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* New physics in beta decays: generalities and EFT framework

e Constraints on non-standard charged current interactions

e global analysis of beta decays
e collider input: LEP, LHC

e comparison of sensitivities & complementarity

¢ Summary and outlook
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® Broad sensitivity to BSM scenarios

® Experimental and theoretical precision at <0.1% level =

probe effective scale A in the 5-10TeV range
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To connect UV physics to neutron and nuclear beta decays, use EFT
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* New physics effects are encoded in ten quark-level couplings
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* Quark-level version of Lee-Yang effective Lagrangian, allows us
to connect nuclear & high energy probes
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* 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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* Work to first order in rad. corr. and new physics

Lo =~V (14 00e) (1= 95) (1404 )
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Fermi constant
extracted fro muon
lifetime, possibly
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Note: besides the pre-factor, €rappears in nuclear
decays in the combination ga = ga x (|- 2€R)
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|. Differential decay distribution
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|. Differential decay distribution
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Theory input:
(I) Nucleon matrix elements (gvasTfrom lattice QCD), including O(q/Mn)
(2) Nuclear matrix elements (including recoil order terms O(gq/Mn))
(3) Radiative corrections
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N=2+1+1

With estimates of all systematic errors (mg, a,V, excited states)
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2. Total decay rates

Lk = (GP)? % |Vij|” x | Mpaal® x (1+ drc) X Fian

Channel-dependent
effective CKM element

Vud = Viud [1 + €7, + €+ 5(657 €T) ﬁ{in]

1Vaal? + [Vl + Via = 1+ Acxou(cr)




* Experimental precision between ~0.01% and few %

Ft (or—o0*) values

Parent

Ft(s)

IOC
140
22Mg
QGm‘Al
Ml
34A1.

38m K
B(Ca
12G,
16y
50NIn

3078.0 + 4.5
3071.4 + 3.2
3077.9£7.3
30729+ 1.0
3070.7 £ 1.8
3065.6 £ 8.4
3071.6 = 2.0
3076.4 £ 7.2
30724+ 2.3
3074.1 + 2.0
3071.2 £ 2.1
3069.8 £+ 2.6
3071.5 £ 6.7

3076.0 + 11.0

Correlation coebficients

Neubron dakta

Parent Tvpe Parameter Value

Parameter Value

“He GT/3~
2Ar F/p+
38m K F /}3+
%0Co GT/3~

~0.3308(30)
0.9989(65)
0.9981(48)
—1.014(20)
0.587(14)
~0.994(14)
0.9996(37)
1.0030 (40)
0.0009(22)

67Cn GT/B~
H4n GT/3~
140 /¢ F-GT/B+
26A1/%p  F-GT/B+
SLi GT/8~ R

Pr/Pgr
Pr/Pgr

Tn (8) 879.75(76) = (5 = 1.9!")

—0.1034(37) =
—0.1090(41

—0.11869(99) = (5 = 2.6/

—1.2686(47
~0.00012(20
0.004(13

ES
*

)
)
)
)
0.9805(30)
)
)
)

v

Nuclei

Gonzalez-Alonso, Naviliat-Cuncic, Severijns, 1803.08732

* Averaqe

S = (sztn/ dof )1/2
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e Standard Model fit (A= ga/gv)
Experimental [pre Seng et al. 1807.10197, ...]

Radiative corrections (AR)

Vua| = 0.97416(11)(19) = 0.97416(21) P = ~0.13
/v = 0.57.
A = 1.27510(66) Knin/
0*-0*
-1268+
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and Tn (not An)
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e Standard Model fit (A= ga/gv)

New Radiative corrections (Ar)

Experimental [Seng et al. 1807.10197]
Vol = 0.97416(11)(12) =0.97366(15) p= 0
/v = 0.57.
A = 1.27510(66) Knin/
0*-0*
-1268+
e Fit driven by Ft’s (0" —0%) \ _1272}
and Tn (not An)

-1276

-128
0983 0984 0985 0986 0987 0988

Vud (|.|. AR)I/Z
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e Fit including BSM couplings (driven by Ft’s (0* =0%) , T, and An)

2nd error:
Vea =Vau (1 + 1+ en) (1 - %) |st error: Ar, ga,gs,and gr
\ experimjntal / Ga = ga (1 — 2¢p) |
Vol 0.97452(34)(19)
~2% — ~0.5% ** €R 0.002(1)(21) (90% CL) ,

~0.2 % es |~ | 0.0014(20)(3)  (90% CL) Xinin /v = 0.46
~0.1 % €T —0.0007(12)(1) (90% CL)

1.00

~[0.00 1.00
P=1083 000 1.00
0.28 —0.04 0.31 1.00

** CallLat 1805.12030



[ Vaal” + Vs |’ +M|2 =1+ ACKM(@)]

pa AN

Extraction dominated by Extraction dominated by K decays:
+ + et
0*—0" nuclear transitions K—=1rev & K= pv vs T= UV (Vus/Vud)
Hardy-Towner 1411.5987 FLAVIANET report 1005.2323 and refs therein
CKM 2016 Lattice QCD input from FLAG 1607.00299 and refs therein

+ MILC 2018 1809.02827
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[ Vial” + |Vus|? +M|2 =1+ ACKM(@')]
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® Need to know high-scale origin of the various €y
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® Model-independent statements possible in “heavy BSM” scenarios:

Mesm > TeV — new physics looks point-like at collider

VC, Gonzalez-Alonso, Jenkins 0908.1754



® Need to know high-scale origin of the various €y

eLr originate from SU(2)xU(1)
invariant vertex corrections
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Need to know high-scale origin of the various &«
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Need to know high-scale origin of the various &«

eLr originate from SU(2)xU(1)
invariant vertex corrections

Building blocks
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E.g. from W -WrR mixing in Left-Right
symmetric models

VC, Gonzalez-Alonso, Jenkins 0908.1754



® Need to know high-scale origin of the various €4

€Lr originate from SU(2)xU(l) €spT and one contribution to

invariant vertex corrections gL arise from SU(2)xU(1) invariant
4-fermion operators

ui Ui

[ Owe = (fe)(dg)+hc.

O = (lae)e”(gsu) + h.c.
O, = (l.o* €)e™(Gy0,u) + h.c.

O = (1" o°1) ([@y.0"q)

.
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® Need to know high-scale origin of the various €y

€Lr originate from SU(2)xU(l) €spT and one contribution to

invariant vertex corrections gL arise from SU(2)xU(1) invariant
4-fermion operators

Ui u.
dj ‘W/ dj .
— ﬂe
Ve
e |EP/SLC:

® Strong constraints (<0.1%) on L-handed vertex corrections (Z-pole)

® Weaker constraints on 4-fermion interactions (Ohad)

® What about LHC?
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. . . £
® The effective couplings €4 contribute d >
to the process pp @ ev + X zd
dd Y,
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® The effective couplings £« contribute : _

to the process pp @ ev + X ﬂd
dd v
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® The effective couplings €4 contribute

to the process pp > ev + X

® By SU(2) gauge invariance,
€q contribute also to
pp — e'e” + X

u
e
u
d €a
ud
u
dd \%
// z'—-—~-\\ \\\
"' "I \\\ \\
0.001! Y
’ ¢ \ "
; H \ \
H H \ '
! f \ \
1 \
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L H n 1 i
\ '. : /
‘\ % ,‘ ’:'
\ \ / /
-0.001} \ /
\\\ \\ ,ll ,/
-0002r = tsecalae—er
"-00004 -00002 0.0000 00002 00004
ET
Gupta et al.,, 1006.09006
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* Vertex corrections inducing &R in the SM-
EFT involve the Higgs field (due to SU(2)
gauge invariance) P'T Dy QLT gL

0" e€Dup upy'dp
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* Vertex corrections inducing &R in the SM-
EFT involve the Higgs field (due to SU(2)
gauge invariance) P'T Dy QLT gL

0" e€Dup upy'dp
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90%CL, assumes only two operators at high scale

s | I BPas B Neutron decay:
A=ga(l —2¢Rr)
0.02} | - :g - Constraint on &r uses
‘ ga =1.271(13)
N\ (CalLat 1805.12030)

(Run 2 projection)

AckMm « ELTER

Z-pole = g -0.02}
Falkowski et al oS0 o Ol (r—pv) = EL— €R
|706.03783 | | |- WH, VS =14TeV [f from LQCD]
— n-—pev
—0.04| : : . .
004 = 000 002 0.04




Example |: €L and &r couplings

Several lessons:
e Beta decays can be quite competitive with collider

e Connection between CC and NC (gauge invariance!)

e (Caveat: going beyond a 2-operator analysis relaxes some of these
constraints (but not the one on &r from A)

e Allin all, beta decays provide independent competitive constraints in a
global analysis

LQCKM < €L ' CR

Z-pole = £ -0.02
Falkowski et al 50w Ol (rr—pv) =« €L— &R
|706.03783 | | |- WH, /S = 14TeV [fr from LQCD]
n— pe v
0.0
-0.04 —0.02 0.00 0.02 0.04
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® What if new interactions are not “contact” at LHC energy!?
How are the € bounds affected?

® Explore classes of models generating €&st at tree-level.
Low-energy vs LHC amplitude:

/2 =)

>g' o Ap ~ giga/M? = ¢
Mo Athc~ € F[v/siM, Vs/T(€) ]

G

® Study dependence of the € bounds on the mediator mass M



® Scalar resonance in s-channel u

mT,cut — I TeV

O suppression
due to
M < MT,cut

&S ool _

Improvable with
lower mTcut
But larger SM bkg

u
d )\S S )\l
® Upper bound on &s based on Ly <
u
dd 22 v
— €S 2AS}\I?
g —
/
0.1 .
- \\ decoupling
oL resonantly : regime
enhanced O

m (TeV



® Scalar leptoquark So (3*%1,1/3)

® stT=-1/4es=—-1/4 ¢p

O suppression

due to _ ~
| /(m2 -t) vs | /m?2 0.500 |- contact -

- m— Mediator |
\Q | decoupling
00501 |~ regime

0.010 :

1.000 : T T T T | T T T T | T T T T | T T T T | T T T T | :

0.005 L ]
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t-channel mediator

u . e

-

Messages

® For mediator mass >|TeV, LHC bounds on €’s based on
contact interactions are “conservative’: actual bound is stronger
¢ for s-channel resonance, comparable for t-channel

"' e For low mass mediators (m < 0.5 TeV), the LHC bounds on €s

quickly deteriorate: limits based on contact interactions are
unreliable (and EFT practitioners would never dream to
extrapolate the validity to such low masses!!)

0.005 |- .

0001 ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] | ] ] ] ] |



® |f “bump” in mT is due to a scalar resonance coupling to e + Ve
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® _.then we a lower bound on €s: B-decays provide diagnosing power
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® |f “bump” in mT is due to a scalar resonance coupling to e + Ve

Events

Diagnosing power

® Spin of resonance

e Nature of “MET” (is it Ve?)

® Additional scalars!? (suppression of &s through interference)

e\ A w vy



* Model = set overall size and pattern of effective couplings

e Beta decays can play very useful diagnosing role

e Qualitative picture:  “DNA matrix”
L &R Ep &S ET
LRSM X v X X X
Can be made
quantitative,
including LHC LQ v X J v v
constraints on
each model IHDM » X v v X
MSSM v v v v v

YOUR FAVORITE
MODEL




e [ decays with sufficient th. and expt. precision (< 0.1%) are a very
competitive probe of new physics

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

e Beta decays play unique role in probing vertex corrections
€L-€R (not enough precision at the LHC)

e Beta decays can be competitive probes of scalar and tensor
interactions if precision reaches < 0.1% ( €s-&1 plots)

* Beyond “race to discovery”, interesting complementarity with LHC
in diagnosing what one has discovered



