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# Intro & motivation; oosp———— 35 538 2
" 12
# EFT analysis of d—ulv, s—ulv; 002
# BSM fit;
L. 3y 000
# SM limit;
-0.02} : . g
# Comparison with LHC; \Q;,;;}}[Je‘;ays b
-0.041
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e

# Summary;

[Talk mainly based on: MGA & Martin Camalich, 1605.07114]
but also... Cirigliano, MGA & Jenkins, NPB830 (2010)

Bhattacharya et al., PRD85 (2012)

Cirigliano, MGA & Graesser, JHEP1302 (2013)

MGA & Martin Camalich, PRL112 (2014)

Chang, MGA & Martin Camalich, PRL114 (2015)
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Intro & motivation

V,q (0" - 0%)
0.226

\ QN ud 0(“2\

- \ fit with
fit—  unitarity
0.224

owhat are we really probing here?
ois it competitive (vs LEP & LHC)?
Vus (Kig)
0222} F IaﬂA

OK, SM Looks greal, but...

¢!
. 3
nelt Kaon WG 'E .
0.972 0.974 0.976
Vud
oif I am interested in a model
how can I use this analysis?
> An EFT analysis can help!
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The EFT framework (EFT = Fias + symmercics )

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

g
Gp =
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Intro & motivation

Goal:
to analyze (semi)leptonic K data within a model-indep. EFT setup so that...
# we can identify the (combinations of) WC probed by each measurement;

# the interplay with other processes can be analyzed; QCD input!!!
(e.g. hyperon decays, LHC searches) /@

+ the results can be applied to any given model later:

(#)
«
(% = fi(gnp, MNPD (Correlated)

bounds on the
EFT Wilson
Coefficients &

Data

+ Efficiency:
The analysis (bkg, PDFs, FF, simulations, ...) is done once and for all!

# Useful especially if... RGE!
# Global analysis (all operators present simultaneously); )

# Avoid additional assumptions (flavor symmetries, strong couplings, ...).

Matching with
# Valid also if NP is found. a specific
model (or a
HEP EFT)

M. Gonzilez-Alonso EFT analysis of SL kaon decays




Low-E EFT

>V\v/vvv<
# All we can have:
* Vud,Vus+ 5 Wilson Coefficients / channel;
(Q—)ueﬁe = _\/iGFVud

~ -

(1 + EL) éL‘}’#I/L . ft’)’“(l - 'ys)d+ €R éL’)’#I/L . ’l_l.’y“(l + ’Y5)d

+ €5 épur -ud — €p Epvy - Wysd+ 2 €7 EROLLVL ~ﬂa"“’dL:|

# Matching with the HEP EFT removes 2 parameters: €r is lepton independent;

# This parametrizes any heavy NP!
(W’, LQ, 2HDM, SUSY, ..)

@ee what data tells us @‘

- eLvuvr - urY"dr i(p" eDyp) (artd)
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Our 1input

# CP-cons observables;

. .
Each process deserves a whole talk: NAJS, KToV, KLOE, ¥
*' BNL-E865, ISTRA+, ...

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

* K—ev, pv
T—ev, v A 21776 |2 §2
W Gh|Vup|® B+ 2
Fpn(,y) = 87r mp+ me
Convenient ratios:

» K—ev/K—-puv

6P[) [Marciano-Sirlin’93,
em Cirigliano-Rosell’07, ...]

2m?,.
X _4€D_7P€Dl>
( R mg (mp + my,) P

x(1+

- eV / T—pv

9
* a—pv/ K—-pv
* +K—-puv

R fe e =

- 0G

Vi = (1 +eP el - _('F> Vup
B
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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!)
# 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

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
¥ Q2 S 8000

{f+(qz),fo(q2)} =l {f+(q2)7f0(q2) (1 + es“m) , Br(g?) ET”} -

# Scalar interactions hidden in the SM scalar FF! 2000

[ISTRA+2004]

o . L | ,
04 0508 07 08 09
Y=2B,/My

(= () |y ul KO () ~ (P“—%q") o) + ol

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




.
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




.
Our input: Kiz (i KsK—nev, mp) s

# K3 kinematic distributions: o

10000

{f+(q2>,fu(q2)} =l {f+(q2),fg(q2) (1 + g;%) ,Br(@) ESTM} som

Mg — My, 8000

# Scalar interactions hidden in the SM scalar FF! Example: -

2
Feol@) = 10 (14000 4 100 (5) +
+0 + +,0mgr 97+,0 m12r

€ exp
’ ’ ! sp
{ +,)\0} - {M \,BT(O)ET}
) sy [ISTRA+"2004]
Callan-Treiman Th. Ns [TeV]
giVCS us its QCD value! b 10 15 « 15 T? 5 05 06 07 08 Y:::MK
T N
.(0), fx /f and xPT
—_—— KLOE
[Bernard et al.’06, ’09; FLAG’13; Gasser i
& Leutwyler'84; Bijnens & Ghorbani’07;] i - KTeV
g ISTRA+
w
| | NA48/2
-0006  -0.004  -0.002 0000 0002 0.004 0.006

S|
ed




Our 1input

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

# Neutron decay — g% = (1—2¢0) 01wl (p(1,)| @775 | 7(pn))
# Hyperon decays — ¢ = (1 —2¢},) 1

# Radiative pion decay — Frrer .. f S —
T —>evy H

A=(E/m )sin’(©,_ /2)

M. Gonzalez-Alonso EFT analysis of SL kaon decays




Our 1input

# Theory: ol ]
# Radiative & isospin-breaking corrections; ol ]
E.g. ROM =1.2352(1) x 1074 o [Crigliano et al, 2008 F ]
RSM = 2.477(1) x 107° ’
K ( ) N _rmG2013 fi/fx
[Cirigliano & Rosell, 2007] (ﬂ-| §7MU|K> :
bl

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

#» Form factors:
* £(0), f/fn, fk
ga, g1

Ne=241

(0[37"ul K)
(play*~ySdjn)

RECURACH oA

Biio

{a€orTwoco 03 o e oo
e tax

MILC 03

i 08

ML 0s 0an

RBCUKGCD 08

HESCORKACD 07

NPLGCD 06

Miicos

+ Br, gs, Frx

our estmte for =1
AL

(p|ud|n) z c Bl
114 118 122 126
# Callan-Treiman theorem:
A [Tev]
_ fK 1 5 10 15« 15 10
fold® = mk —m3) = = —— + Acr ]
T f ™ f + (0) i ‘ ; KLOE
i KTeV
’§ ISTRA+
w
NA48/2
T R 1T R 1R T
e
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Our output

- - -
- Vip = (L+ef®+eR—1) Va
Ve, 0.97451  0.00038 0 o = (HetteR -tV
| Ackm = L.9(eF° +€k) +0.1(eF° + €) — 20,
<] Ve 0.22408 = 0.00087 T = D, — e
AS 11£32 -3 [ Al = eyt
Ad, 19438 ) e
ede 40£78 -6
e‘}; —18+17 100 -2 Ackm = 1- |V1fd|2 - |st|2 - |Vfb|2
= x _ —4
a —04%21 -5 = (12284 x10 !
3 —0.7+43 -3 —_—
&, 01450 -2
et 30449 —4
E;“ 0'5 :t 52 _3 1. 0. 0. 0.01 0.01 0. 0. 0. 0. 0. 0. 082
ege 1.4 :t 13 _3 - 1. -0.12 0. 0. 0. 0.04 0.04 0. —0.26 0. 0.
- - 1 0. 0. 0. 0. 0.03 0. 0. 072 0.
- - - 1. 0.9995 —0.87 0.09 0.09 0. 0.04 0. 0.01
- - - - 1. —0.87 0.09 0.09 0. 0.04 0. 0.01
eg‘e — (01 :t 08) X 1073’ - - - - 1. 0. 0. 0. 0. 0. 0.
r= - = - - - 1. 0.9993 —0.98 —0.01 O. 0.
€ = (-1.6£3.3) x 1073Y - - - - - - L 098 —0.01 002 0.
[at p=2 GeV, -- - - - - - - .0 0 o0
se __ —2
s = 0.0+ 1.8) x 1072, MS-bar schene] o o oo 0
s - 0.
1.

0.
1

(+ Qcd quantities!) e - o -




Our output

- - -
e 0.97451 + 0.00038 0 Vio = (1+e2°+eR —o1) Vup
. D .
v Ackm = L19(e +€b) +0.1(e5° + ) — 20y,
Ve 0.22408 = 0.00087 0 s sm_ se
us f L EL EL
s 1.1+£32 -3 | Alp = efe— e ol
Al 19+38 -2 )
ol G5 40+78 —6 ) )
B L — AP = tv) ~ mpuy,ysv + Moop wysvep
e —1.3+1.7 o] 2 Iy 2
| = 2 2 QCD
1= —04+21 = = | Mo mP ~ (” me ”’) !
et —0.7+4.3 -3 —
€ 0.1+5.0 -2
e —3.94+49 -4
sp
ET 05 i 52 _3 1. 0. 0. 0.01 0.01 0. 0. 0. 0. 0. 0. 082
vae 14:t 13 _3 - 1. -0.12 0. 0. 0. 0.04 0.04 0. —0.26 0. 0.
- - 1 0. 0. 0. 0. 0.03 0. 0. 072 0.
- - - 1. 0.9995 —0.87 0.09 0.09 0. 0.04 0. 0.01
- - - 1. —0.87 0.09 0.09 0. 0.04 0. 0.01
S%E — (01 :t 08) X 1073’ _ - - - - 1. 0. 0. 0. 0. 0. 0.
P - = - - - 1. 0.9993 —0.98 —0.01 O. 0.
€ = (-1.6£3.3) x 1073Y - - - - - - L 098 —0.01 002 0.
[at p=2 GeV, -- - - - - - - .0 0 o0
se __ —2
e = (0.9 1.8) x 1072, MS-bar schene] o _ N
~—— — 0.
1.

- - - - 1. 0.
1

(+ QCD quantities!) D




Vud - Vs plot

# We can answer now the question of the first slide...

0.230

0.220 &

& |

& H

21 :
021754 0.95 0.96 0.97

Me

BN ey

P~ €p

|

M. Gonzalez-Alonso

) ' 5G
—p [ACKM =2V (eff + €8) + 2Vas (€5 + €k) — ,30r ]

R

r

0.98 0.99

Q%:(LHW+£7

Gp '

5Gp
— | Vi
Gy,
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Our output

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

| ey Aciy = —(4.6£5.2) x 1074

# Usual analysis

1

d

. 2 -
Analysis Vs Data Form Factors Ky(,) and CTT > 0.228 v, (0" > 0"
This work 0.22484(64) 2014 [43] 2013 [5] yes )
W

Moulson'2014 [43] 0.2248(7) 2014 [43] 2013 [5] 1o 0.226 |

(our code) 0.2248(7)

fit —»[ unitarity
no 0.224 |-

(our code) 0.2245(7)

(
(
(
FLAG'2013 [5]  0.2247(7) 2010 [2] 2013 [5]
(
(
(

Vs (Kig)
<
Flavianet'2010 [2] 0.2253(9) 2010 [2 2010 [2 no \2:
? k . . 0222 mvi A B,
(our code) 0.2254(9) net “aonwo Z
0.972 0.974 0.976
V,

T (Ku2) ~ Vi f&
_ 1
fol@® =mi —m32) = Ix_1_ + Act

f fx f4(0) EFT analysis of SL kaon decays
. . —




Our output

# Usual analysis
| [ 0.97416(21) (1003
“o2asaeny ) T\ - 1

us

| ey Aciy = —(4.6£5.2) x 1074

1

d

N .
SM limit 'r|1/;‘d|=o.97432(12) or equivalently |V§,s|=0.2252(5)J
(+ QCD quantities!) T e |
frce 155.62(44)MeV 1. 0.80 0.60 120
frs/far | = 1.1936(30) s p=| - 1 060 i , 5
£(0) 0.9632(23) - - L §:1~19* La(“slmim 8
N
118  Exp
(SM fit)
1.17¢,

0.955 0.960 0.965 0.970 0.975
1.(0)




(Semi)leptonic hadron decays vs LHC:
non-standard scalar & tensor searches

% 1F
gk C i CMS Experiment at LHC, CERN
0.95 H Data recorded: Wed Sep 21 11:35:51 CEST
ﬁ . H Run/Event: 176841/ 213192769
W H Lumi section: 189
N 0.9 Orbit/Crossing: 49420229 / 1640
0.85
0.8 - 2HARd
S0ag
888!
0.75 93
07 -
0.65
0.6
0.55 b
0.5

[Yushchenko et al’2003 (K,3)]
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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
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ILHC limits on eq

. 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

N

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

pp—>evX

( Interference w/ SM ~ m/E )
Reminder: EFT counting...

A ~ ASM(1+aeA2+agA4 )
E
. O ~ OSM(1+(16A2 (a6+a8)A— )
Validity of the EFT: x=(v E)
E <<A

M. Gonzalez-Alonso EFT analysis of SL kaon decays




ILHC limits on eq

e 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

A (Tev)
197 " (8 TeV) 2 3 5 5 3 2
T T T T 0.04F T — —
cMs _SSMW s uv, WEw-eav 3§ [us pv] AN
peED M = 2000 GeV' Wt snget ] structure \ 12
__HNCCI—pyv, oy kY
A=4000 GeV Waco 4 |
DM,A=200GeV,  [HDiboson 0.02+ \
TTM=300GeV,E= 41 4 pagy 4

A syst. uncer.

N\
35 0.00

-0.02

Hyperon decays 12

500 1000 1500 2000 2500 -004k ‘ ‘ ‘
MT (Gev) -0.04 -0.02 0.00 0.02 0.04

ed




ILHC limits on Es

e SM background NP (EFT)

_— w
- + R.C.| +

old data!
* To suppress the bkg, we look for (e+v)-events with high o By = Bap- 7,)

" T(By— Bye 1)

[Chang, MGA & Martin Camalich,
Phys. Rev. Lett. 114 (2015)]

RHe

A (Tev)
197 " (8 TeV) 2 3 5 5 3 2
T T T T 0.04F T — —
cMs _SSMW s uv, WEw-eav 3§ [us pv] AN
peED M = 2000 GeV' Wt snget ] structure \ 12
__HNCCI—pyv, oy \,
A=4000 GeV Waco 4 |
DM,A=200GeV,  [HDiboson 0.02+ \
TTM=300GeV,E= 41 4 pagy 4

A syst. uncer.

N\
35 0.00

AH(Te

-0.02

Hyperon decays 12

500 1000 1500 2000 2500 -004k ‘ ‘ ‘
MT (Gev) -0.04 -0.02 0.00 0.02 0.04
ed




ILHC limits on eq

. 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,,-a,w, MGA, Graesser 2012]

2 2 2 2 2 2
NPP_,WX(mT > m”w) =€ex L xapp_,wx(mT >m”u,) =ex L x (ow +05 &5 + O sT)
AZ(TeV) AZ(TeV)
008 2 3 5 5 3 2 2 3 5 5 3 2
04 . e : 0.04F : —
[us ev] 1o [us pv] S 2
structure structure K 7
0.02 0.02} A
LHC N e 3
AT T - S Y
% 0.00 Koo S 3 000 i
Ssal TS W
________ I < .
T e
-0.02} _0.02
{2 F; e {2
lyperon decays
-0.04 _0.04

2004 -002 000 002 004
o

2004 -002 000 002 004
sy
€s



(@)

Summary % = fi(gnp, Mnp)

<

EFT as a useful tool (analysis done once and for all);

# Systematic analysis of d—ulv & s—ulv transitions.
Competitive (1-500) TeV probes.

% Flavianet-like fit?

# Results given at different scales, in the low-E & high-E EFT,
easy to use.

# It contains the SM analysis as a particular case;

3 2

Hyperon decays

N¥(Tev)

-0.04
-0.04 -0.02 0.00 0.02 0.04
e
=
Ve 0.97451  0.00038 0
Ve, 0.22408 + 0.00087 0
A3 11+32 -3
Adp 19+38 -2
e 1078 -6
4 —13£17 -2
RO - x 10"
o —04£2.1 -5
e —0.7+43 -3
& 01+50 -2
& —39+49 —4
Ea 0552 -3
ele 14£13 -3
S - -/

M. Gonzalez-Alonso
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Our 1input

Ky diff. Tl
distr. log C, Brej'
Ve !

Ky rates Ny £0
] Vi £+(0)

Rk,

P R., Rk
Ruvrkyz

B decay Ve br

RB;B:

.%Ff(l + Alyya)

\ %9
L0+ 8%,

gs\Rs,r

FeLa+afgm)

Vel (1 +AK) |

Vouk

y:‘wt' ﬂlﬂ

o
o
P

¥ et

A
A:?/;n - Ai
A
ARl
s

de
€s

-ud
Ve
AL
Afp

se




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




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




Our output

— - - -
- Ve 1+ele+eR —0.) Vi
e 0.97451 % 0.00038 0 o = (HetteR -tV
. Ackm = L.9(eF° +€k) +0.1(eF° + €) — 20,
Ve 0.22408 + 0.00087 0 s e
A L L L
s 1.1+£32 -3 | Alp = efe— e ol
Adp 19438 -2 e .
123 40+78 -6
4 —1.3+1.7 -2
L x 10" §
e —04+21 -5
53 —0.7+4.3 -3 [T
B ek = (0.7+2.5) x 1077
& 0.1+5.0 -2
€ =—(4.5+3.7) x 1077
e —3.9+49 -4 (B
E;“ 05 + 52 _3 1. 0. 0. 0.01  0.01 0. 0. 0. 0. 0. 0. 0.82
vae 14:t 13 _3 - 1. -012 0. 0. 0. 0.04 0.04 0. —0.26 0. 0.
- - 1 0. - 0. 0. 0.03 0. 0. 072 0.
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se __ —2
e = (0.9+1.8) x 1072, Ms-bar scheme] | S

(+ QCD quantitiesl) e




Connection with HEP

del
# Running + Matching with HEP Model/EFT: dleo(:i = (%'ﬁw + %%) ép),

U =2 [@((,,32)]11”2 - [@1(11)]1221 ,

” (3 ~ A3

Vij- e =2V [045,1)]” +2 [vag)] 1y 2 [Val(")]mj’
\ZTR 5‘;3 == [dw]u J

\ZTH Eﬁ =- [dlq]zljl’

]m]' ’ 2

V- egi = [V&Zde

Opp = i(pTeD ) (wy*d) + h.c.

W W Og’} =i(¢f DFo) (F,.0%) +h.c.
>.m\m< >\N\n’< O =i(¢' D"a"¢) (o) +he.
O, = i(pTeDyp) (7" e) + hc.
0iy) = (oD (@no")
Ogae = (Ie)(dg) + h.c.

O1g = (lae)e™ (Gpu) + hoc.

qu = (l}a“”e)e“"(qba#,,u) +h.c.
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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]
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ILHC limits on eq

Of course, the
interplay is more
interesting once we
see a NP signal...
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[Chang, MGA & Martin Camalich,
Phys. Rev. Lett. 114 (2015)]
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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
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-
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,,,,,
- o
______
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- 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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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

(o) (1,0™1)
— (Iy"o"1) (@yo ">

0(3) _

_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]
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