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New physics: why!?

* The SM is remarkably successful, but it’s probably not the whole story

Leptons



® New degrees of freedom: Heavy! Light & weakly coupled?

® Two complementary laboratory paths to probe Lgsm :
energy and intensity / precision frontiers

VEW
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® New degrees of freedom: Heavy! Light & weakly coupled?

® Two complementary laboratory paths to probe Lgsm :
energy and intensity / precision frontiers

In this talk
assume new
physics at
M > vew

Intensity Frontier

(indirect access to UV d.o.f)
(direct access to light d.o.f.

| /Coupling



Charged current interactions in the “Standard Model EFT”

Probing first-generation quarks and lepton couplings:

* precision beta decay measurements — LHC

Probing tau lepton couplings to light quarks

* |Inclusive and exclusive tau decays — LHC

Conclusion



Charged currents
and new physics



® |n the SM, W exchange = V-A currents, universality
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® Sensitivity to broad variety of BSM scenarios

SUSY analyses:

Bauman, Erler,
Ramsey-Musolf,
arXiv:1204.0035,

Hagiwara et
al1995

Barbieri et al
1985

® Experimental and theoretical precision at or approaching 0.1% level
Probe effective scale A in the 5-10 TeV range



To interpret (positive or null) searches in terms of new physics at A > vew need several steps

E

Au (~GeV)

A

BSM dynamics involving
new particles with m > A

> [ Lpsm J

SU(3)xSU(2)xU(1)
Weak scale operators

@
(4%
> [ﬁsm D Eve 0,‘,‘”]

d>5

SUB3)xU(1)em

—> : A?
+ EQCD + cQED
Non-
l perturbative
method
>

Observables

“SM EFT”

Chiral EFT,
Lattice QCD,
dispersion
relations, ...



* To interpret (positive or null) searches in terms of new physics at A > vew need several steps

* BSM dynamics involving
E new particles with m > A

/\f \/\
] (Lo ) LHC

A ¢ SUE)xSU2)xU(1) phenomenology

Weak scale operators

(d)

SeWEC e — [ESM +Y 05:”] “SM EFT”

d>5

MW,Z ¢ SU(3)XU( | )EM
C
‘C ermi t) O!
>< >0<§ —> Fermmd Z: A
+ Loep + Loep Chiral EFT,
Au (~GeV) ¢ Non- Lattice QCD,

l perturbative

ethod dispersion
e relations, ...
m,Nn,p, ... Observables ’

 If A>fewTeV, can use EW-scale Lt for LHC: connection of low-E and collider phenomenology




* New physics effects are encoded in ten quark-level couplings
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* New physics effects are encoded in ten quark-level couplings
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€1 : vertex corrections and 4-fermion contacts
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* &r & weak-scale R-handed quark coupling

Opp = i(QOTGDMQO)(ﬁ'Y“d)

* &sp <« 2independent scalar structures

O = (l—ae)e“b((jbu)-l-h.c. Oge = (Ce)(dg)+h.c.
f / : N
Es+EP Es-Ep

* &1 & weak-scale tensor structure O, = (l.o" €)™ (G0 mu) + h.c.

|0



* (€
e Beta decays: half-lives (weak universality), correlations
e LHC (pp = ev + X, pp — ee + X), if A\ > few TeV
RECENT REVIEW: Gonzalez-Alonso, Naviliat-Cuncic, Severijns, 1803.08732
° (EO()dT
 Hadronic tau decays (exclusive and inclusive)

* LHC (pp 2 TV+ X pp = TT + X), if A >fewTeV



First generation couplings:
de
(€a)



|. Differential decay distribution
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Neutron Spin
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Electron Proton

isolated via suitable experimental
asymmetries

Neutrino




|. Differential decay distribution

dl’ o< F(Ee) {1 | bge :apbig” - () - Ape+B&+ }

Lee-Yang, 1956  Jackson-Treiman-Wyld 1957

Neutron Spin

a(ga go€a), A(gA, 8a€a) , B(gA gu€n), ™ : £

Electron Proton

\Y

isolated via suitable experimental / a P
asymmetries (plald|n) = gr Ty

Neutrino

Theory input: gvasT (great progress in lattice QCD) + rad. corr.

LANL results: Bhattacharya, etal 1606.07049
13



2. Decay rate

Lk = (G)? x |Vig|* % | Myaa|* x (1+ 8pc) X Fian

Hadronic / nuclear

Vid = Va [1 + €1+ er + bles, er) Fkin] matrix elements (£x)

and radiative corrections
Channel-dependent effective LQCD, XPT,
CKM element™* dispersion relations,



2. Decay rate

Neutron ‘Vud‘Q T (1 4 3@124) _ 4908.6(1.9) s | Marciano, sirin

case. 1802.01804

Vid = Vud [1 + €1 + €r + b(es, €7) Fkin] ga = ga (1 — 2¢p)

Channel-dependent effective Axial charge contaminated
CKM element™* by R-handed coupling



This table
summarizes a
large number of
measurements
and th. input

Already quite
impressive.
Effective scales
in the range

A= 1-10TeV
(Asm = 0.2 TeV)

Y(E.) = Y(E)

Non-standard Current | Prospective
coupling Observable sensitivity | sensitivity
Re(eL + GR) Ackm ~ 0.05% < 0.05% *
Im(eg) D, ~ 0.05%
ep, Ep Ry = 2= ~ 0.05%
Re(es) b, B, [a, A, G ~ 0.5% < 0.3%
Im(es) R, ~ 10%
Re(er) b, B, [a, A, G], t—evy| ~01% | <0.03%
Im(er) Rsy; ~ 0.2% ~ 0.05%
€atP a,b,B, A ~5—10%

- 1+bm./E.+...

Gonzalez-Alonso & Naviliat-Cuncic 1304.1759

VC, S.Gardner, B.Holstein 1303.6953

Gonzalez-Alonso, Naviliat-Cuncic, Severijns, 1803.08732




This table
summarizes a
large number of
measurements
and th. input

Already quite
impressive.
Effective scales
in the range
A= 1-10TeV
(Asm = 0.2 TeV)

Probes that depend
on the €’s linearly

Y(E.) = Y(E)

Non-standard Current | Prospective
coupling Observable sensitivity | sensitivity
Re(eL + GR) Ackm ~ 0.05% < 0.05% *
Im(eg) D, ~ 0.05%
€p, Ep Ry = 2= ~ 0.05%
Re(es) b, B, [a, A, G ~ 0.5% < 0.3%
Im(es) R, ~ 10%
Re(er) b, B, [a, A, G], m—evry| ~0.1% < 0.03%
Im(er) Rsp; ~ 0.2% ~ 0.05%
€atP a,b,B, A ~ 5 —10%

- 1+bm./E.+...

Gonzalez-Alonso & Naviliat-Cuncic 1304.1759

VC, S.Gardner, B.Holstein 1303.6953

Gonzalez-Alonso, Naviliat-Cuncic, Severijns, 1803.08732




Vil + 1Vl + R = 1+ Acrcu(c) |

/

Currently, extraction Extraction
dominated by 0*—0" dominated by
nuclear transitions Kaon decays

FLAVIANET report 1005.2323 and refs therein

Hardy-Towner 1411.5987 Lattice QCD input from FLAG 1607.00299 and refs therein



Vil + 1Vl + R = 1+ Acrcu(c) |
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[ Vaal” + Vs |’ +M|2 =1+ ACKM(@)]

0227 T Vis from K= pv

Ackm= -(4x5=+«10* ~lo

us

0226 -

Ackm= -(12£6)+10* ~20

Vus from K— TTIV

0225+

0.224: :
_ \ f Hint of something?
0223 -
- - grp®), &€LtEr, SM th input
K= Trlv \E N\ [€rp LTER put]
ol s\ > 049, Worth a closer look:
. o ; “/0
: L \3 - at the level of the best LEP
sl EWV precision tests,

221 | T N NN TN TN NN Y TN TN SN NN TN TN SN | 1 [N (N SN T TN SN N N :
0971 0972 0973 0974 0975 0976 0977 v
ud

probing scale A~10TeV



e Independent extraction of Vu4 @ 0.02% requires:

- - T2
o [4908.6(1.9) s
ud — — Marciano, Sirlin 2006
7o (14373)
- / \ J
0T, ~0.35s dgalgs ~0.15% — 0.03%
OT,/T,~ 0.04 % (Dala , SAJA ~ 0.14%)
UCNT @ LANL [T~ 877.7(7)(3)s] OA/A < 0.2% can be reached
is almost there, will reach 8T, ~ 0.2 s by PERC, UCNA+

1707.01817



e Independent extraction of Vu4 @ 0.02% requires:

-

~ _ N\
1908.6(1.9) s1'/

Vud —

o

T (14 35%)

Marciano, Sirlin 2006

)

4

OT,~035s
OT./T,~0.04 %

UCNT @ LANL [T.~ 877.7(7)(3)s]
is almost there, will reach T, ~ 0.2 s
|1707.01817

* Vud(n) and V4 (0*—0%) sensitive
to different new physics: not a
duplicate measurement
(similar to Kl2 vs KI3 inVys)

N

Sg,lgx ~0.15% — 0.03%

(0a/a, OA/A ~ 0.14%)

OA/A < 0.2% can be reached

by PERC, UCNA+

-

Vudln

Vud | 0+
\_

=1 4+ cses + crer

~N

J

cs, ct ~O(1)



* Assume €_rare induced by gauge vertex
corrections at high scale (SM-EFT)

e Dy QLT Y qr

o' eDup ury'dr




* Assume €_Rrare induced by gauge vertex é
corrections at high scale (SM-EFT) SR

* Low energy probes:

e Dy QLT Y qr

Ackm « ELTER o eD,p upydg

6r(1-[—>uv) X EL - ER [fT[ fl’om LQCD]

Neutron decay correlations (A,a,B) = A = ga (I — 2 &)
QWeak, Z-pole — &_



* Assume €LR are induced by gauge vertex é
corrections at high scale (SM-EFT) S

* Low energy probes:

e Dy QLT Y qr

® Ackm < ELtER oTeD,up upy*dr

¢ 6r(1-[—>uv) X EL_ ER [fT[ fl’om LQCD]

* Neutron decay correlations (A,a,B) = A = ga (I — 2 &R)
e QWeak, Z-pole — g

* LHC (if A > few TeV): associated Higgs + W production




1703.04751: S. Alioli, VC, W. Dekens, . de Vries, E. Mereghetti

Updated plot courtesy of E. Mereghetti

0.04} P e
pyg=10:01
(Run 2) ~
0.02
QWealk,
Z pole**
€L 0.00 S
~0.02
— 0" =0, T
----- WH, V'S =14 TeV
— n—pe v
—0.04- | 7 .
—0.04 —0.02 0.00 0.02 0.04

Ackm provides
stro ngeSt constraint,

followed by QWeak

Neutron decay +
LQCD: approaching
competitive sensitivity
to &R

Constraint on €r uses
ga =1.285(17)
(CallLat 1710.06523 )

¥ Adam Falkowski, private
communication, PRELIMINARY



e Several lessons:

e Low-energy can be quite competitive with collider bounds
e Connection between CC and NC (gauge invariance!)

|: e (Caveat: additional BSM operators can relax these constraints. t,
Combination of low- and high-energy constraints helps
reducing “flat directions”

e

vvedk, L\ \—Lv. appivauniiing
Z pole** competitive sensitivity
gL 0.0 ‘ to &r
Constraint on €r uses
-0.02 e - ga =1.285(17)
— 0" 50", oy (CallLat 1710.06523)
————— WH, V' S =14 TeV
~0.04_ — e —
—0.04 —0.02 0.00 0.02 0.04

** Adam Falkowski, private
communication, PRELIMINARY
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* TT, neutron & nuclear decays:

* Current: b(0" =0%) [&s]; TT 2 e VY [€T] d \< v

* Future: b, B, [€s1] @ 103 a

bet [€1](®He, ...) @103



h—>pevV

* TT, neutron & nuclear decays:

* Current: b(0" =0%) [&s]; TT 2 e VY [€T] d \¢< v

* Future: b, B, [€s1] @ 103 a P
bet [€1](®He, ...) @103

e Collider: for heavy new mediators probe same &s1 >E‘<
> ! T
o

ud
A L L u_
0105 CMS\Vs=7TeV s=v o dd v
= det:S.O ' —w.n
-m
-~ —
53103 ;"'*" Nobs (mT > mT,cut) = Eeff X L X
mp = \/QE%E:,’ﬁ(l — c0S Adey) ' l.%ﬂ)z 4 -:.: ( ow + Os X |€S |2 + OT x| ETl 2)

—— W' (m_=2.3ToV)
— - Background Prediction

e —

T. Bhattacharya et al, 1110.6448

| vﬁlﬂ § VC, Gonzalez-Alonso, Graesser,
§ 1210.4553

! (IK\I HJ-I s

500 1000 1500 2000 2500
M, [GeV]
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0" =0" (br) mT—>eVYy

3090F  Towner-Hardvl. 2010 T CU RRENT —— .
| = 8 e :_ t —— Simulation ;
30801 » 1000 = e Data 7
S ol Bychkov et al, 2007
3070t S ol ]
L o &1 @ M= 2 GeV (MS-bar) Sl
3060 5 10 15 20 25 30 35 0.010 0 |
Z of daughter - e o T N Y R S R S S * ]
I | ’ * A;?;Ee/ mn)siot?(@ey /2)0-3 1 "
—_.______ | 20%104 <frer <26 X104
0.005¢ ——
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\_ 2018, to appear )
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0* —0* (bp)

3090  Towner-Hardvl. 2010 CU RRENT
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FUTURE

&1 @ M=2 GeV (MS-

ar)

—
( /

b (n) @ 0.001

-

e

0.010—
0.005¢
& 0.000
LHC 300 fb! i
/.
@ 14TeV |
Bh . '
attacharya et al 1110.6448 _0.005|
Alioli-Dekens-Girard- _
Mereghett- 1804.07407
~0.010L—— £
-0.002 -0.001

[ g=101(10) )
g1 =0.99(4)
Bhattacharya et al (PNDME)
\_ 2018, to appear )

ET

0.000 Vfo{ 0002

b (¢He) @ 0.001

Prospective beta
decay
measurements
competitive with
LHC ~5 years
from now, probing
mass scales

Nst ~ 5-10TeV

Vud (09)/Vud(n):
OA/A ~ 0.1%
0T, =0.3s

Pattie-Hickerson-Young

1309.2499



* The next frontier in beta decays will likely include:
e 0Tn ~0.Is (UCNT2,...)

e <0.1% precision in neutron and nuclear correlation
coefficients (PERC,...)

* Improved calculations of radiative corrections™: dispersive
methods and lattice QCD (first results for meson decays)

17 J

e *This is currently the
dominant contribution to
Vud error from 07 —07:
Ar=(2.38 £ 0.4)%
p [Marciano-Sirlin 2005]
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T couplings to light quarks:
(EO()dT



T couplings to light quarks:
(EO()CIT

28



dlgsm(s) — dlsm(s) _ Z aj(s)ef

dl sm

e Experimental precision at sub-7% level
 Theory:
e Exclusive decays: requires decay constants, form-factors

* Inclusive: requires spectral functions. Use “quark-hadron duality”

29



* One-meson decay: T— TTV+

2 2 ~(e)2),,(e)2
m =G |Vud|

[{(r— =@ vy) = T
s

(1+8Fc)(t + AT = e = e = eff = 2ed)

fr : FLAG 2017 (and refs therein)
Orc: Deker-Finkemeier 1994 and VC-Rosell 2007

ef” — ei’e — e‘g,” — e‘g,e — %e%” —:=(1.5 6.1 : 103

Error dominated by f (2x exp.and 5x rad. corr)
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* One-meson decay: T— TTV+

2 2 ~(e)2
m G

167

(e)2
V
F(r— —® v:) = | . |

T B, &
(1+ k)1 + -~ )

fr : FLAG 2017 (and refs therein)
Orc: Deker-Finkemeier 1994 and VC-Rosell 2007

o TN, AN . R - | | - <3 . -3
Ci —SEp Hepl g LBy = (1.5 =6.7): 10

Error dominated by f (2x exp.and 5x rad. corr)

* Two-meson decay: T— NTIV: suppressed in the SM

as(s) = O(72—) > es & —(2£7)- 1073 |

Graces et al 1708.07802
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* Two-meson decay: T— TITTV+

ds N ds

/

Known at
(sub)% level

[1+2(ef™ + €} — €f® — X)) + ar(s)er]

31



* Two-meson decay: T— TITTV+ |
Tensor FF: use resonance saturation

(shape) + LQCD (normalization)

ds N ds

/

Known at
(sub)% level

[1+2(ef7 + el — € — ) + ar(s)er]

31



* Two-meson decay: T— TITTV+ |
Tensor FF: use resonance saturation

(shape) + LQCD (normalization)

.drexp(S) B dl sp(s)

[1+2(ef™ + €f7 — €f° — €g) + ar(s)er]

ds - ds
Known at R>quires F{','(S). Use F\e/+e_ (s) = Fy/(s) x (1 + OiB)

(sub)7 level e*e” = TT*TT" insensitive to new physics (s/A? effect)

1706.09436 |80| 06992

8 3, i) B IR IS RN I AR U L ELR L I I
2 £'2 E - TOF - KLOE12
z _ 811 e £ 10° “OLYA  *BES -
= Fokg g g ° CMD ¢ SND 3

LY. ol 8 YR g *CMD206 * DM1

°CMD203 * DM2
A6 st F g 10°F “KLOEOS - BABAR
10 hy, 07 06 08 i 5 B “KLOE10 ' Combined
. 10E -
o ALEPH by g ]
) ; i ]

P11 | +0 i d“"i'

10 L ¢ New X8 1 \l 1** ! 3
o Old ) 4
“u 10" e'e—-nm -} ++ # e
0 0.5 1 1.5 2 2.5 3 3.5 Sl BRI SRR ' ll | I'ﬁ

s (GeV?) 04 06 038 1 12 14 1.6 18 2 2.2 2.4
Vs [GeV)



* Two-meson decay: T— TITTV+

Tensor FF: use resonance saturation
(shape) + LQCD (normalization)

.drexp(S) B dl sp(s)

[1+2(ef™ + €} — € — €R) + ar(s)er]

ds - ds
Known at R>quires F{'/'(S). Use F\e/+e_ (s) = Fy(s) x (1 + OiB)

(sub)7 level e*e” = TT*TT" insensitive to new physics (s/A? effect)

* Use integral constraint: TTTT contribution to the HVP for (g-2),

Davier et al aT —af€ p 4 d
1312.1501, BB —edT 981 4T — €% 10.64 €4 =0.0089(44)
1706.09436 2ag?
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e Total widths into “V” and “A” final states related to spectral functions

Im My (s)

drv(s) — fvv(s)(l + 2GZ+R— 26?+R) Im nvv(s) + GTfVT(S)

drA(s) — fAA(S)(l o 2€Z_R T 26?+R) Im nAA(S)

ALEPH
0.14 E —
. 012 + IL P —
Nii(q) ~ /dqequ (0] T(Ji(x)J;(0))]0) N
| 0.08 |- 1 i
IIIl H,;j (S) — 7sz-j (S) % 0.06 |- I

3 - - -
0.04 g 3 m’-., . 11
) lr = x‘xxx 5 y g | F I 1 + !
0.02 _,‘ g it XXy ¥ i [
Spectral functions 0 |
’002 1
n 0.5 1 1.5 ? 2.5 3

33



e Total widths into “V” and “A” final states related to spectral functions

Im nVT(S)

T

drv(s) = fvv(s)(l -+ 2GI+R— 26?+R) Im nvv(s) + GTfVT(S)

dTa(s) = faa(s)(1 +2¢e]_p — 2¢;, g) Im M g4(s)

ALEPH
0.14 T —
@~ [ e oI TURIED T T
' 0.08 | . i
Im H"'J (S> = T Pij (S) £ 006 T

3 - - -
0.04 g 3 .d"'l""-'t." . Pl
X ‘1’ ? !.!xx 3 S P 4 1 r !
0.02 _,‘ g e Xxy I i [
Spectral functions 0 |
’002 1
n 0.5 1 1.5 ? 2.5 3
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* Use Cauchy’s theorem for w(s)l1(s)
on the pac-man contour (¥

* [1(s)— lNore(s) on the circle

e Method used to successfully extract

SM parameters (s, ms, chiral LECs).
Here put constraints on new physics

34

th

Tt pole
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pole
*50 :
ds 140 f2 ds 1+0), OPE
/ g;u(s) Im n(\/iA) :’:27!';0)(!771‘.) = Ef gw(s)n(\/i/\) +5§)wv), V:l:A(SO)
“/ Sth ISIZSO f
_\/—’
Experiment-BSM(e) = QCD Duality Violation: M+#[lope




* Four weakly correlated constraints

o V+A: W(s)=I, W(s)=Wiint(s)

(" _
€fT p — €f¢ o — 0.89¢%” + 0.73¢4” = (8.5+8.5) 1077

k OT2(efT i—=er )~ 066 fet = (32 4£11.8) 7907 )

OPE side dominated by perturbative term. Use s from lattice QCD

o V-A: w(s)=1I-s/so, W(s)= (l-s/s0)? [to reduce duality violations].

( )
0.15(efT, — €f® ) + 0.46¢5T + €47 = (0.8 £7.6)- 1077

015( 87 = — ECSia) 829 T 17 = (B &=1.8)- 107
- y,

OPE side has no perturbative term. Condensates from NDA and kaon physics + chiral symmetry
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e‘L’T—ei’e—l—e%"—ef?e 96:16.1

dr 1.3==91)

65 e
GST — —=Pif) 4= 0 % 1073
GCF,’T —6.1 =11.5

dr —1.1 = 3.8
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“

Independently constrained by EWPO

EWPO = A. Falkowski et al,
1706.03783

dt de  __ Wr We (3) (3)
€ —€ = 53'1_ — 58’,_ —[CEq ]7'7'11 " [CEq ]eell
W
Independently constrained by EWPO
dr s de __ Wqq
€ = €p = 08p
v
Independently constrained by EWPO
1
dT - #
“sip T Ty [Clequ £ Cledqlr 711
T _ _1[ (3) 1
T = 2 lequiTT1l
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edT—¢fe = §gVm —ég)e —[Cg)]rru g [Cg)]een

\—P/ ‘\’-/
Independently constrained by EWPO Independently constrained by EWPO

dr de Waqq EWPO = A. Falkowski et al
3 = = ) ’

R R ER 1706.03783

e
Independently constrained by EWPO
1
dt — il *
sp = 2. [Clequ & Cledq)7 11

edr = 10

T . lequiTT1l

New low-energy constraints on SM-EFT couplings:

s Gy G c,(e?u],,.,n — (1.0 £2.9,0.66 & 0.71, —0.43 £ 0.66, —0.02 % 0.82) x 10~2
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Events / GeV

Data /SM

e Similar to electron case:

1801.06992
ATLAS'I» ! . Data'
102 Ys=13TeV, 36.1 fb Eﬁ—m
[ Others
10 774 Uncertainty
weee Woo, (3 TeV)
1 s W'\ (B3 TEV)
10_1 ................
1072
10°F 7
1'2; " """"""""""" /%%
0.8
300 500 700 1000 2000
my [GeV]

pp — TV+ X

ol

o c c

a [« T =

m
X

Coefficient | ATLAS 7v | Hadronic 7 decays
3

g lrr1r | [0.0,1.1] [~12.8,0.0]

j%qu_ rr11 | [~4.6,4.6] —3.9,8.6

Credglrril | [~4.6,4.6 —7.7,4.8

| ZZW 1 | [-2.7,2.7 —8.8,1.8]

95% CL intervals (in 10~* units) for the Wilson
coefficients at p = 1 TeV
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e LHC input constrains 4-fermion “L”’ couplings at 10-3 level

dr de -
€L €} =
dr
€p =

T 3 3
8" —0B" — [Céq)]rru + [Cﬁq)]een

w

constrained by LHC at 0.1% level

* Hadronic tau decays
become a new %-level
probe of lepton flavor
universality of vertex
corrections

40

Our analysis +
Greljo-Marzocca

1704.09015
0.04r"
0.02f ~T-decays+LHC
£x 0.00
S
-0.02¢
EWPO+LHC
-0.04¢

Z Z
691 "-691°

~0.06 -0.04 -0.02 0.00 002 004 0.06



e LHC input constrains 4-fermion “L”’ couplings at 10-3 level

dr de -
€L €} =
dr
€p =

7 3 3
8" —0B" — [Céq)]r'rn + [Cﬁq)]eeu

w

constrained by LHC at 0.1% level

* Hadronic tau decays
become a new %-level
probe of lepton flavor
universality of vertex
corrections

Our analysis +
Greljo-Marzocca
1704.09015

0.04

| 95%CL Neutron “A” "

-0.02} + gA from LQCD
[1710.06523]

-0.04¢

0.02} - r-decays+LHC ﬂ‘ :

EWPO+LHC

Zt_s 7
6gr"-69.°

40

~0.06 -0.04 -0.02 0.00 002 004 0.06



e CC transitions with sufficient th. and expt. precision ( decays at
< 0.1%, T decays at <1%) provide “broad band” probe of new physics

e Discovery potential depends on the underlying model. However, for
heavy mediators, EFT shows that a discovery window exists well into

the LHC era (simple examples: € -&r and €s-&7 plots)

* |n general, combination of low- and high-E measurements can
e provide stronger constraints on certain couplings
* break coupling degeneracies

* reduce “flat directions” in space of effective couplings

 Example of global analysis in next talk



