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* Introduction and motivation;

* Matching of low- and high-E EFT;

* U(3)’ flavor symmetry;

* General flavor structure;
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Motivation *‘*‘

. SFoasf Vyq (0" 5 07 nt —=nle'v
Precise data ¢

+ 0.226 [ \'“‘N"AKK‘Q TC+ g l+vl
Precise SM predictions i~ uniarty K —ah,
l Vs (Kig) K" —] +'vl
Remember... = .
[ V., =0.97425(22)] el FuA || | n decay
0.972 0.974 0.976 v“d 0+ - 0+

* EFT analysis not available; (M Seary )
(particularly interesting in the LHC era...) o
[Nucleon-level language for B decays]

* We were interested in d—uev & s—uev,
but most of the results are valid for any flavor structure.
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Motivation
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Low-energy EFT ford —uev

~

L~ (A+e)(V=AV -A) +er(V-A)(V +A) + T =) i AL
tes(S—P)S —ep(S—P) P + It i — TSP
+er(T —Ts)(T + Tys) o =bandE—="";)

S

‘ Linear approximation: SM + small perturbation

ud 1+RQ(FL+€R |:éL’y#1/L-fL(’y” —“’y;,)d

+ €5 egyp - ud — €p Epyp - UYL+ 2 ep CRO VL -ﬂo”de:|

Ld—»ue— U — _\/§G

“hi ” ingi i i
|\‘;& |A2 gets| V{udﬁen |n‘1;ld|e2V;Z X (The real l:ilrt) ge’t:I hidden ;r; the Diff. distr. altered;
d + _I— b corresponding axi -vector . s 1.
u us u (precise LQCD needed) SM analysis not valid;

New Form factors;
Channel dep. effects;

==> Comparison between low-E processes possible.




Matching high- & low- EFT

L(z) = L (SM fields, bSM fields)

[Buchmiiller-Wyler’1986,

l, Leung et al.’1986,

Grzadkowski et al’2010]

1
Lejy. = Lsym + el Zai O;

[Cirigliano, MGA, Jenkins 2010,
Cirigliano, MGA, Graesser’2012]

, 1GrVy
d—ul~ g — —
V2

ZL’)/“I/ -avytdy + Z 655 EPFV . ﬂFd6:|
poT
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Matching high- & low- EFT

[Cirigliano, MGA, Jenkins 2010,
Cirigliano, MGA, Graesser’2012]

OO g o— 4
€L =€y +e€p €L =—bg,

INEINT ~(3)\t
@ _o0x® o[V (g @) [V (659)Tn
e = 20‘;,;1 + 2T + 4(!9’1 Oet T
~(3)
(o _ oV
L = Via
[dtf’so] 1 = [64 euud] 11
€R = —Opp—— ép = — vl
R el Vud R Vud

AT ~
cs—cp— —glV Caadtt 5 — zp = 2l Saltt Vert tions:
Vud Vud ertex corrections:

oAl
Va Va . a, (s ~a
¢ ¢ 08) =i(ptDHo%0) (Fyu0%) +hc.

~ T -
€s+ep=— és+ép= 727[0'1"”]11 Oypp = i(¢" eDyyp)(@y*d) + h.c.
bt p
& V@l
_ 8l gT:[ 1 11 .

Vaud Vaud Ot(jl) =i(¢' D o) (yuo"l) +hec.

O, = i(¢TeDup) (T e) + hec.

Four-fermion operators:

01(2) = (In*o*)([@yu0%q) Ocvud = (€"v)(@ud) + hec.
Ogae = (I¢)(dq) + h.c. Oquy = (Iv)(uq) + h.c.
O = (Lae)e®™(Gyu) + hc. Ol’q = ([lav)e®(@d) + hoc.

Ofy = (lao" ) (@opwu) + hc. Ol = (" 1) @0 d) + hic.




Matching high- & low- EFT

What are the consequences of assuming the (d — u e v) low-E Lagrangian comes from the
EW Effective Lagrangian (SMEFT)?

© er is lepton independent:

- Irrelevant for f§ decays, but not for
e.g. m/K/hyperon decays, p capture...

€L VuVL - UrYdR i(¢T D) (ary*d)

2  Very different inb — s e'e,
where some structures are forbidden! /[Alonso, Grinstein & Martin Camalich’2014]

- Not true in the non-linear EFT! /Cata & Jung'2015]
(Flavor probing the Higgs sector!)
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Matching high- & low- EFT

What are the consequences of assuming the (d — u e v) low-E Lagrangian comes from the
EW Effective Lagrangian (SMEFT)?

© er is lepton independent;

€L VuVL - UrYdR i(¢T D) (ary*d)

< It relates beta decays with a plethora of other experiments:
- LEP physics;
- LHC physics:
2> pp—eMET(+X)
> pp—ee (+X)
= Higgs decays
> ..

» U(3)’ flavor symmetry;
< EFT flavor structure?
* General flavor structure;




Matching high- & low- EFT: U(3)°

What are the consequences of assuming the (d — u e v) low-E Lagrangian comes from the
EW Effective Lagrangian (SMEFT)?

o If U(3)’ is an approx. flavor symmetry (e.g. MFV), only the (V-A)x(V-A) structure survives!

[Cirigliano, MGA & Jenkins,
Nucl. Phys B830 (2010)]

u —evy,

Ll e (%) = m2 eLyu )WY uth) 2 )m )] +he.

W

h 0
-4a —2ap LG; ) = GO1+7,)

Ezy"d;')(zy"vu)wM)
L (00 =2V, | ot ar) S T, T +he,

w
1, (TG v,
(u ”‘) G pheno(SL) _

where... [v,],,”—2(1”)+2(x”) 2a,”

where... V=

d’ — u'lV,

=G (1+v,)




EW Effective Lagrangian (SMEFT)?

Matching high- & low- EFT: U(3)°

What are the consequences of assuming the (d — u e v) low-E Lagrangian comes from the

o If U(3)’ is an approx. flavor symmetry (e.g. MFV), only the (V-A)x(V-A) structure survives!
© Only NP effect: Gr & Vua shifts; (channel-indep.!)
< SM analyses are OK;

© No new FF;
2 2 2 y — — — —
Wl Vi + V[ -1=0.1206) 107 = 25 =4(-a( +a? -a +a”)
Ayp >11TeV
3 0.228
> < V,q4(0"—>0Y
Better than LEP & LHC bounds!
Ko
0.226 VNw It should be part of any global EFT analysis.
fil—'[ *_2:1r|l;tr'||ty [Cirigliano, MGA, Jenkins'2010]
0.224 | [Cirigliano, MGA, Graesser’2012]
Vus (Kig)
S,
0222 F Iav_iA S,
net Tan \Z .
0.972 0.974 0.976

vV,

ud

PS: Numbers have changed, but not much...

Flavor sym. considerations make

CKM unitarity test special wrt
the other NP searches.



CKM tests vs. HEP e B 5830 oty

Acgr = 4(-69 +d2 -dP +6 )= ~(126)10~*

(3) 1 - o _an(i o What did we know about them from
Oy = 57" oD)(I7u0l) LEP and other EWPT?

0(3) (Iy"o“1) @@y, "gT>"
:z(hTD"a ©)(17,0°1) +h.c.,
0( =i(p'D"o%0)(q7,0"q) +h.c.

I\
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* Introduction and motivation;

* Matching of low- and high-E EFT;

* U(3)’ flavor symmetry;

* General flavor structure;
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General flavor structure

Lasue-5, = —\/iG wi| 1+ Re(er +ep

+ €5 egrr -ud — €p ERVL - UYL+ 2 e eRO’H,,I/L~u0"’WdL:|

V & A gets “hidden” inside Vua (The real part) gets hidden in the

2 2 2 ~ corresponding axial-vector FF
v [ v+ —1=0.1:0.6-103] 3 g
[l "dl | "“l | ""l { ) (precise LQCD needed)

Diff. distr. altered;
SM analysis not valid;

New Form factors;

Channel dep. effects;

PS: All these low-E searches for non (V-A) effects are nothing
but searches of U(3)’ breaking effects!
These are probes of the NP flavor structure!
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General flavor structure

Lasue-v, = —V2GrVaa (1 + Re(er + FH)) |:éL')’pVL . ﬁ(’Y” - (1- 261?)7“’75)(1

€p éRl/L~ﬂ’)'5d 2 e éRO"“,I/L%]o"’WL

Example: searches of S & T interactions with beta decays;

-t - = S
€5 = — [V aqde]ll_ [alq]ll qde (l )(dq) +hec.
‘?d Vud <):| = (lae)e®(Gyu) + h.c.
& , _
€r = @ i Olq ( aUW )fab(‘jbauvu) +hec.
\ Vud
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Searches of low-E (udev) S & T interactions

dF(J) Pe - Pv 7& &i Me &J
B4, ~ §F) {1 *95m (5 TAB T T BT )E g

b=#gges+#grer

o8 ———— Clean powerful tree-
level probes!

3090 Hardy-Towner 2009
b =

<p|ﬁd|n) - g
(p|ﬁowd|n>—b &

57770 15 20 25 30 35 0
Z of daughter

Neutron




Searches of low-E (udev) S & T

Is this precision OK?
How well do we need to know them?
(assuming b < 0.001)

How well do we know g¢ and g,?

og/gs~20%

Adler et al. 1975 0_60(40) 1.45(85) : SgT/gT~ 10%
(auark model) e " -
PNDME 2011 0.80(40) 1.05(35)

[average]
+2.5 20% 13%
+5.0 10% 7%

-0005;, . —— - j
~00004 -0.0002 00000 0.0002 00004  0.0006

er
[Bhattacharya, Cirigliano, Cohen, Filipuzzi,
MGA, Graesser, Gupta, Lin, PRD85 (2012)]




Searches of low-E (udev) S & T

Is this precision OK?
How well do we need to know them?
(assuming b < 0.001)

How well do we know g¢ and g,?

og/gs~20%

Adler et al.’1975 0.60(40) 1.45(85) | dg,/g~10%
(auark model) e = .
PNDME 2011 0.80(40) 1.05(35)

LHPC 2012 1.08(32) 1.04(02)
ROCD 2014 1.02(35) 1.01(02)
PNDME 2013/15 0.72(32) ‘ 1,02(08)‘ ’ "We quantify all syst. errors, including
for the Ist time a simultaneous
ETMC 2015 1.21(42) 1.03(06) extrapolation in a, V & my”

xQCD 2015 0.66(03)stat =

PS: (Less precise) gT pheno det are also possible: gr = / (hi‘ (;L-) — h‘li (m)) dz
Active field, with more data in the near future...
[Gao et al., 2011, Goldstein et al, 2014, Courtoy et al, 2015]




Searches of low-E (udev) S & T

Is this precision OK?
How well do we need to know them?
(assuming b < 0.001)

How well do we know g¢ and g,?

og/gs~20%

Adler etal.’1975  0.60(40) 1.45(85) - 9g,/g;~10%
(auark model) e - -
PNDME 2011 0.80(40) 1.05(35)
LHPC 2012 1.08(32) 1.04(02) e e
2.98(26) BMWc [1306.2287]
RQCD 2014 l 02(35) l 0 1 (02) . 2.90(63) RM123 [1303.4896]
w3.13(57) . QCDSF-UKQCD [1206.3156]
- 251(52) Blum et. al. [1006.1311]
PNDME 2013/15 072(32) 1 02(08) 226(71) NPLQCD [hep-lat/0605014]
i 'g" ..... _ 2.44(17) _ weighted average _
BT 121 (42) 1 03(06) supemvev)  [A. Walker-Loud's INT talk,

YQCD 2015 0.66(03)stat ) O (uv"d) = —i(mg — my)ud

cve ( 0.97(10) ) — —

[MGA & Martin Camalich,
Phys. Rev. Lett. 112 (2014)]




Current limits on S & T from low-E:

Global fit of nuclear & neutron § decay data.

[Wauters, Garcia & Hong, 2013]
[Pattie, Hickerson & Young, 2013]

Superallowed nuclear B decays (b,,)

Hardy-Towner 2009

b = 30004

5 710 15 20 25 30 35 -0.010
Z of daughter -0.003 -0.002 -0001 0000 0001 0002 0003
Re(er)




uture
&Lfem’ limits on S & T from low-E.:

Global fit of nuclear & neutron 3 decay data.

[Wauters, Garcia & Hong, 2013]
[Pattie, Hickerson & Young, 2013]

Superallowed nuclear B decays (b,,)

Hardy-Towner 2009
b =

[ b<
5 10 15 20 25 30 35 _0.0IO 1 "

Lot doer ~0.003 —0.002 —0.001 0.000 00013

500

Channet

\b =03 g5e5—5.0 gz, )




uture
&J’A?C‘rff limits on S & T from low-E.:

0.010

Oct’2011
0.005

—-0.005 -0.005

—0.0IO: o gl \
—0.003 =0.002 -0.001 0000 0001 0002 0.003
Re(er)

-0010 aedi |
—0.003 —-0.002 —0.001 0000 0001 0002 0003
Re(er)

= We are benefiting here from the advance in the FF determinations!

= Conclusion: S,T are at least ~1000x weaker than the V-A Fermi interaction.
2

M
€ ~ M;N —M,, ~2TeV

NP




ILHC limits on Es

[Bhattacharya et al’2012,
a e SM background NP (EFT) Cirigliano, MGA, Graesser’2012]

w
= +RC.| +

L v

- Sensitive to many eff. operators;
(good & bad... cancellations)

N

2 2
woeox = Ex L x0O \=exLx(oW+ases+oTeT)

—evX
e - Interference with SM ~ m/E

(D=8 effects?)

I '¢MSI\ISI='7I'I"eV;wI w T —' 0.02F
1 = v 3
J-L dt=5.0fb = E LHCT. 5 -1
] 0.01}
= H

—0.01F
H
H
H

° —0.024

—0.004 -0.002 0.000 0.002 0.004

500 1500 2000 2500
M; [GeV] *lerl
[MGA & Naviliat-Cuncic, 2013]




What about SL hyperon decays? (s — uev)

(d—uev)

0.02

— LHC7,5fb!
0.01

e, LHCS, 0fb!

F 000 {{‘ jou, sy ot

H 1Y . “'.'

—-0.01

=0.02
=0.004 -0.002

A—plv
X-—ntv
O I AY

E-—>Alv

0.000  0.002  0.004
*lerl

SBR/BR
e m
2% 20 %
3% 10%
4% U%

6% 100 %

oLd data (s—uev)

sensitive to T

TeV Flfujsics! )
0.10¢

A- pf Ve

0.05¢

i~

~0.05} — R

-0.10f B _
T onflv,

20410 —005 000 005 010
€s

e _ D(B1 = Bap™ 1)

F(Bl — Bye~ 176)

[Chang, MGA & Martin Camalich, PRL114 (2015)]



Conclusions

= EFT analysis of di— uilk vi

= U(3)’: CKM unitarity tests as a unique TeV probe;
= Beyond U(3)’:
= Diff. distributions (channel dep.);

= New FF; 0.02 o
= Examples: future)
= Beta decays; 001
= Hyperon decays; nuclei
< 000
&
= This interplay becomes much more -0.01

interesting if we see a NP signal!

0.02 pion
‘—0.004 —-0.002 0.000 0.002 0.004
Re(er)
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Backup slides
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Eftf. Lagrangians

GOV _ _
Lcc = — Ii/f (5ez + fL)e’Yu(l —ys)ve - uyt (1 —ys)d

+ereu (1 + ys)ve - (1 —v5)d

+ereyu(1 —5)ve - wy* (1 + v5)d + Epeyu (1 + vs5)ve - uy (1 + 5)d
+ese(l —vs)vp - ud + €gé(1l + v5)v - ud
—epe(l — 5)vp - tysd — Epe(l + 5 )ve - Uysd

+eréo, (1 — v5)vg - uot (1 — ys5)d + éréoy,, (1 + ys)ve - uoh” (1 + ’yg,)d]




Scalar resonance

p  What if we see a bump? EFT breaks down...

TOY model: scalar resonance:

£:

)\Svud(b+ﬂd + /\lgb_éPLVe

p Then we have a lower-limit value for :

c-B

R

Va7

1202 \/2N,

les|TL(7)

0.020

0.010
0.005
0.002
0.001
5x107*

lesl

2x107*

-
-
-
-
-

1x1074

pes
e
-

’’’’’’
- .
,,,,,
- o
______
- o
- e

Events

L(r) = [ daf,()f;(r/z)/x

T=m?/s

v
€s = 2)\5Al—2
m

Nice interplay of two
experiments separated for so
many orders of magnitudes!!!!

[T. Battacharya et al., 2012]
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What about SL hyperon decays? —uev)

Differences with neutron deca

S=——emco—atemx 5BR/BR
# Completely different exp. facility;

| » BRare tiny (hadronic modes open); *
# (Mainly) data from 70s-80s; A—ptv 2%  20%
+  SUQ) — SUB) X-—>ntv 3% 10%

8 =AM/M ~ 0.001 — 10-20% —_
’ BV XYey 44 Uu
'+ Muon channel open!

) o ] E—ALv 6%  100%
# 12 different channels (with diff. NP dependencies)
# New FFs (even in the SU(3) limit);
e S,P,T term ~ m¢ /q — Tiny effects in the e-modes
‘ (useful for SM)
~—_ ~ NOTE:

Lets forget for
now about kaoms...

~ Theory at NLO is also OK here!
j Error ~NNLO ~ 8 ~ 1-5%

M. Gonzalez-Alonso NP effects inu—dlv x

[Chang, MGA & Martin Camalich, PRL114 (2015)]




What about SL hyperon decays? ¢—uev)

e — D(B1—= By~ ) Illustrative & very
[(By — Bye™ 7) simple observable:
m 2 ol
pe oy M (9 mn 15 ~mZ\ No FFs!
Rgy = /1 A2 1 5 A2 4A4 5 A4 arctanh 1 A2 (o NLO)
4l (0 )ifr (0)
f)
' g1(0 II(A,my,)
(1= 30) (1439405 ]

Scalar charges: CVC!
Tensor charges?
In the SU(3) Limik you only need kwo:

i‘-‘—‘u(:ure.?

Better measurements (mu-modes);

NAG62? PANDA? ...
-9 lep) .
- One more! Theory.: include next SU(3)
Only model caleulations available, corrections;
LQCD desirable! Lattice: gr

Use more observables! ;
[Chang, MGA & Martin Camalich, PRL114 (2015)] . = —-




What about SL hyperon decays? ¢—uev)

& what about SL kaon decays?

= = o

Strong limits on BSM(s — u e v)... 1-0.1% level, but SL hyperon decays are
complementary because...

| #  Limits using old hyperon data are fairly strong...

#  Phase space in K is huge (q %€ M)... no expansion, but parameterizations;
Notice that the only effect of tensor interaction is a distortion of the shape!

#  Scalar gets hidden in the f(0)... ways out: LQCD.

#  No global analysis available? Complementarity looks probable...

[Chang, MGA & Martin Camalich, PRL114 (2015)]
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