Model-independent BSM searches:
interplay between flavor and the LHC
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M. Gonzalez-Alonso SMEFT: flavor vs LHC




EFT: intro & motivation

>g < Vyq (0" - 07) 0K, amazing precision, but...
3
0.226 - ~ 4 owhat are we really probing here?
4 ois it competitive (vs LEP & LHC)?
fit—! | < fit with
o201 | unitarity
vlls (KIJ)
0.222 - , .
0.97 0.975 0.98

Vud

oif I am inkerested in a model...
how can I use this avmtvsi.s?

> An EFT analysis can heLP!

M. Gonzalez-Alonso SMEFT: flavor vs LHC




EFT: intro & motivation ( EFr = Feds + symmeries )

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]
e/ _
Loit-sy = — 7 L\ lpyy - uytdy + Y by LTw - ﬂFd5:|
poT
LrN,. =... g =f(a;))

2

Gr=-—2—
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EFT: intro & motivation

Data + Efficiency:
The analysis (bkg, PDFs, FF, simulations, ...) is done once and for all!
i m
QcED mgut... Useful especially if...
\ #+ Global analysis;
# Avoid additional assumptions.
(Correlated) . . .
o e e # Valid also if NP is found.
EFT Wilson
Coefficients & # Analyzing (semi)leptonic hadron decays within a model-indep. EFT setup
allows us to...
+ identify the (combinations of) WC probed by each measurement;
‘ RGE! # assess the interplay with other processes;
(e.g. hyperon vs kaons, flavor vs LHC, ...)
# obtain results that can be applied to any given model later;
Matching with
a specific
model (or a al®
HEP EFT) s = fi(anp, Myp)

M. Gonzalez-Alonso
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Low-E EFT

# All we can have: V;;+ 5 Wilson Coefficients / transitions;

ﬂ—)ue De — — \/EGF Vud

(I +ep)epyuvr - uv* (1 — v5)d + er épyuvr - ty* (14 v5)d \

+ ¢s érvr -ud — €p EryL - Wysd + 2 er ErouyvL - UoMdL

‘[éL’Y;‘VL 'ﬁ(7" - @‘V"’)’s)d

€ + ¢s érvr -ud — €p EryL - Wysd + 2 er ErouvL - UoMdL J

# Matching with the HEP EFT: ¢ is lepton independent; /Cirigliano, MGA & Jenkins, 2010/

= Very differentinb —see, . [Alonso, Grinstein & Martin Camalich’2014]
where some structures are forbidden!

= Not true in the non-linear EFT!  /Cata & Jung'2015] &)
(Flavor probing the Higgs sector!) u e g N >‘A\A/A,<
# Global fit of d—ulv & s—ulv transitions; d><"

[MGA & Martin Camalich, 1605.07114]

ErLuvr - UrY"dR i(¢TeD, ) (@y*d)




EFT ﬁt Of d <S> —)U,l\) [MGA & Martin Camalich, 1605.07114]

# CP-cons observables;
# Each process deserves a whole talk:

* K—ev, pv
T—€vV, UV

[Exp] + {Theory (SMﬂ + (NP implicatiorﬂ

L@V~

Convenient ratios:

&

K—ev/K—puv

* eV / m—pv
q,
#

n—pv / K—pv

-+ K—pv

GHVi|? f2s 2
L Py D ——C 2
P

274 [Marciano-Sirlin’93,
2 (1 + 631“) Cirigliano-Rosell’07, ...]

2m?,.
X _4€D _ B €Dl)
( R mg (mp + my,) P

N =

a—— —
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EFT ﬁt O f d <S> _)ulv [MGA & Martin Camalich, 1605.07114]

;( Ki3 (KL Ks,Kr—mev, nuv)J

# SM analysis nicely done by Flavianet; [Antonelli et al’2010] /ﬂﬁ
K

# Kinematic distr:
#+ BSM (es,r) and QCD (FF slopes);

+ Interference ~my/E ==> K3 effects ~ |es1/? .
# u channel: €s accessible via Callan—Trelman theorem: so00
- - L om2 mz a0
( fO(Q?)T)ezp folar)qep |1+ 55“%) p
[.L
ﬁ Ik 1 ‘ 20
| + A o0 [ISTRA+"2004]
f1r f+( ) or %3 05 os o7 o8 o8
[Bernard et al.’06, '09; FLAG'13; Gasser : : ) : : Y=1éumx
#+ Total rates: & Leutwyler’84; Bijnens & Ghorbani’07;]
rf 7 Phase-sp;ce Int. Mode Vus f+(0)
GZm P N 2 K 0.2163(6)
| T(K, cszv £(0)2 Ik(M\ro, €5, ) (14 0°+ 02 Les o
(Kiat) = Tagos C Sew [VEal" 11 (0)% le(huon F ) ( ke 0.2166(6)
Kses  0.2155(13)

K% 0.2172(8)

_>{us’ }_>{us76L _€L e
K5 0.2170(11)




EFT ﬁt O f d <S> _)ulv [MGA & Martin Camalich, 1605.07114]

# Nuclear / baryon decays: M S s o
3090 Ar¥8c ¥Co
# Superallowed nuclear f decays ‘%m }
* SM — Vg, wro b
* BSM — Vig, br ~ g & - ——%— 7

Z of daughter

# Neutron decay — 5" = (1 - 2¢%) g1 wall (p(py)] Tvuv5d | n(pn)
# Hyperon decays — ¢ = (1-2¢;,) g1

# Radiative pion decay — Frz er
T —>evy

Bychkov et al, 2007

A=(E/m )sin’(©,_ /2)

M. Gonzalez-Alonso SMEFT: flavor vs LHC




EFT fit of d(s)—ulv

[MGA & Martin Camalich, 1605.07114]

# Theory:

# Radiative & isospin-breaking corrections;
E.g psv _ 1 9350(1) x 104

R3M =2.477(1) x 107°

[Cirigliano & Rosell, 2007] (7|$y*u|K)

#» Form factors:
* £(0), f/fn, fk

ga, g1
+ Br, gs, Frz

([5ul K)
(m|5cH*u|K)

(0]57"u| K)
(pluyt+Pdin)
(plud|n)

# Callan-Treiman theorem:

fo(¢? =mik —m2) =

frk 1

Fe 20 TAer

M. Gonzalez-Alonso
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EFT fit of d(s)—ulv

[MGA & Martin Camalich, 1605.07114]

- o= - ~ ~
Ackm = 1=V = V5P = Vg1
0.97451 4 0.00038 Yy~ . .. G
0.22408 + 0~000§7/;‘)\>¢- = 19(ef +ef) +0.1(eff +€k) — 2G—F
1025 = —(1.2+84)-107*
1.9+38 -2 - _—
40+78 —6
3 13417 Al -2
= 04421 X100 5
—0.7+£43 -3
0.1+£5.0 -2
-39+49 —4
0.5+5.2 -3
14+13 -3
el = (0.1+£0.8) x 1073,
€F = (-1.6+3.3) x 1073,
[at pu=2 GeV,
se __ —2 1.0. 0. 0.01 0.01 0. 0. 0. 0. 0. 0. 0.82
l €r = (O‘Qi 1'8) x 10 ) MS-bar scheme] — 1. -012 0. 0. 0. 004 004 0. —026 0. 0.
B — = - & 0 0 0 0 003 0 0 072 0
eg . - - - 1. 0.9995 —0.87 0.09 0.09 0. 0.04 0. 0.01
(+ QCD quantities!) E S~ L osom om0 ook o oo
D F B - - - - 1L 0o o 0o o o0 o
Z HL = - - - - — 1. 09993 —0.98 —0.01 0. 0.
L W_ "‘ o - - - - - - 1L —098 —001 0.02 0.
EFNHT SN o _ _ — - - 1. 0. 0. 0.
5o / - - - - - - L0 o
VjD=<1+elLN+eg——F> Vup - ooooone
GF - = — — = - - - - - 1.




EFT fit of d(s)—ulv

= = _ -= E—

[MGA & Martin Camalich, 1605.07114]

Y [Errors are the result of
€
Vid 8'3;13; i 8'88823 exp + helicity enhancements +
sp " se ' ’ + hadronic uncertainties (HC2NP)!]
€ — € 1.0+25
ede — et 4 24P 1.9+3.8
eds 40+738
d -1.3+1.7
o - 0.4+2.1 x 10"
€p —U. . .
et ~0.7+4.3 \AA
E;l 0.1£5.0 D U " Sdn ]
e _3.9449 <p| Y | > (gA ')
et 0.5+5.2
ede 1.4+1.3

el = (0.1+£0.8) x 1073,

€ = (-1.6%£3.3) x 1073,
[at pu=2 GeV,

0.01 0.01 0. 0. 0.
MS-bar scheme]

0. 0.
—0.12 0. 0. 0. 0.04 004 0.
1 0. 0. 0. 003 0. 0. 072 0.
- 0.
= 0.

i e = (0.9+1.8) x 1072,

[

R 0.
eg . I 1. 0.9995 —0.87 0.09 0.09 0.04 0. 0.01
(+ QCD quan*lt‘es‘) DEF - 1. —0.87 0.09 0.09 0.04 0. 0.01
P - - 1. 0. 0. 0. 0. 0. 0.
Z HL L
AR - - 1L —0.08 —0.01 0.02
EFHTS

- - - 1. 09993 —0.98 —0.01 0.

Vi = (1-&-6?‘4—52——55}7) Vup T
F

0.

0.

- 1. 0. 0. 0.
- - 1. 0.
- 0.

- 1

[




EFT fit of d(s)—ulv

[MGA & Martin Camalich, 1605.07114]

0.230

L — {—2(6% —ed) — fL—: (eﬁf - edeﬂ

0.225
cf>§ 3 Kes

0220 e » |
‘I‘ e |2/ _de d 2/ _se s 6GF\
> P = | Ackm = 2|Vyl* (€7 + €r) + 2|Vus|“ (€7 + €x) — 2 Gp |
& i " 4
02105.94 0.95 0.96 0.97 l 0.98 0.99
Ve

M. Gonzalez-Alonso

~ oG
Vi = (14 e+ R = 50 ) Vi
F
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fi /1,

EFT fit of d(s)—ulv

[MGA & Martin Camalich, 1605.07114]

# Usual analysis*

1

{

( | [ 0.97416(21) (1. 003
) " Losaasaeny ) " 77\ - 1

|y Aciy = —(4.6£5.2) x 1074

N - -
SMlimit [Vl = 0.97432(12)
or equivalently
[ |[Vas| = 0.2252(5)
Latice I
120 (+ QCD quantitiesl)
Iamngp & frs 155.62(44)MeV
1190 (SMfit) 8 - fre/fer | = 1.1936(30)  p=
f’/ I £+(0) 0.9632(23)
1.18F Exp d
(SM fit)

1.17¢%

0.955 0.960 0.965 0.970 0.975
£.(0)

U(3)% symmetry

@
S 0.228 |-
>

0.226 -

{
fit -’I unitarity
0.224 |

Vis (Kig)
S,
0.222 Flavi s
l7et%ﬁ \Z .
0.972 0.974 0.976
vlld
1. 0.80 0.60
— 1. 0.60
- - L

* with some minor improvements:
['(Ky2) & CT theorem implemented.



Future bounds from {3 decay

Neutron

LANSCE (Los Alamos), ILL (Grenoble), J-PARC (Tokai), PNPI (Gatchina), FRM-II (Munich), SNS (Oak Ridge),
NIST (Gaithersburg), PSI (Villigen), ...

Nuclei

NSCL (°He, ?F), TRIUMF (3K, ’K), CERN (*?4r), GANIL (**4r, °He), PSI (®Li), Louvain-la-Neuve (1*O0/!°C,
114In, 90Co), Groningen (*"Al/°K), Oak Ridge (°He), Seattle (*He), Princeton ("°Ne), ...

dr'(J) pe J Me
dE.d0.d, Ag 7T B+bs

Pe * Pv
§(E) {Ha E.J EE, 7

Me\ Py J
E.E,

b=#gges+#grer

Clean powerful tree- O0bn ~ 0.001
level probes!

08 T

(pludin) = g
<p|ﬁ0uvd|n>_ gT

wW
I‘ll(‘:1 oW them

M. Gonzalez-Alonso SMEFT: flavor vs LHC




Future bounds from 3 decay ,_,,

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

gs gr ; 3¢ /851~ 15-20% '

ggt#grer

How well do we know g¢ and g,?

Adler et al.’1975 0.60(40) 1.45(85)
(auark model)
PNDME 2011 0.80(40) 1.05(35) - 0018
[average]
+2.5 20% 13%
+5.0 10% 7% N
& 0.005

0.000 -

-0.005
-0.0004 -0.0002 0.0000  0.0002  0.0004  0.0006

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




Future bounds from  decay

How well do we know g¢ and g,?

Adler et al.’1975 0.60(40)

(auark model)

PNDME 2011 0.80(40)
LHPC 2012 1.08(32)
ROCD 2014 1.02(35)

PNDME 2013/15 0.72(32)

ETMC 2015 1.21(42)

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

8g 1/8s.~ 1520%

1.45(85)
1.05(35)
1.04(02)
1.01(02)

< 1,02(08)‘ ’ "We quantify all syst. errors, including
for the Ist time a simultaneous

1.03(06) extrapolation in a, V & m,”

PS: gT pheno det are also possible. Active field, with more data in the near future...

[Gao et al., EPJ Plus 126 (2011),

gr = / (R (z) — h{(z)) dz Goldstein et al, arXiv:1401.0433,

Courtoy, Baessler, MGA, Liuti, PRL 115 (2015)]



Future bounds from  decay

How well do we know g¢ and g,?

Adler et al.’1975 0.60(40)

(auark model)

PNDME 2011 0.80(40)
LHPC 2012 1.08(32)
RQCD 2014 1.02(35)

PNDME 2013/15 0.72(32)
ETMC 2015 1.21(42)
CcvC

< 1.02(11)")

PNDME’2016 [1606.07049]

g5 =0.97(13)
gr = 0.987(55)

1.45(85)
1.05(35)
1.04(02)
1.01(02)
1.02(08)

1.03(06)

—

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

88, 1/85,r~ 1520% | of

)

®

e

T Not trivial!

wiemz

NPLQCDO7
F——8—— acosF.ukaco 12|

Not the case in
rad. pion decays,
SL hyperon decays,

=
e

STY-PACS 12
AM123'13
BMW13

I L

05 1 1

5 2
(MM

25 5 a5
baco MeV]

4 45

Oy (ay!d) = —i(mgq — my)ad

Useful connection
between two different
Lattice efforts!

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



Future bounds from 3 decay

= . = = e
'« CVC used routinely to relate V & S FF in many other processes AMy
(e.g. meson decays, EDMs, ...), but overlooked here; 2 F
« It’s taking too long to be “digested” by the lattice community: 1 o 0D
| > otal
« Lattice coll. working on ma-mp have not use it yet (?) i (1)
- (Some) lattice coll. calculating gs do not even quote gs¥%(?!) - 9L
« Used for the first time in [PNDME, 1606.07049]! -3t BMW13]
LHPC 2012 1.08(32) 1.04(02) —— w2
ROCD 2014 1.02(35) 1.01(02) ey omeen |
——-8——  AMz313
| BMW'13
PNDME 2013/15 0.72(32) 1.02(08) N S
05 1 15 (M:—MD)ZSD [N:I’eV] 35 4 45
ETMC 2015 1.21(42) 1.03(06)

O (und) = —i(mq — my)ad

Useful connection
between two different
Lattice efforts!

CVC < 1.02(115‘ > <:

PNDME’2016 [1606.07049]

g5 =0.97(13) ..‘-uw My = 2.28(27) MeV
gr=0.987(55) (2nd best det. ever)

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




Future bounds from {3 decay HCNP

Tenerife 2016

0.010 : / ' Q010 T
Oct’2011 Now
0.005 0.005
<0000 — £ 0000 -
=4 a (-1 o
S =
v v
~0.005 S ~0.005 5—
5 : |
-0010 T P, -0.010 b" | P )
—-0.003 -0.002 -0001 0000 0001 0002 0.003 —-0.003 -0.002 -0.001 0000 0001 0002 0.003
Re(er) 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,, ~2TeV

i
NP




Connection with

High Energy Physics:

( -
Ve 0.97451 % 0.00038 0
Ve, 0.22408 + 0.00087 0
AL 11+£32 _3
Afp 19+38 9
53 10+£78 6
| _ —13+17 | 2
b4 —0.4+21 5
B3 —0.7£43 3
&k 0.1£5.0 2
' —39+49 4
= 05452 _3
& 14413 3
[at u=2 GeV,

MS-bar scheme]

C B| oms Experimentat Lic, CeRN
Data recorded: Wed Sep 21 11:35:51
Run/Event: 176841/ 213192769
§| Lumi section: 189
OrbitCrossing: 49420229 / 1640

M. Gonzalez-Alonso
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Connection with HEP

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

[Buchmiiller-Wyler’1986,

. Leung et al. 1986,

Grzadkowski et al’2010]

1
Ler. = Lsu+-5 a0

A g = f (Ot j)
[Cirigliano, MGA, Jenkins 2010,
Cirigliano, MGA, Graesser’2012]

4GV [ _
Loty = — \% L Oy - wydy + Y ey 60w - alds
poT

M. Gonzalez-Alonso EFT analyses of BSM searches




Connection with HEP

del
# Running + Matching with HEP Model/EFT: dlecfgﬂi = <%'}/ew + %%) ép),

0Gp ) ~(3)
=2 [0‘ ]11+22 = [ 1221 = 2[&y ]112271(1221) »

Gr
Vi GL 20 [ S)] +2 [V&Sg] 1 2 [Vo{m] o1
Vi - 512 = [‘f’w]u )
Vij+ Eﬁi =—d& ][[]17
Vij - ng‘ - [Vdjld"] w1y’ 1)2
i VlJ'Eé“sz[A?q];zjl ’ a:aP
o - ) Opp = i(pTeD ) (wy*d) + h.c.

08) =i(¢' Do) [@yuoq) +h.c.
>"“‘v""< >V\“V\IO< O =i(¢ D#o"0) (Iru0®) +hec.
0, =i(pTeD,p) (7" e) + hoc.
Of) = (1 o"1)(@vu0q)
Ogae = (le)(dg) + h.c.
Oy = (Ta€)e™ (qyu) + hec.
Ol = (lao"" ) (@0,u) + hic.

M. Gonzalez-Alonso EFT analyses of BSM searches




Connection with HEP

# Running + Matching with HEP Model/EFT:

“i(p' D" o) (77,0%q)

oG
< CTFF _9 [dgz)]mﬂ — & 1201 — 2[5[1(?)]1122%(1221) 3 w
0 NE) A A
Vij el =21 [Ozfol)]u +2 [Vagz)]u -2 [Va;q)]m ; ><
(V-A) x (V-A) (Ir*o ) (@yuoa)

2

A v

d=am

Interferes with SM cross-sections at LEP1 & LEP2

Cirigliano, MGA & Jenkins, NPB830 (2010):
U(3)° symmetry: CKM unitarity test vs LEP

o4y (x 109
b b o n =

T T
':LEP+EWPTI—0—I

\S,
| FaviA | &




Connection with HEP

# Running + Matching with HEP Model/EFT:

A\

d A
(V-A) x (V+A) i(pTeD,p)(ary*d)

Their intetference with the SM goes like m/E...

S,P, T

2 4 .2
m V=58 N v, S8
o~ osMm (1+ —ﬁ%} +a§@)
O(1) for LEP, but large for the LHC.

EFT analyses of LHC data requires 2 extra assumptions:
- (D=8) << (D=6)*
- NP scale is larger than LHC scales;

Lojs.(2) = Lsm(z) + %L‘G(x) +

S

A4£3(.’E) +...



ILHC limits on Es

. SM background NP (EFT)

— w
+ R.C.| +
[Bhattacharya et al’2012,

* To suppress the bkg, we look for (e+v)-events with high my: 000, 1164, Graesser 2012

2 2 2 2 2 2
NPP_,M(mT >me) =€ex L xapp__wx(mT >m”u,) =ex L x (0W+os £ + O sT)

( Interference w/ SM ~ m/E )

¢MS\s|= 7 TeV| oo

—wow

Ldt=5.0fb" ==w_u 3
B oiosons 3
W ev = e -

E——
= vt
e

o ou
— Wm23Ten)

overflow bin

I~
500 1000 1500 2000 2500

M [GeV]




ILHC limits on Es

. SM background NP (EFT)

w
- + R.C.| +

. . Bhattacharya et al’2012,
* To suppress the bkg, we look for (e+v)-events with high m: C,-,,,-é,m,w, MGA, Graesser 2012]

N

2 2 2 2 2 2
PP_,WX(mT >me) =¢ex L xo (mT >m”u,) =ex L x (0W+os £ + O sT)

pp—>evX

[MGA & Naviliat-Cuncic, 2013]

¢MS\s|= 7 TeV| EEvoe ‘ —% 0.02F
Ldt=501b" =u.o 3 o
I I obosons LHC7, 5 fb~!
Woev = ] 0.01F
fp—— El ... LHC8X0fb!
B et 3 --..,"
= LKC14, 54 fbo!
. -0.01}
1t
H

= .02t
500 1000 1500 2000 2500 —-0.004 -0.002 0.000 0.002 0.004
M; [GeV] tlerl



ILHC limits on Es

. SM background NP (EFT)

w
- + R.C.| +

. . Bhattacharya et al’2012,
* To suppress the bkg, we look for (e+v)-events with high m: C,-,,,-é,m,w, MGA, Graesser 2012]

N

2 2 2 2 2 2
PP_,WX(mT >me) =¢ex L xo (mT >m”u,) =ex L x (0W+os £ + O sT)

pp—>evX

[MGA & Naviliat-Cuncic, 2013]

¢MS\s|= 7 TeV| EEvoe ‘ —% 0.02F
Ldt=501b" =u.o 3 o
“' B oibosons § LHC7, 5 fb~!
W ey = ] 0.01}
B ovos E LHC8R0 fb!
= 3
3 +H
3 ™ Beta decays
. ~0.01}
it
:

= .02t
500 1000 1500 2000 2500 —-0.004 -0.002 0.000 0.002 0.004
M; [GeV] tlerl



Of course, the
interplay is more
interesting once we
see a NP signal...

ILHC limits on eq

NS (TeV) A (TeV)
2 3 5 5 3 2
0.04T T — — O 0.04r ? f“l 5 ? (? ?
[us pv] " 5 - [us ev]
: ) 12
structure \
\ structure
\
0.02 \ 0.021
\
_________ LHC .18 LHC 13
T -~ | -
Pt LT < PP N it DT - —
“ K ~‘¥:5 S , K. S~ 15 <
3 0.00— w q £ % o0& i SN S
N \, 1 5 Fyd .o s 15 8+
N A3 < RREu I F— - <
‘\“‘ ____________________ - II
. /13 13
-0.02} Sl / -0.02}
______ N In 1
. Hyperon decays 0.04
~0.04} ) ) ‘ ‘ -0.04L ., . . .
2004 502 000 0.02 0.04 -0.04 -0.02 O.(S'JeO 0.02 0.04
€
e s
oLd data!
Rre F(Bl — Bo i~ 17#)

T T(By— Bae 1)

[Chang, MGA & Martin Camalich,
Phys. Rev. Lett. 114 (2015)] D SMEFT: flavor vs LHC




Summary

# EFT as a useful tool (analysis done once and for all);
# Systematic analysis of d—ulv & s—ulv transitions.
# (1-500) TeV probes;
# Thanks to great control of HC2NP
(but not always!)

# Interplay with LHC searches (with heavy mediators);

# Much more interesting once a NP signal is found.

Re(es)

0.02
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(future)
001
nuclei
HC
0.00
-0.01
ion
-0.02 AR °
-0.004 -0.002 0.000 0002 0.004
Re(er)
=
v 0.97451 + 000038 0
Ve, 0.22408 + 0.00087 0
A3 11432 -3
Adp 19438 -2
e 10£78 -6
G| _ —13+ 17 con| 72
e —04+21 -5
et —0.7+43 -3
& 01£50 -2
o 39449 —1
53 05+52 -3
e 14+13 -3
— - —/
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Our 1input
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Vouk
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Our input: Kiz (i KsK—nev, mp) s

Measured in p decay Ph It
————
ase-space In

j G2 NG N%4 2 1
M(Kaw) = 7oz G G S | V41, (02 Tevron 8 o) (140°+02)" |

|
[ (1+ffe+efq—\7L) VsSM

Rad. and isosp. corr.

#» Reminder (SM): Total
Kin i Hadronic FF £
ematic adronic :
PS integrals »
=P [ opesog ) = &

# Correlations! (between channels & between slopes)
Nicely done by Flavianet (Antonelli et al.’2010);

# In a general BSM setup:
# S & T from kinematic distributions (QCD slopes too!) %ﬂm

# Interference goes ~m1/E => K effects ~ lesT?
+ Total rates — {V5, , VA} = {V¢, , — €3¢
# General BSM fit not done by the collaborations;
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.
Our input: Kiz (i KsK—nev, mp) s

# K3 kinematic distributions: :z
2
2 2 sp q 2\ _sp 5000
{f+(q2),f0(q2)} [ {f+(11 )> fo(g*) (1 +ed e =) mu)) , Br(q®) e7 } -
# Scalar interactions hidden in the SM scalar FF! Example: m: .
2 ’ qz 1., ‘IZ 2
Foo@) = 120 (14Xt + ¥ () ‘
B " ¢ exp

P} e {rg

[ISTRA+"2004]
Callan-Treiman Th.
gives us its QCD value!

7.(0), fic/f and xPT

[Bernard et al.’06, ’09; FLAG’13; Gasser
& Leutwyler’84; Bijnens & Ghorbani’07;] -

(= () |y ul KO () ~ (P“—%q") o) + ol

(r7|5ulK°) ~  fold®),
| I NTINY
(™ |50 u|K®) = iMBT(qZ)

mgo




F .
Our input: Kiz (i KsK—nev, mp) e

# K3 kinematic distributions:
2

{f+(q2),fo(q2)} — {f+(q2),fo(q2> (1 +e§“m> ,BT(q2>eST“}

% Scalar interactions hidden in the SM scalar FF!
Examples:

{A+,A'+,1ogc} o {

fK 1 8000
CQCD = — —O + ACT 5000
T f + ( ) 4000
The K3 fits 2000
Y
Atsho Mg Sfr/f+0), fs/f+(0) [y S A
0.0277 £0.0013 0. 0.
0.0183 +0.0011 o. 0.
0.0215 + 0.0060 0.0010 +0.0010 0. aib .
0.0160 +0.0021 o. 0. 5000 y
0.0216 00013 0.001063 0. 7000
0.0163 0.0011 0. 0. 5000
0.0276 4 0.0014 0. 0. 500
0.0170 +0.0059 0.0002 +0.0008 0. 4000
3000
0.0276 +0.0014 0. —0.0007 +0.0071 2000
00183 £0.0011 0. 0. oo [ISTRA+2004]
0.0277 £0.0013 0. 0. O3 000708
0.017 0. 0.0017 +0.0014




EFT fit of d(s)—ulv

[MGA & Martin Camalich, 1605.07114]

Ve 0.97451 % 0.00038 0 Vip = (L+ei®+ e =) Vup
9745 .
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se _ -2
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1

(+ QED quantities!) S - - -




EFT fit of d(s)—ulv

# Usual analysis

[MGA & Martin Camalich, 1605.07114]

wa | _ [ 0.97416(21) [ 1003 ‘ U(3)5 symmetry
s 0.22484(64) L ‘ e

| ey Aciy = —(4.6£5.2) x 1074

1

{

. 2 -
Analysis Vs Data Form Factors K,9(y) and CTT > 0.228 v, (0" > 0"
This work 0.22484(64) 2014 [43] 2013 [5] yes )
v N
Moulson'2014 [43] 0.2248(7) 2014 [43] 2013 [5] 1o 0.226 |
(our code) 0.2248(7) | +fitwith
fit— | unitarity
FLAG2013 [5]  0.2247(7) 2010 [2] 2013 [3] 1o ozza b !
(our code) 0.2245(7) Vis (Kig)
c
Flavianet’2010 [2] 0.2253(9) 2010 [2 2010 [2 no \2
21 02253(9) 2010 ] 2l el FruA 1 &
(our code) 0.2254(9) net “Raonwa Z
0.972 0.974 0.976
V,

r (Ku2) ~ Vuzs.f?(

soa_ 9 oy _Jk 1
| @ =) = A
. y e
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Neutron 3 decay bSM < *‘“

(Wl 4+l -1=0.1206- 10" | 94 = plavaysdin)

After hadronization and at O(g) ... K

Ly spe-p, = _\/iGFVud(l + |:éL’YuVL 'ﬁ(’Y“ - ”’75>n

+ gs@ﬁz% -pn -+ 2g7@éRG#VVL ﬁff“"nL]
)

S and T affect the angular distributions and the spectrum
SM analysis not valid;
New Form factors;

~\

PS:
SM prediction very clean (backup slide),
thanks to SU(2) + ¢/M <<1




Form factors in 3 decay (SM)

Weinber: g ’58: Related to M,=M, (up to isospin breaking corr.)

(J

(p(Pp)| ﬂ')’ud | n( n)) = ﬂp(pp) 'Yﬂ +U;wqy + %ﬂ]“n@n)

gV(O):l Ademollo-Gatto’64)
_ _ N ma() - R
Pp) @sd | n(pn)) = Tp(pp) w B T
g,(0) 22?
+R.C. i _ 10—3
2 [Marciano & Sirlin, 1986]
arciano & Sirlin,
[Czarnecki et al., 2004] Oth = Oth (GFVud ’gA )
[Ando et al., 2004]
[Marciano & Sirlin, 2006] 50, ~ 107* =101

EFT analyses of BSM searches



g. & the nucleon splitting

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

Oy (uHd) = —i(mg — my,)ud

Isospin splitting in the nucleon

(M, -M,) =12933322(4) MeV

exp

M, -M, = (M, —MP)QCD +(Mm, —MP)QED

1t turns out lattice-QCD is being
. calculating this recently!!!!
Useful connection between two AMy

different Lattice efforts! 2 L =
1 L +

N Total QCD

Z 0

S (3 QED
Well known, used in many other processes, v 9 -e-xp
e.g. EDMs or K—mev... =T T

t , —3 F [BMIP13]]

Jolt) = Folt) + g f-(t) TS AT et o os,

me — m:
K ™ Engel et al’2013, ... ]



Resuscitating the pseudoscalar interaction

[MGA & Martin Camalich,

Likewise... Phys. Rev. Lett. 112 (2014)]

M, +M,
—g, =348(11)
m,+m,

Oy (" vysd) = i(ma + my)uysd - gp =

Implications? It almost compensates the bilinear suppression!

p P bilinear ~ ¢/M ~10-3; _ o
4 (p(pp) 175l (pn)) = 9 (4T (p)7510n (2D

“since the nucleons are treated
nonrelativistically, the pseudoscalar
couplings are omitted”

Message: [Jackson, Treiman & Wyld, 1957]

the same f decay experiments that set bounds
on S & T, are almost as sensitive to P!

But... the bounds on &, from pion decays are much stronger!!!

R = l'(n —>eV) SR:M(I_ﬂepJ
m,

)




Scalar resonance

Events

p  What if we see a bump? EFT breaks down...
TOY model: scalar resonance:

,C = )\SVud¢+Hd + /\l¢_€PLVe

p Then we have a lower-limit value for :

V| m L(T) = [Mdaf,(2)f(r/z) ]z
BR < |122| T leirL(r) (7) = [} dafy@)fy(r/2)/
0?2/
< T=m?/s
v

0.020 - ' ' ' €5 = 2 s\—

0010} | —o=n / m?2

0.005] === g;)sﬂu /,—’/

0.002 ’_,,x": ......... | Nice interplay of two

Y experiments separated for so

Sx107p e e ] many orders of magnitudes!!!!
2% 104 ’ ............
DA™ e 26 28 30

[T. Battacharya et al., 2012]
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CKM tests vs. LEP

Simple limit: U(3)> sym

I e\ (q,\ (u\ (d
Lblwls| gl els]s
L)\t )lqg )\t)\b
U3),x UG),x UG), x UB),x UG),
All NP effects vanish except one
2 (e |2 i7e |2
Ackm = 1=Vl = Vi — Vi
= 26L — 2’UL
2 A —(4.6 £5.2) x 10~
v . .

‘ 9 ( ®) 1o —al® 4+ a(s)) i ckm = —( )
N ; A,y >11TeV

>2 0.228 |- V,, 0" > 0%

0226 vV w2 How does it compare with LEP & LHC bounds?

’ : [Cirigliano, MGA, Jenkins’2010]

m—>| ::m:,'.‘.y [Cirigliano, MGA, Graesser’2012]
0.224 |-
Vs (Kig)
5,
0.222 aVI ﬁ;
net Teonwa \Z
0972 0.974 0976
V,

Flavor sym. considerations make
CKM unitarity test special wrt
the other NP searches in d—uev
ud
M. Gonzalez-Alonso
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CKM tests vs. LEP

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

3) (3) ~(3) 3)
A= (—Ot Oy, — Oy, +d; )

—(4.6£5.2) x 1074

1 - _
O = 5(1n"a" 1) (Iy,0"1)

= (iy"o"1) (qyuo >

_0”) ~0) _

I\

:z(hTD"a ©)(17,0°1) +h.c.,
0( =i(¢' D o) (@u0q) +h.c.

What did we know about them from
LEP and other EWPT?

(Han & Skiba, PRD71, 2005)

LHC not competitive either
[Cirigliano, MGA, Graesser’2012]

al¥ (x 10% o (x 10% o (x 10%)
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