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Goals For This Talk

J Provide a brief BSM context & basic formalism

 Introduce the dispersion relation framework

«  Set the stage for following talks & discussion
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Il. Wy Box: Dispersion Relations

Ill. Questions for the Day






Weak Decays: CKM Unitarity
d—ue \_/e (Vud Vus Vubl\
S—ue \_/e (l/t ¢ t) Vcd Vcs Vcb
b—ue \_/e \th Vts th/

Ackm = ([Vial* + 1Vsl* + |Vub|2)exp — 1

0.94906 + 0.00041  ]0.05031 = 0.00022|

0.00002

Acky = —0.0006 £ 0.0005




Precision ~ BSM Mass Scale

Precision Goal:

O Ay ~ O(104)

Heavy BSM Physics:

A~10 TeV (tree)
Ackyy ~ C (V/A)?

A<1TeV (loop)

Ultralight BSM Physics:

Ackyy ~ & (a/4m) e <1 (loop)



Error Budget
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Error Budget
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Radiative Corrections

Dominant source of uncertainty:

Ve s 0*(f)
1% G Vud « M2
VW Mow = f/i 87 [ln (A—QZ> + Cyw ()
/ /
Y
e 0*(i) Short distance Long distance

Long distance

Sensitive to hadronic & nuclear dynamics
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Radiative Corrections & Ft Values

Corrected ft values:

Ft = ft(1+87) (1+ 65 — ) (1+A)°)

e

Outer

correction Nucl wavef’'n Nuclear struct
N:;l?)?tl';truct Not a RC part of M.,
P w E-dependent

E-independent
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0* — 0* Dispersion Corrections: g

-h
Ry

I Q-value B &, i
[ Half-life [ 8¢ - Bys
| Branching ratio

ﬂJJJJJJJi_

10c 140 26rnA| 34C| 38mK 42Sc 46V SOMn54CO
Parent nucleus

-l
N
T

-
o
T

Parts in 10°

Towner & Hardy, PRC 91 (2015) 2, 025501

be : scalar currents

Input for V,, & CKM
unitarity test

12




Radiative Corrections & V

Superallowed Neutron
2984.43s
‘Vud‘Q _ — AV ’VudP _ 5099.34s
(1+Ag) To(1 + 3X32)(1 + Ag)
(gA/gv)2
Hadronic & short Contains ARV

distance part of M,
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Il. Wy Box: Dispersion Relations
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Dispersion Relations

0*(f)
4
VYW
VYWY
Y

07 (i)

Electroweak virtual Compton amplitude:

2| Tt T

THY [_guv 4 quqyl prp” iewjaﬁpaqﬁ T;
L (p-q) 2(p - q)

Radiative correction:

DXVJ?/ = 4raRe /

1 VA

d'q My Q@ +v*T3(v,Q%

@r)fMZ +Q2 QF My
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Dispersion Relations

0*(f) Dispersion relation: Im
W Write T, as integral f h\
over discontinuity 5 | & -
UV along cut 5| Vs

Y oo
. 2 T I
o) nw@) = [ [ 5 @
0

Electroproduction structure functions:

Iuv 1 v
WS = = > (2m)*8" (0 +q = px) (pl S 1X) (X] Tty ) do o< Ly, WH
X

o' oy PP o 1€ *Ppags
= |—¢" +—]F + iy Y A F.
[ 217 T pg)? 20p-q) ° ,




Dispersion Relations

v, 0*(f) Radiative Correction:
" vao _ o [ dQMg /OO ay L1 2D 5oy, g2y
\J\J\YWN yW o M MI%I/+Q2 I/(V—I—q)2 3 )
0 0
YW
y . 3 o0 dQ2M‘%V (0) 2
e 0*(i) = M3 (1,Q)

or Jo  Q2[M2, + Q7]

Nachtmann Moments:

1

0 N+1 [ dzg£N NE& 0
Mé)(N’Qz):N+2/ — 2:1;——N+1 FY
0
2,.2\ —1
E=2zx (1+4]\g2x)
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Dispersion Relations

v, 0*(f) Radiative Correction:
%4 SVA©) _ Q i dQQM%V ood (v + 2q) 72(0) 5
\JU\YWN YW M MI%I/+Q2/ VI/(V—I—q)Q 5 (1,Q7)
0 0
— y . 3 o° dQ2MY%V (0) 5
e 0+(|) — % 0 QQ[M%[/—I—Q%MS (LQ)

* Relate F; and M, to data and/or

« Compute F;,(% and M, using same
methods used to describe semi-
leptonic scattering processes with

nucleon & nuclear targets "



Leptoproduction: Had & Nuc Response

Nuclei Free nucleons
o O Elastic Hadronic
Elastic
Resonances
i Regge/
Quasi- ' _
Elastic Hadronic Deep Inelastic

R
esonances Regge/

Deep Inelastic

Discrete

GDR
Levels
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Leptoproduction: Had & Nuc Response

Nuclei Free nucleons
o Elastic  yadronic
Elastic
Resonances
: Regge/
Quasi- .
Elastic Hadronic Deep Inelastic
Resonances

7 Pion Production

!

Single nucleon: PRL 121 (2008) 241804
ARV =0.02361(38) = 0.02467 (22)
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Leptoproduction: Had & Nuc Response

Nuclei Free nucleons
o O lastic Hadronic
Elastic

Resonances

Regge/
Deep Inelastic

Quasi-

. Hadronic
Elastic

R
esonances Regge/

Deep Inelastic

Discrete

GDR
Levels

7 Pion Production

A 4

Quasielastic response |--->  Part of 8 : “ CgNuel ”

New work 21



Impact on dy¢

=

\

i
—KZ N
A

A”

Cor — q(SO)QACB)

= —(4.64£0.9) x 107*

/

Our new work:
QE response

/

Towner &
Hardy

-
/=;atures: .

Few x 10™4
Error bar ?
Refinements ?
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Other Nuclear Corrections

Nuclei Free nucleons
O Elastic Hadronic
Resonances
. Regge/
Quasi- , .
Elastic Hadronic Deep Inelastic

Resonances

Regge/
Deep Inelastic

Discrete GDR

Levels

7 Pion Production

__________ > Part of s

Low-lying transitions
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Questions for the Day

How robust is the quoted uncertainty on the
new value of ARV ?

What additional tests (theory, experiment) are
available ?

What is the roadmap to refined computation of
Sys (QE) ?

How important are contributions from other
region of the low-E nuclear response ? How to
compute & how to test computations ?
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