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Outline

* Introduction and motivation;

* Low-energy searches of BSM effectsind —uev
* Form factors!

* LHC searches;

*  What about SL hyperon decays?
(s—uev)

M. Gonzalez-Alonso B decays in the LHC era




Motivation ﬁ

P Precise data
- : +
Vv
g 5 Precise SM predictions
n
e [Remember... V , =0.97425(22)]
Neutron

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

Nuclei

TRIUMF (37K, 3’K), CERN (*’Ar), GANIL (**Ar, °He), PSI (°Li), Louvain-la-Neuve (1*O/!9C,
114]p, 60Co), Groningen (**"Al/*°K), Oak Ridge (°He), Seattle (‘He), Princeton ("°Ne), ...

M. Gonzalez-Alonso B decays in the LHC era




Motivation *‘ﬂ

p Precise data
- : +
V 08
g : Precise SM predictions

[Remember... V , =0.97425(22)]

Implications for New Physics?
= Specific model; Barbieri et al. (1985), Marciano & Sirlin (1987), Hagiwara et al. (1995),
Kurylov & Ramsey-Musolf (2002), Marciano (2007), Bauman et al. (2012), ...

= Something more general? EFTs!
Not assumption-indep! (Heavy NP + Field content + Symmetries)

Competitive probes?

= Other low-E searches (e.g. Pion decays)
= High-E (LHC!!)




Comparing experiments *‘“

* How to compare different nuclear beta decays? HY) = e(Cy + Chysvpn

V,A
- Effective Lagrangian at the hadron level! —evu75(Ca + Cuys)vpyusm + Hee.
H) = &(Cs + Clyys)vpn + He.

0, 0,
oM = é%(CT + C’T'yg,)uﬁ%n +He.

[Jackson, Treiman & Wyld’1957]

* How to compare with e.g. pion decays?
- Effective Lagrangian at the quark level!

4GpVy [ - _
[cdw-w - \’/‘"Q Ly - aytd + Y febs ZpFu-ﬂFd{l
por

* How to compare with LHC experiments?
- Effective Lagrangian at the quark level at the EW scale!

[ﬁeff-:ACSM‘l‘%ZaiOi]
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lLow-E searches of NPind —uev

Lasue-v, = _ﬂGFVud(l +Re(er + 63)) l:eL'y#yL .11(7# - (1- Q(R),Yﬂ,ys)d

+ €5 egryr -ud — cp €RryyL - ﬂ’ys,d +2er ERO VL * uo"’de:|

Underlying...
- nuclear & neutron beta decay;
- (semi)lepton pion decays;
>

Process-dependent details:
- Hadronization (FFs) is different;
> Exp. is very different;




lLow-E searches of NPind —uev

Lasue-v, = —V2G! Va1 4+ Re(er +er)) l:eL'y#uL -ﬂ(’y“ —“'yg,)d

+ €5 egrp -ud — €p €RyL - ﬂ’ysd +2er ERO VL * uo"’de:|

Underlying...
- nuclear & neutron beta decay;
- (semi)lepton pion decays;
9

Process-dependent details:
- Hadronization (FFs) is different;
> Exp. is very different;

Common features:
>  V & A gets “hidden” inside Vug & the axial-vector FF (precise LQCD needed).

[

2]
Vil +

Vus

eV, -1=(0.106) 107 ] £, +e, <510




Form factors needed for 3 decay
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Form factors in 3 decay (SM)

Weinberg’58:

Gl i 05 = ) () + PO+ 8500 )

~ 2 ~ 2
Gl mndl ) = o) (a4t 280 Dot + 5, )
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Form factors in 3 decay (SM)

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

<p(pp)| ﬂ’Yll'd | n(p'n» = up(pp () 'Yu ?Uuuq + %ﬂ] Up, pn

gV(O) 1 (Ademollo-Gatto’64)

Gl s nen)) = Tyt (G T <220

g.(0) 227
+R.C. & _ 1073
2w
[Marciano & Sirlin, 1986]
[Czarnecki et al., 2004] =0,(G.V,,.84)
[Ando et al., 2004]
[Marciano & Sirlin, 2006] 50;;1 ~107*

M. Gonzilez-Alonso B decays in the LHC era



Form factors in § decay (bSM)

Once we go beyond the SM...

(ppp)| ad|n(pn)) = gs(q°) @p(pp) un(pn)
ppp)l aysd|n(pn)) = gp(q*) tUp(pp) 75 un(pn)
(p(pp)l Uopuy d | ’I’L(pn)) = up(pp) (q ) O + gT ( ) (qM'YV QV'Y;L)

\_/'_|

(Qp. v ‘IVP ) + 9;3)

+ g2(g

(q ) (’7;151’71/ - 7V$17u)] un(pn)
[Weinberg’58]

M. Gonzilez-Alonso B decays in the LHC era



Form factors in § decay (bSM)

Once we go beyond the SM...

= (5@ s(py) unlpa)

(P(pp)| Uopuy d | n(pn)) = ﬂp(pp) ;w + ﬁ%ﬁﬂm
+ BRAPEHrR=TTT) + =) | n (00)

[Weinberg’58]
Now we don’t keep corrections... ‘

2
. - My, 10° = L s 10° In summary, we have 2 new
M~ form factors:

i Milp
adove gg=gi(q’ =0)

HOW Wthem? 2
fno¥ gr=g(q =0)

M. Gonzalez-Alonso B decays in the LHC era




Form factors in  decay [C:~ & x =]

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)

[average]




Form factors in  decay [C:~ & x =]

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

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

—0.005} - . N .
-0.0004 -0.0002 00000 0.0002 00004  0.0006

€r

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




Form factors in  decay [C:~ & x =]

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

How well do we know g¢ and g,?

Adler et al.’1975 0.60(40) 1.45(85) : 0g,/g:~10%

(auark model) -

PNDME 2011 0.80(40) 1.05(35)

[average]




Form factors in  decay [C:~ & x =]

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

How well do we know g¢ and g,?

dgi/gs~20%

Adler et al.’1975 0.60(40) 1.45(85) ' 0g /g ~10%
(auark model) e = .
PNDME 2011 0.80(40) 1.05(35)

LHPC 2012 1.08(32) 1.04(02)
RQCD 2014 1.02(35) 1.01(02)
PNDME 2013/15 0.72(32) ‘ 1,02(08)1 ’ "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”

YQCD 2015 0.66(03)stat °




Form factors in  decay [C:~ & x =]

Pheno determinations

How well do we know g¢ and g,?

(p| @omd| n) = (p| aouu—do,.d | p)
Nucleon structure!

or = [ ()~ (@) dz

Transversity PDF

Adler et al.’1975 0.60(40) 1.45(85)
(auark model) .
PNDME 2011 0.80(40) 1.05(35) o o mgl; s [PNDME 2015]
LHPC 2012 1.08(32) 1.04(02) 4 DS
RQCD 2014 1.02(35) 1.01(02) N o o
PNDME 2013/15 0.72(32) 1.02(08) _ S
g —_—— Ka '1; ®
ETMC 2015 1.21(42) 1.03(06) o —;us.‘f.gle; o]

YQCD 2015 0.66(03 )stat = . | | |

Very active field, with more data in the

near future, which will improve these gr

determinations. [Gao et al., 2011]
[Goldstein et al, 2014]
[Courtoy et al, 2015]




Form factors in  decay [C:~ & x =]

How well do we know g¢ and g,?

O (un"'d) = —i(ma — my,)ud

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

Adler etal.'1975  0.60(40) 1.45(85) (M, -M,)
(auark model) g = Yt Peen v
PNDME 2011 0.80(40) 1.05(35) m, —m,
LHPC 2012 1.08(32) 1.04(02) .
Well known, used in many other
ROCD 2014 1.02(35) 1.01(02) processes, e.g. EDMs or K—mev...
t
PNDME 2013/15  0.72(32) 1.02(08) fo(t) = f+(t) + P —Y f-@)
ETMC 2015 1.21(42) 1.03(06) [e.g. Anselm et al’1985,
Ellis et al’2008,

¥QCD 2015 0.66(03)stat _ Engel et al’2013, ... ]




Form factors in  decay [C:~ & x =]

How well do we know g¢ and g,?

O (un"'d) = —i(ma — my,)ud

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

Adler et al.’1975 0.60(40) 1.45(85)
(auark model)
PNDME 2011 0.80(40) 1.05(35)
LHPC 2012 1.08(32) 1.04(02)
Isospin splitting in the nucleon
ROCD 2014 1.02(35) 1.01(02)

(Mn —Mp) =1.2933322(4) MeV
PNDME 2013/15 0.72(32) 1.02(08) o
M, -M, =(M, —MP)QCD +(m, -M,)

QED

ETMC 2015 1.21(42) 1.03(06)

1t turns out lattice-QCD is being
D 201 -
xQED 2015 0.66(03)stac calculating this recently!!!!

[A. Walker-Loud s talk]

Useful connection between two
different Lattice efforts!




Form factors in 3 decay

lCi~ g X 8i|

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)
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)
ETMC 2015 1.21(42) 1.03(06)

¥QCD 2015 0.66(03)stat =

cve 0.97(10) — =

Much more precise!
Why don’t we calculate the ratio
directly in the lattice?

O (un"'d) = —i(ma — my,)ud

[MGA & Martin Camalich,
Phys. Rev. Lett. 112 (2014)]
=
( n P/ocp
8s v
md - mu

3.64(21), QCDSF [1508.06401]
2.52(29)  BMWG [1406.4088]
2.28(26) BMWG [1306.2287]
. 290(63) RM123[1303.4896]
2 313(57) . QCDSF-UKQGD [1206.3156]
251(52) Blum et. al. [1006.1311]
2.26(71)  NPLQCD [hep-lat/0605014]

e

——.—

___‘ e 2.44(17)  weighted average

Y ampemmev)  [A. Walker-Loud s talk]
mq - my =2.52(19) MeV [FLAG2015]



Form factors in  decay [C:~ & x =]

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

How well do we know g¢ and g,?

dgi/gs~20%

Adler etal’1975  0.60(40) 1.45(85) - Og,/gr~10%
(auark model) = - -
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)“\

ETMC 2015 1.21(42) 1.03(06)

¥QCD 2015 0.66(03)stat =

ae 0.97(10) ) ;




Resuscitating the pseudoscalar interaction

[MGA & Martin Camalich,

Likewise... Phys. Rev. Lett. 112 (2014)]
M +M
9, (uyHysd) =i uysd = —Pg, =348(11
i (@Y y5d) = i(ma + my)uys - 8p m, +m, 8a an

Implications? It almost compensates the bilinear suppression!

p P bilinear ~ ¢/M ~10; _ .
4 (o) [@rsdin(pn) = gp (@ (py)vsun (P2

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

Message: [Jackson, Treiman & Wyld, 1957]

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

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

Ma=e) o8
Rﬂ_l"(ﬂ:—ﬂuv) R £p




Form factors needed for 3 decay

New physics searches
in 3 decay

M. Gonzalez-Alonso B decays in the LHC era




Neutron 3 decay bSM < ““
ga ~ ga(l —2¢p)
ga = (plavuysdln)

Losper. = —V2GrVaa(1+ Re (e +€n) ) [émm B = Gayas)n

After hadronization and at order ...

+gs €5 €rVL - Pn + 297 €7 EROLLVL 'PU“"TLL]




Neutron 3 decay bSM d>< *‘“

| Lifetime shift > CKM unitarity

ga = ga(l —2cp)
ga = (pluy,ysdin)

[|Vw,|2+| 4V, -1=0.1206) 103]

n—»pe Ve — \/—GFVud 1+ |:eL'7IJVL o\ —

eRVL - pn + Zg@eRUM,,I/L . p(f'u”TLL:|

S and T affect the angular distributions and the spectrum!!

ar(@) P. p,J
—dEdeQ Nﬁ(E){l‘l'aEE +bE+A——+(B+bB— E_j}
b =~ 03gses — 5.0gr er
by—b ~ 01lgses — 03 grer




Current limits on S & T from low-E;:

PL(#0) /P, (1°C) (Carnoy etal.’1991)

PP

®  d@  om  om  om o o

Superallowed nuclear B decays (by,)

3090 Hardy-Towner 2009

b = 30004
3080 -

Ft(s)

5 0 15 20 25 30 35
Z of daughter

20010

~0.003 ~0.002 0001 0000 0001 0002 0.003
Global fit of nuclear & neutron § decay data.

Re
[Wauters, Garcia & Hong, 2013] i — eV)/
[Pattie, Hickerson & Young, 2013] (PIBETA 2009)
e :: 3 i I — ISnmlln;l
(y(e plaa,,ysdlm") = 7§f7'(p)1.51) — D€L § b * Dua
£,=024(4) [Mateu & Portolés, 2007] 5 '
[large-N inspired resonance saturation model] 5 « -
No LQCD calculakion! T Demoveta o

R
A=QE/m,)sin’ (0, 12)

T i2



Ft(s)

uture
&_ﬁsenf limits on S & T from low-E:

PL(#0) /P, (1°C) (Carnoy etal.’1991)

o : S

6 dw  dn om oo o o

Superallowed nuclear B decays (by,)

3090 Hardy-Towner 2009
b = 30.004

3080

3070

20 25

5 10 15 30 35

Z of daughter

-0.010 ) i it )
—0.003 -0.002 -0.001 0.000 0001}
Global fit of nuclear & neutron 3 decay data.
[Wauters, Garcia & Hong, 2013]

[Pattie, Hickerson & Young, 2013] o

uture neutron decay exp.

- fipparoft
< tipperon

z H
Ll

w20 w0 S0

Kb = 0.3 ggeg—5.0 g, J




uture
&r—fenf limits on S & T from low-E:

PL(#0) /P, (1°C) (Carnoy etal.’1991)

6 dw  dn om oo o o

Superallowed nuclear B decays (by,)

3090 Hardy-Towner 2009
b = 30.004
‘u‘) 3080 -
R 3070
5 10 15 20 25 30 35
Z of daughter
Global fit of nuclear & neutron 3 decay data.
[Wauters, Garcia & Hong, 2013]
[Pattie, Hickerson & Young, 2013] os
b from da(°He)~10 . e
B ﬁ v B@ ol |
£l
EHET He £ '
PS: Rfit method used ) ) | T T T
[Bhattacharya et al, 2011] i L@ v Kb = 0.3 ggeg—5.0 g, J

[Gardner & Plaster, 2013]




uture
&Lpenf limits on S & T from low-E:

Oct’2011

—-0.005

-0010 AP
—0.003 -0.002 -0.001 0.000 0001 0002 0003

Re(er) Re(er)

-0010¢, . . ... ... .l ..

= 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.
M2
£ ~ MZW —M,, ~2 TeV

i
NP
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The high-energy Effective Lagrangian

£(z) = £ (SM fields, bSM fields)

. 59 op. [Buchmiiller-Wyler’1986, 535 @ D'=8
Leung et al.”1986] [Lehman & Martin,
1510.00372]

1
Lep. = Lym + e Zai @7

[Cirigliano, MGA, Jenkins'2010, —
@ Cirigliano, MGA, Graesser’2012] Ei f(al)

s

¢ 3

4GpVy |- _
>< >< Laut-ig = — \%J bpyuv - wytdy + Y ey zpru-nrda]
poT

M. Gonzalez-Alonso B decays in the LHC era




The high-energy Effective Lagrangian

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 B decays, but not for
e.g. ©/K/hyperon decays, p capture. ..

erLyuvL - urY'dr i(pTeDyp) (" d)

> Very different inb — s e*e,

where some structures are forbidden! /Martin Camalich's talk,
Alonso, Grinstein & Martin Camalich’2014]

- Not true in the non-linear EFT! /Cata & Jung'2015]

M. Gonzalez-Alonso B decays in the LHC era




The high-energy Effective Lagrangian

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;

< If U3)’ is an approx. flavor sym (MFV),
only &L is non-zero;

Vil 4V [+l 1= 012060107 = 25 =4(-aP+a -a@d +a?) | 4 jjrey

Better than LEP & LHC bounds!
[Cirigliano, MGA, Jenkins'2010]
[Cirigliano, MGA, Graesser’2012]




The high-energy Effective Lagrangian

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;

< If U3)’ is an approx. flavor sym (MFV),
only &L is non-zero;

Vil 4V [+l 1= 012060107 = 25 =4(-aP+a -a@d +a?) | 4 jjrey

Better than LEP & LHC bounds!
[Cirigliano, MGA, Jenkins'2010]

o It relates beta decays with a plethora of other experiments: [Cirigliano, MGA, Graesser'2012]
- LEP physics;
- LHC physies

> pp—oce
- Higgs decays
9




LHC limits on eq . Koogze,

e SM background NP (EFT)

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

* To suppress the bkg, we look for (e+v)-events with high m:  Cirigliano, MGA, Graesser'2012]

2 2 2 2 2 2
Npp_,evx(mT >mT,m) =¢ex L xapp_,evx(mT >mT,m,) =ex L x (UW +0; &g + O 8T)

( Interference w/ SM ~ m/E )

Reminder: EFT counting...

2
ANASM<1+a6A +a8 >
2
v v? Comments:
O~Ogy |14+ ag— Oz-l-ag —_—
A2 ( 6 ) A4 - Same story for CPV
contributions to CPC ops;
- Not same for EDMs!

[V. Cirigliano's talk]

M. Gonzalez-Alonso B decays in the LHC era 13 /23




LLHC limits on Eq 1 @C—w@i Y 7

g SM background NP (EFT)

P P
— w
- >\l\l\l\/< +R.C.| +

* To suppress the bkg, we look for (e+v)-events with high m:

b 2 2 b 2 2
Npp—ieVX(mT >mT,cut) =exL xopp—»evx(mT 2 mT,cut) =ex L x (UW +0; &5 + Op 8T)

3105 CMS\s'=ff TeV s 0.02¢

8104 LHC7, 5 fb!

g 0.01]

‘3103 . LHC8X0 fb!

[ et L

107 By N ! _ =

R | H "
~0.01F /

.02k
—-0.004 -0.002 0.000 0.002 0.004

+ler
[MGA & Naviliat-Cuncic, 2013]

500 00
My [GeV]




What about SL hyperon decays? ¢—uev)

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

M. Gonzilez-Alonso B decays in the LHC era




What about SL hyperon decays? ¢—uev)

Differences with neutron deca

Emmea s 8BR/BR
#+ Completely different exp. facility; '
| » BRare tiny (hadronic modes open); e m
# (Mainly) data from 70s-80s; A— p [AY 29 20%
+ SUR) — SUQ) X —ntlv 3% 10%
8=AM/M ~ 0.001 — 10-20% 50, ytoy » 5%
— % 0
v M hi 1 !
‘ uon channel open . B ALy o 100%
# 12 different channels (with diff. NP dependencies)
# New FFs (even in the SU(3) limit);
# S,P,Tterm ~m¢/q — Tiny effects in the e-modes
I (useful for SM)
N . _ NOTE:

Let’s forget for
now about kaomns...

~ Theory at NLO is also OK here!
' Error ~NNLO ~ &% ~ 1-5%

M. Gonzalez-Alonso B decays in the LHC era




What about SL hyperon decays? ¢—uev)

e _ LB Bypmw,)  Ilustrative & very
[(By — Bye™ ) si.mpl.e observable:
=
RGy = T 1—9m_f2‘_4mi 15m, ~mZ\ No FFs!
A2 2 A2 B A4 A2 (&E NLO)

fs(0 91(0)f 0)
o D)l
NP

0
(=30 (14355 ]

II(A,m,,)

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

- g1 (h—p)
- One more! Only model calculations available (Ledwiq <t al’2010),
LQCD desirable!

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




What about SL hyperon decays? ¢—uev)

e _ LB Bypmw,)  Ilustrative & very
['(By — Bye™ 1) simple observable:

m2 gmz  omp\ 15mi m2\ No FFs!
Ry = A\f[1l——L(1->—L 4L )4 —_ 1 h 1- £
sa A ( 3 A2 >+ 5 proetan A% ] (at NLO)
Fs(0 01 (0)fr(0)
ﬁ(l(? + 2 F T(o))
II(A,m,,)

s <o>
(1= 320) ( 3;1(0

old data
sensitive to
TeV ijsi.cs!

-0.10 -0.05 0.00 005 0.10

€s
v

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



Conclusions

= B decay are sensitive to TeV physics!

Intense activity exp/th;

= Complementary to collider searches;

This interplay becomes much more
interesting if we see a NP signal!

= My wish-list for LQCD:

PO

_ (M“ _Mp)QCD

8s

md _mu

| (Ba(p2)|0,,s|By(p1)) = 81(0) iy (p2)oyur (p1)-

\
N _

e
<7(E’ p)lﬁa 1/75d|7r+> == _fT(p €, ~ PvE )’
3 3 n 7 )

Re(es)

0.02
utron
future)
001 :
“nuclei
0.00 -
-0.01
ion
-0.02 P
—-0.004 -0.002 0.000 0.002 0.004
Re(er)

M. Gonzalez-Alonso

B decays in the LHC era



Backup slides
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Ett. Lagrangians

Loc =

cOv,, _ _
_FT [(&:e + CL)C’Yu(l — ) - uyH (1 —y5)d

+erevu(1+vs)ve - ay* (1 — 5)d

+erevu(1 —vs5)ve - i (1 + 5)d + Epeyu (1 + ys5)ve - uy* (1 + y5)d
+ese(l — ys)vp - ud + €ge(1 + y5) vy - ud

—epe(1 —5)vg - Uysd — Epe(1 + 5 )vg - Uysd

+er@oyu, (1 —y5)ve - uot (1 — y5)d + épéoy, (1 + 45 )ve - uot” (1 + ’Ys)d]



lLow-E searches of NPind —uev

[Cirigliano, MGA, Jenkins 2010,
( €L = e(;) + e(Lc) &= _&;“P \ Cirigliano, MGA, Graesser’2012]
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\ r = — Vi ér = V. O;l) :Z(LptD”U @) (Inu0l) +hee.

O, = i(pTeDyp) (" e) + hc.

Four-fermion operators:

Oz(f) = ("o ) (@) Ocyud = (@) (@,d) + hec.
Ogae = (le)(dq) + h.c. Ogqus = (Iv)(Tg) + h.c.
Oy = (la0)e™ (@u) + hc. 04, = (Tr)e(@d) + hc.

O}, = (lao™ €)™ (@0ovu) + hec. Oty = (L™ 1)e* (@0 d) + hoc.




Illuskrative
exampi,e.:

PHYSICAL REVIEW D 87, 114505 (2013)
Leading isospin breaking effects on the lattice

G.M. de Divitiis,'? R. Frezzotti,"? V. Lubicz,>* G. Martinelli,*® R. Petronzio,"? G. C. Rossi,'?

F. Sanfilippo,” S. Simula,* and N. Tantalo'?

‘5M123 Collabomtionlh

RM123 Coll.

(M _MP)

n

g5 = P _1.21(17)

m, —m

u

This should be done by the
collaboration (correlations!)

‘The main results of the paper are

M2, — M2, = 1.44(13)(16) X 10° MeV?,

[M%, — M2, ]%P = 2.26(23)(23) X 10> MeV?,
[M%, — M%]%P = —6.16(23)(23) X 10° MeV?,
_ (M3 =M1 — (b2, — 2 R

€
i M. — M,
=0.79(18)(18),
iy — 1, 1(VS, 2 GeV) = 2.39(8)(17) MeV, >
s (M5, 2 GeV) = 0502)3),
my

Iﬁu(WS, 2 GeV) = 2.40(15)(17) MeV,
14(MS, 2 GeV) = 4.80(15)(17) MeV,
g — fiyq

R(MS, 2 GeV) = [—](M_SZ GeV) =38(2)(3),

g — i,

— e —m2, | —
O(MS, 2 GeV) = \ T 'ﬁ"; (MS, 2 GeV) = 23(1)(1),
d u

Fy+/Fpe 70 _
[ L/ 1] = —0.004003)(2),

(M, — M, ] =2.9(6)(2) MeV, >




The high-energy Effective Lagrangian

©

v d u
A L N @

in\<€: \v“\<e_' MSSM
v, v,

0% =i(h D*0°¢) (17,0°1) +h.c.,
0B =i(o' Do) (Gr,0"q) +h.c.

1

€L ELYuVL - UrYudr

a; = f(gi,m;)

goos

(Kurylov & Ramsey-Musolf,
PRL88, 2002)
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Beyond g, =

Interesting
competition

eer, | Reer | Ree€ Re es | Re er

Low-E [ 005 | 005 | 0068 0.2 0.1 || x10?

LHC (ev) - - 0.6 0.6 0.1 } x10?2
Vi,
| Im €, | Im ep | Im ep [Im eAflm 671
Low-E - 004 [ 0038 3 ] 03 || x10?
LHC (ev) - - 0.6/ 06 JL 0.1 Jj x10?2
Low energy dominates!
p—
V
— x 102
x 102

LHC dominates!

2

2
v v
~ O =5 - Aeﬂ* ~0.7-200 TeV [Cirigliano, MGA & Graesser; 2013
A Ab?ff MGA & Naviliat-Cuncic, 2013]




Scalar resonance

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

TOY model: scalar resonance:

L = /\sVud¢+ﬂd + )\l(ﬁ_EPLI/e

p Then we have a lower-limit value for &
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Nice interplay of two

experiments separated for so
many orders of magnitudes!!!!

[T. Battacharya et al., 2012]
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