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Motivation & goals d’ —u'lv,

. : T —h;:r”e*v:\
O Very precise measurements in some low-energy
experiments (errors ~ 0.1%); x =1,
O Very precise theoretical (th+lat) SM-calculations for these K —nlv,

processes (errors < 0.1%);

=>» The agreement between data and SM-predictions puts
strong constraints on the physics that lie beyond the SM;
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Outline

O Introduction and motivation; V
O EFT approach;

O LOW-ENERGY:
Neutron beta decay measurements and other low-energy probes;

O HIGH ENERGY:
NP bounds on these couplings from LHC measurements;

Cirigliano, MGA & Jenkins2010
Bhattacharya, Cirigliano, Cohen, Filipuzzi, MGA, Graesser, Gupta, Lin"2012
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Cirigliano, MGA & Graesser (in preparation)
Abele, MGA, Pitschmann, Ramsey-Musolf (in preparation)
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The eft. Lagrangian for E~100 GeV

> < -Tev | NP [7(x)= L£(SM-fields, bSM-fields)
[Buchmiiller-Wyler'1 986,
Leung et al."1986]

X =100 GeV SM .f“”l'lfx} - EE:M{I) +%m +%£b[‘+’}+

[.f"{.r} - 2 .:;;"*q.“"(xj]

EFFECTIVE LAGRANGIAN
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The ett. Lagrangian for E~1(eV

=~ 100 GeV =M ]

ﬁz

EGFIII(I} = ‘ES:.H{I)-l_ LG(I}

(;;{x;. -S a0 fo]

[Cirigliano, MGA, Jenkins"2010
Cirigliano, MGA, Graesser, in preparation]
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The ett. Laptanoian for E~1(GeV

[Cirigliano, MGA & Jenkins,
ol B{:tﬂ dCEﬂ-ﬁ-ﬂ e . . - MNucl. Phys BE30 (2010))

d' —=u'lv,
- (V-A) o (V-A) o (V-A) Y

(I"‘EL)(HL}’HdJ ) ?’pvﬁ)"‘fﬂ (HHT#J)}UL}’ 1";5,)

- S-P) o (S+P)  (S+P) e (S+P)
q{iu’m (x) = m: 1 +e) (z{‘?ﬂi‘fﬂ{ Vo) + & {Hf_: = ) + h.c.
(T-T') o (I-T')
\ 0" d; (0, v, V.

g where... Vi [Erlay = 2Vy [hfjj]u +2Vim [a3];,, — 2Vim [""’::I],.,,,J-
i Vij IEE]HU = —|a ]J
8 Vi - [e2 o = — (gl
L Vi ey = =Vim [0gacy
Vii E.J..]“J = —[1},|,:”r
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The effective Lagrangians

» Beta decay:
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S
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» With our matching conditions we can compare!
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Outline

O Introduction and motivation: V

o EFT appmach;v

o LOW-ENERGY:

Neutron beta decay measurements and other low-energy probes;

O HIGH ENERGY:

NP bounds on these couplings from LHC measurements;

m Detail analysis for S and T;
m ['ll talk about the other NP terms at the end.
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Observables:

Experimental activity worlwide:

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

- Angular distr.;

THEORY: SM

SM prediction in very good shape!
Known up to quadratic effects in:

afm, AM/M, g/M ~ 0.001

- Lifetime;

0, =0,(GV,,.8,) 80, ~ 107 -10"

THEORY bSM

£ rn (14+gV=-A)V ~A) 4ep(V-A)V+4) &V +AV -A)+ep(V + AV + A)
Les(S-P) S p(S -~ P) P Lig(S+P) S ip(S+P) P
+ er(L =Ty )L+ Tm) + ér (T + Ty = Tys)
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Neutron B decay bSM X —&G

-
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+ As €5 ERyy, - P+ 2AT €T EROLVL ~;.*m“"'nL:|

Lifetime shift =»
CKM unitari
(Wb b 101208 107)

£ +£, 55 107"
A, >11TeV (90%CL)
Marciano'2008
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Neutron B decay bSM <, ~6%

Aa s Aa(l = 2ep)

En—rpﬂ_yt —] —ﬁf;FVud(l -+ EF, T t;;) !PL’MI"L P( N - ju .H . )”

+ .l.!f[, - pn + Ekr:rm,.u[_ p-:r“"'nL:|

0.3 gs es — 5.0 gr er

0.1 gs €5 — 0.3 gr €T
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Form factors needed!
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What do we know about S/T from other low-E exp.?

Radiative pion decay (PIBETA "2009)
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£,=0.24(4)
(Mateu & Portolés, 2007)

Biyehbes sl &, 3007

T --J_I_J—J._l.'_I-J—I.J.
[]

0.25<g <1.00

0.60<g <2.30
{Adler'1975, Herczeg'2001)
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* Pion decay (R_) also very powerful! = HE _"E""'}

**Other nuclear decays getting close...
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What do we know about S/T from other low-E exp.?

Radiative pion decay (PIBETA "2009)
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| £=0.24(4) 02
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Superallowed nuclear B decays £,
L vy Torwnar 200
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What do we know about S/T from other low-E exp.?

Radiative pion decay (PIBETA "2009)

TERTRUVNYS NSNS 1 | SRPRIRR : {3
bl ] i — Pasdain |
i~ %5 | = [ |.
: al LI-l"-|_,_l‘ £,=0.24(4) D2
i - . ""J—pﬂ"";“'-l (Mateu & Portolés, 2007)
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5 B A AT -II 01

Tomi 1, fomn_ i i /T

Superallowed nuclear B decays £,

Bl
T e 0.25<g <1.00 o]
. 0.60<g, <2.30

(Adler’1975, Herczeg'2001)
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What do we know about S/T from other low-E exp.?

Radiative pion decay (PIBETA "2009)

e e AT : 003§
=t i T ]
i~ y | * D L
: = TL'-LI_H £,=0.24(4) oz
i - . ""J—pﬂ"";“'-l (Maten & Portolés, 2007)
: ’-E Biyechboesy al o, JOOT .]l‘_ E
5 B A AT -II 0l

Tomi 1, fomn_ i i /T

Superallowed nuclear B decays Eg

w 0.25<g.<1.00 —h
T 0.60<g,<2.30 )
dler”1975, Herczeg

m-...-.l_._..i.nu.....l.s:...ni.n_._._‘rr ....ﬁ......ﬂu._ —ifi2
& ol dlaiaghter

=4
=03 —-0fha —0aal (1 (W) DLEEA LERD LHEDVES

&

Future neutron d-l:'l:ﬂ.:.' CXP.

T

LATTICE QCD!!

PNDME Coll.:
T. Bhattacharya, 8. Cohen, K. Gupla, A. Joseph, H.W. Lin

. =1.05(35) o=0.8(4)
{Bhattacharya et al."2012)
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What do we know about S/T from other low-E exp.?

Radiative pion decay (PIBETA "2009)

it : 003
i | — Sadain ]
i~ W | * s L
- il LI-l"-|_|_l‘ £=0.24(4) o2
i - . ""J—pﬂ"";“'-l (Maten & Portolés, 2007)
: ’-E Biyechboesy al o, JOOT .]l‘_ E
5 B A AT -II 0l

Tomi 1, fomn_ i i /T

Superallowed nuclear B decays £,
M)
T e 0.25<g <1.00 o0
(Adler’1975, Herczeg'2001)
T W B 8B » B -2
& ol dlaiaghter
Future neutron decay exp. ~0.03

=03 —-0fha —0aal (1 (W) DLEEA LERD LHEDVES
£

T

PNDME Coll.

o =L05(35) o =0.8(4)
{Bhattacharya et al."2012)

e — b=03g., . —50¢g.¢,
b,-b=01pg. &, —03 g,

g=1.08(28)  g;=1038(11)
(Green er al.”2012)




Outline

O Introduction and motivation: V

o EFT appmach;v

o LOW-ENERGY:

Neutron beta decay measurements and other low-energy prnhes;v

O HIGH ENERGY:

NP bounds on these couplings from LHC measurements;
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What about the LHC?

O Sand T would affect the pp collisions!

O In principle low-E experiments are favored
(interference ~ m/E), but the LHC is powerful...

O There are 2 possible scenarios here:
® The new particles are too heavy to be produced at the LHC
=>» EFT approach still OK!

M. Gonzalez-Alonso B decays in the LHC era 8 /17
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[.LHC limits on €1

T -

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

my = .J'I'!-E.;-_'::I.E'r".[ I — cos A
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- e,
LHC limits on &g ¢ &O&f

- (=]

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

O EFT approach:

Npp-l-eﬂ{m?}nl;ﬂ} e L Hgm*ﬂf(m;}"éﬂ) o L x ({]i"'-l-a'g E': L EIE:)

Ll '|I.I'I.'_" Ir:l .II..'l. | o8 il

e —y

™1 T
CME Prolimi
Jll.t-rl.ﬂ-ﬁ'

JEEE
i

0.l
0.5 LiT]

My oy (TeV)

(CMS 1 fb, 7 TeV)



LHC limits on €

CMES Ewparmisnt ol LHC, CERM

Diata mperchidt Whied Siaps 21 173551 CEST
RusEwenk 170841 | 21318208

L s 159

O Crodsng: SIMIEI0 ) 1840

ChIS Espewramend o |G TERN

Dk et Waed Sy 21 13 Sy 7 SEET
Run'Twent TSN 7 31 NIRTTER

L Ge0b0n 10

b Cromming: &4 ITLISE ! 1680

Elaciron pt: 799.5 GeV
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LHC limits on &g ¢ Co Ve,

O EFT approach:

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

Npp-l-eﬂ{m?}nl;ﬂ} e L Hgm*ﬂf(m;}"éﬂ) o L x ({]i"'-l-a'g E': L EIE:)

a0z

- T
CMS Profimi
Jllﬁ'rl.ﬂ-ﬁ'

1fb! (7 TeV)

LR} |

=1kl

Low-E
—{p 0k
=K = 1EHHE 2 LRSS

(CMS 1 b, 7 TeV) Ey
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O EFT approach:

- e,
LHC limits on &g ¢ &O&f

- (=]

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

Npp-l-eﬂ{m?}nl;ﬂ} e L Hgm*ﬂf(m;}"éﬂ) o L x ({]i"'-l-a'g E': L EIE:)

LIETS

- T
CMS Profimi
Jllﬁ'rl.ﬂ-ﬁ'

1fb! (7 TeV)

0.4 -1 (7 TeV)

=UAH

Low-E
-0
=0 —0AHe LELLL HELLE LR EE

(CMS 1 b, 7 TeV) Ey



LHC limits on &g ¢ Co Ve,

- (=]

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

O EFT approach:

Npp-l-eﬂ{m?}nl;ﬂ} e L Hgm*ﬂf(m;}"éﬂ) o L x ({]i"'-l-a'g E': L EIE:)

T TT7 (ki
CME P

Jll.t-r a3

LLEN) |

=1kl

Santa Fe 2012
_E
'qg

Low-E
= {2k
=004 —04H2 L LEH} HEELE AHK

(CMS 1 b, 7 TeV) Ey




LHC limits on & &%
O EFT approach:

O Estimate of future bounds:

assuming n=0 with m_> 2.5(4.0) TeV Tﬂmﬂ decay

uclear decays

m 14 TeV, 10 fb'l;

= 14 TeV,300 b} HC @ 14 Tev

Comment:

Sizable QCD running of &

]
=
u
i
e
=
g
™
W

e(u=2GeV)=1.79 e (pp=1TeV) ~0.004} LHC® 14 TeV, 100
£, (H=2GeV)=083 ¢, (u=1TeV) ~00010 00005 00000 00008 00010
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What about the other € ? &o&é}

~ (I4ep)(V=ANV —A) F+ep(V-=A)V +A) +e(V+ANV = A)+ep(V + ANV + A)

+ag(8=P) 8 —ep(8~P) P +és(S+P)S  -ip(S+P) P
+ e (T — T ) (T + Tos) + ér(T + Ts)(T — Ts)

®m Operators with LH neutrinos: linear effect.

o 8, T: spectrum and angular distributions;
i g ~ -2 4
o L, R: CKM unitarity tests; £~ 10~-10
A~2-20TcV

o P: Linear sensidvity in pion decay {Enhﬂnce by 1/m.);

£~ 104 -107

A ~ 20 = 600 TeV

=]
i
5
o
|
5
.
ol
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What about the other € ?

L ~ (14e)(V=ANV =-A) +ep(V-ANV+A) +ep(V+ANV —A)+ep(V+ AV + A)

tes(5-F) 5 ~ep(S-P) P +és(S+P) S - ép(S+P) P
+er(T —T4) T + Tys) + ér(T + T4 )(T — Ts)

] fjpcrﬂ[ﬁrs with LH neutrinos: linear etfect.

o 8, T: spectrum and angular distributions;

. £: -2 -4
o L, R: CKM unitarity tests; 7 B - E~10~-10
[IV.;| -+|V.,] +IV-sf =i =00 m_a] A~2-20TcV
o P: Linear sensidvity in pion decay (enhance by 1/m);
PR e £~ 10 - 107
o -'R".'r{;:—-;w]'_ﬂ‘ 1-;“‘3;-- A ~ 20 - 600 TeV
=
u " ] "
": ® Operators with RH neutrino: quadratic etfect.
frar
: i : s =1 =2
3 o 3, T, L, R: same observables. .. ——— E~ 10 =10 4 v

o P: The limit is still very strong, due to the mass enhancement. = g~ 10 - 10-
A~ 40 TeV
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What about the other € ?

g(mr >Mr) = ow

+0s |es|?

<+ o7 IETIE' i

u- (fh} — T
D o 0
0@
1o ]
]
: 1
&1
4}
L T,
2 0.l . . : ,
"'=" (L] LN (1] 12 14
'-": LLE (TeV)
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What about the other € ?

g(mr >Mr) = ow
+ og [eal +05 [lesl® + esl? ]
+ or [IET|2+|ET|2] :

n- (fh} — T
| — gy 1
— o,
US
ICHE | E
) |
e~
= 10
M
o
(L F,.
& ol . . , ,
= 0 [T 1o 12 14
7 M cye (TeV)
Cirigliano, MGA & Graesser,

in preparation
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What about the other € ? @ O@ ..

g(mr >Mr) = ow
+ or |énl +0s |lesl? + [ésl* + lep|* + [ép [
+ o7 [|ET|2 - |ET|2] ,

(b)) | — |
| — LA, ]
= g,

0. |

IEES | 1

I |

e i |

o |

2 %

& ol , , ,
- 04 08 1o 12 14

7 M cye (TeV)

Cirigliano, MGA & Graesser,

in preparation
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What about the other € ? @O@

ow |(1+ EE'})E + |EL|"' . |£R|2] —20wL Ef}(l -+ E':f])

o(mr > r)

+ op [l +1€2P] + 05 [lesl + sl + el + [épP]
+

or ||er|® + |ET|2] ;

o) = —
P L ~|
=g,
[ it
MEEN |- -I
Tyr. |
e~ .
= i |
5 |
o .
L 0.,
o L i ; ; g : 1
= 0 [T 1o 12 14
i M cye (TeV)
Cirigliano, MGA & Graesser,

in preparation
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Beyond the pp —evX channel

O Using SU(2) gauge invariance, we can also extract bounds from...

1fb! (7 TeV)

5 fb! (7 TeV) n
~3 15 fb! (8 TeV)
E- a0l
ﬁ Cirigliano, MGA & Graesser,
w Ll in preparation

1R 1R 1412 HELLI] diE? [N NES (TS SR OTL] sy e
Er Ey
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Scalar resonance

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

L = ‘j'lh' L.:ml ¢’+ ud + )U. fﬁ_FPL Ve

O Then we have a lower-limit value for g

r=m2/s
p?
) £g = 2,.1‘5-}”—2
0010 §| ——=a=dte | f
~ 0005 |=ees iret) 5 i ..r""'#,:
= e 0,002, o | Nice interplay of two
{4 L __...-" .
5 0.001 e | experiments separated for so
2 IR ™ . many orders of magnitudes!!!!
:E TR0 o
12U g 33 24 26 2B 3D
m(TeV) (T. Battacharya et al., 2012)
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LHC limits on &g ;

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

L = AVy07ud+ Mo EPLv,

O Then we have a lower-limit value for g

O If the implied lower bound on eS is smaller than the low-E value of eS...
m [t's not a scalar resonance;

= [t couples to the muon/tau neutrino;

=
S
4
5
w3

® There is some cancellation with other scalar resonance or contact interaction...

(T. Battacharya et al., 2012)
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. Ay
Conclusions - "6 .

» Connecting HEP and [ decays: EFT approach (heavy mediators);

m [3 decays are exploring the TeV scale!

m Interesting interplay between LHC
and [ decays (+lattice) in the R S e o

present/future; e T [ |
(006 J"f 1|
e : Meutrpn/ nuclear
m Needless to say, this interplay 0004 ’ decayg

becomes way more interesting if & oo0 f
we see a NP signal! L

LUl E ]

LHC @ 14 TeV

~ {003 ~

LIS

=
&
i
.
=
L

|}
DI O Dt T [\TCIE W] [

£r
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Santa Fe 2012

NP flavor structure

M. Gonzalez-Alonso

ﬂ.‘p‘rﬂp«l‘}.ﬂ"p:}

B decays in the LHC era

U(3), x U(3),x U(3),x U(3),x U(3)

W




U(3)” inv. case: Phenomenology

[Cirigliano, MGA & Jenkins,
= e Nucl. Phys B330 (2010)]
il <R N

[ﬁ-{ﬂfﬁ)— @ 8V )t ulty) 3T 11, )| + D

T —i{3 {3
where. .. "r.—"" o — 20

T T
EE?’Fd D, Y Vi )+ vy

2.
arf e s _
5-4 L:” —l-u*.fﬁ {I) o 2 2 I;!]' M) +wam + h.ﬂ.
= w
4 c - :
i * (G =GP |
s where... [v,],, =2a% +2a2 -2a
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U(3)” inv. case: Phenomenology

where. ..

= 4=l a3
v, =4a, - 2a,

m Thus, all the NP are: [GFP"""*"“”-GL“’(Hﬂ)}

phenal SL} (D) s -
i =Gy (].|.1,;-L]. (3) (3)

e L
1 = f—
v, Eﬂlﬂ + Eﬂ‘w Zam

® Just shifts of G and V!!! (no channel-dependence, no new FFs)

=» Only one place where we are sensitive to this...

8 0.23
. > | i
= # How well known is Aqyy? o i
= ‘ . UJ;__‘W-M‘
4 V. =0.97425(22) |
o = .
£ v, =0.2252(9) :> [am =—(0.1£06) 107 | oasf fit= = Uty
d |7, ~10" | e
il L
— lavi
" Kaon WG[| | .
M. Gonzalez-Alonso B decays in the LHC era e = 0.078 v




CKM tests vs. HEP Ty

=i(h' D*a"p)(ly,0°l) +h.c.,
=i(p' D"o%p)(gr.0"q) +h.c.

EWPT

Santa Fe 2012

O C R - - YL T ELEETEE -

CKM
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Neutron [3 decay &9

Weinberg'58:
o) i o)) = 5y [(67) 20+ P+ B0
(5a
G TsdinGn) = By [aaler Ty (I L )
2 oo = o ) e

9p(4%) tp(Pp) 75 tn(Pn)
tp(py) [97(4%) 9 + 95 (@) (@20 — 020)

g}?]{f} (9uFe — @ Pu) + 95"3}{‘172] {Tpfht- = ':l‘t-'.i‘"i"#]] tn(Pn) T
17

(p(pp)| 15 d | nlpa))
P(pp)l 10w d | n(pn))

_l_




Neutron [3 decay &9

THEORY: SM

Weinberg'58:
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Angular/Energy distribution T
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Angular/Energy distribution —éf
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What do we know about S/ T from other low-E exp.?
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What do we know about S/T from other low-E exp.?

O Pion decay R M

P

m Strong limits on the flavor structure of Ep:

5
Beor) o4 €
e -F Bl

2 2 2 IFyy of » . .
[(1 o ﬂu,ﬂ;;') i (Lh,!;:) 3 . ! ﬁlmi €p Eall = )by - fivysd
iy i "
M2

o 1‘4 be 1{_}_7 < E?__:‘i = 5*5 % 1{]—4 ) + gl )

% m S5, T generate P through loops: —1.4 % 10=7 _ " _ 5.5 % 10~4
P (Voloshin™2, Campbell-Maybury'()3) log(A /) = Ygp L3 TR log(A/ )
2 _ 1501 . oo 1074
uﬁi YspP oy oixl
L) |r #
*RH neutrinos can also make the job NP W —mem — ey —T.3 % 1079

2

(Herczeg'94)
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