ™ — eTe ™y  (Inv.mass distr)
o0 Double Dalitz decay #° —efe efe”  (BR)
*Rare decay m —ete” (BR)
*K Dalitz decay Ky — 070~ (BR)
*K double Dalitz decay K — €+€_W (Inv. mass distr.)
*Rare decay Kp —(T¢¢T¢~  (BR)

During the talk, I'll try to convince you why
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Conclusions

- mM'—e*e is an interesting process
- hadronic effects are important at all energies
- but the scale is at the electron mass

- Standard approaches fail to reproduce the KTeV
experimental measurement
- something to be understood: corrections known,
radiative known, TFF-data driven, no NP, ...7?

- Its impact in the HLBL cannot be forgotten, it might be
one of the largest uncertainties if the puzzle persists
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back-up



Our proposal: use Pade Approximants

[PM.12;R. Escribano, PM,, P. Sanchez-Puertas,’ | 3]

We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics
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Our proposal: use Pade Approximants

[PM.12;R. Escribano, PM,, P. Sanchez-Puertas,’ | 3]

We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics

2 4
FP’Y*v(Q27O):a5<1+bP22 | Cp24 | >
/ R T

Fp_yw slope curvature

We have published space-like data for Q2Fp,y>w(Q2, 0)

QQFPW*W(Q2> O) — a'OQQ -+ &1@4 - a2Q6 T ...

P]\A}(QQ) — CLQQZ -+ a1Q4 + CLQQ6 + -t O((QZ)]\H_M—H)
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Our proposal: use Pade Approximants

[PM.12;R. Escribano, PM,, P. Sanchez-Puertas,’ | 3]

We need low-energy region (data driven) + high-energy tail
we don’t want a model rather a method providing systematics

2 4
FP’Y*v(Q27O):a5<1+bP22 | Cp24 | >
/ R T

Fp_yw slope curvature

We have published space-like data for Q2Fp,y>w(Q2, 0)
Q2FP7*7(Q2> 0) — a0Q2 = a1Q4 + a2Q6 + ...
a0Q’ PI(Q?) = PL(Q%), P(Q%), P(Q7), .

Pl QQ _
H L— @@ ] Py (Q%) = P (Q?), P (Q?), Py (Q?), ...

sequence of approximations, i.e., theoretical error
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Our proposal: use Pade Approximants
[PM.12;R. Escribano, PM,, P. Sanchez-Puertas,’ | 3]

Fit to Space-like data: CELLO’9 1, CLEO’98, BABAR’09 and Belle’ |2

PN (Q*) upto N=5 PM, 12

035 T 0040 ¢
0.30 * 7
0.25
020
0.15
0.10
0.05
0000 -~

0.035 -

N

Q’F (0% [GeV]

0025 -

0.020

P61 P‘ll P‘21 Pél Pé‘ll Pgl | PI5G
0°[GeV?]
Py (Q%) up to N=3

Accurate description of the low-energy region making full use of available experimental data
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Dissection of the HLBL contribution

ql

\\\\\ q2 ”‘.’ \\\\
' q1+q>2\
1+q92
q2 1+q2 1 q q1
l q +CI/ \CI qZ/ \ l %

GLOLiP _ _66/ d*q: / d*qs 1
H 2m)* ) (2m)* ¢iq5 (g1 + @2)2[(p+ ¢1)? — m?][(p — q2)? — m?]

1?[(@17‘12§]9)

| Frryey (43,02, (1 + q2)*)Fpearn=(q3,43,0)
a3 — M3
Use data from
the Transition Form Factor

Fpenpn((q1 + 42)%, 7, G5) Fpreyrns (1 + ¢2)%, (@1 + ¢2)%,0)

_|_
(g1 + q2)* — Mz%

To(qq, C]Q;P)>
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Dissection of the HLBL contribution

® Extraction of meson TFF and HLBL

- Using CLEO, CELLO, BaBar and Belle to obtain the TFF Low-energy
Constants, constrain hadronic model and estimation of TT-HLBL

K(Q1, Q3)

1'Qi [ d'Q
aﬁbyL’ 266/(27T)i/(27r)i K(Q%y@%)

Using Fﬂ-Oy*fy* (Q%7 Q%) ~ Pf(@?? Qg)

(main energy range from 0 to | GeV?)

Pere Masjuan NA62 Handbook, Mainz, 20 Jan
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The role of doubly virtual TFF data

1.0 -

0.8 -

2,0%)

0.6 -

04 -

Fﬂ.O ,y* ,y*(Q

factorization: Fyo,«y:(Q%, Q%) = Fro,(Q%,0) X Fro,«(0, Q%)

our approach

KTeV

Pere Masjuan

. \ 1
KTeV + rad corr Q2 [Gev2]
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