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Motivation & goals
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O Very precise measurements in some low-energy experiments :
(errors ~ 0.1%); =1y,
O Very precise theoretical (th+lat) SM-calculations for these K —mlv,
processes (errors < 0.1%); K* =",
n decay
< Not only useful to extract SM parameters (V;) but also to
search for New Physics! =
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Outline

O Introduction and motivation; V
O EFT approach;
O Low-energy bounds:

0 LHC bounds.

Cirigliano, MGA & Jenkins’2010

Bhattacharya, Cirigliano, Cohen, Filipuzzi, MGA, Graesser, Gupta, Lin’2012
Cirigliano, MGA & Graesser’2012

Abele, MGA, Pitschmann, Ramsey-Musolf (in preparation)

M. Gonzalez-Alonso B decays vs. the LHC




The eff. Lagrangian for E~100 GeV

> .......... < ol 4l NP L""(x) = L(SM-fields, bSM-fields)
[Buchmiiller-Wyler 1986,

“ H lr l l Leung et al.’1986]
>< 0.1-1.0GevV | sMm L (x) = L, (%) +;—1;!<)+%L6(x)+,,,

(L,, (-3 a,.(“o,-‘"’(x))

EFFECTIVE LAGRANGIAN
11
Particles + Symmetries

~ GeV Fermi
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The eff. Lagrangian for E~1 GeV

>/VV\I< 01-10Gev | SM L (x) = Low (%) +% Ls (x)

(L6<x)=2a,0. (x))

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

AGrV:: | - _
i Cryuv - uyHdL + Z 655 'y - uFd5]
péT

Lo sl = Y
—ul " vy
>< ~ GeV \/§
2
%
&= EC"O‘:‘A_z_l (v =174 GeV)
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Low-energy searches < *‘“

~ (I+e)(V-A(V-A) +er(V-AWV+A +eéL(V+A)(V —-A)+er(V+A)(V +A)

+eg(S—P) S —ep(S—P) P +ég(S+P) S _Zp(S1P) P
+er(T —Tvs)(T +Tvs) + ér(T +Ts)(T —Tys)

CKM 2012
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Low-energy searches 2 ““

~ (I4e)(V-AV -A) +ep(V-ANV+AR+e.(VHANV -A)+ep(V+ANV+A
+és(S+P) S —ép(S+P)P
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Low-energy searches < *‘“

(1+eL)(V-A)V = A) +eR(V AV +AR+ec(VHAV —A)+ep(VHA(V+A
+es(S—P) S : — +és(S+P) S —eép(S+P) P

(for n=pev, up to &2 terms)

Eff. Lagrangian at the hadron level

Lo_pe-p, = —V2CFVyq (1 +ern+ FR) ELVuVL -13(7“ = im”vs)n
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Low-energy searches < *‘“

Ly pe—p, = ﬁGFVudeL’YuI/L .13(7# o S\Avﬂvs)n

+ As €5 €RvL - pn + 2AT €T EROLL VL -pa‘“’nL]

Lifetime shift =»
CKM unitarity

+v. [ +V,[ -1=0.120.6) 107 J

ud

2]

g, +&, =510

A,, >11 TeV (90%CL)
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Marciano’2008
Cirigliano, MGA & Jenkins’2010
Bauman, Erler & Ramsey-Musolf’2012




Ly pe-v, = —\/§GFVud (1 + e + FR) leL’Yu’/L -]3(7“ — 5\,47“75)77,

S and T affect the angular distributions
and the spectrum!!
dr(J)
dE,dQ.dSQ,

Pe-Dy  ,Me  ,Ped Me) Py J
§(E){1+aECEV +bEc +AECJ+(B+bBEc)EVJ}

0.3 gs €8 — 9.0 grer
0.1 gses — 0.3 gr eT
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Form factors needed!




Low-energy searches: S & T

Radiative pion decay (PIBETA2009)

1200 ' ' T T T T 3 003 E°
{ —— Simulation
2 1000 . I >
Z o 3 -
§ - 3 f;=0.24(4) 002
8 3 (Mateu & Portolés, 2007)
4
. Bychkov et al, 2007 3
9 ‘”(J) 2 ulz ol,c ala 3 n‘ll : i 12 001
HIE.Im,)sin’(eq 12)
Superallowed nuclear 3 decays £
30901 Hardy-Towner 2009 S S - 7
- 3080} i 025<gs<100
(Adler’1975, Herczeg’2001)
e e R N N -0.02
Z of daughter
-0.03 F, . : :
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* Pion decay (R,) also very powerful! R = r(ﬂ,' —>eV)
JT
**Other nuclear decays getting close... F(-TU Ed MV)




Low-energy searches: S & T

Radiative pion decay (PIBETA2009)
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Low-energy searches: S & T

Radiative pion decay (PIBETA2009)
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Low-energy searches: S & T

Radiative pion decay (PIBETA2009)

T T T T T 0.03
- — } —— Simulation i
i coad] - * Data [
- f:=0.24(4) 0.02
1« (Mateu & Portolés, 2007)
4 o | Bychkov et al, 2007
9 : (l) 011 Oll 010 ﬂll : 2 0.01
A=(2E /m )sin’(©, 12)
Superallowed nuclear (3 decays
30901 Hardy-Towner 2009
- 3080} rs
Rler’1975, Herczeg’200
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Z of daughter
N Future neutron decay exp.
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E 06 o flipper on T
x £
(& | i LATTICE QCD!!
1 PNDME Coll.:
00 I Bhattacharya, S. Cohen, R. Gupta, A. Joseph, H.W. Lin

L zt;ocmm'séo w w  b=0.3gges—5.0g;¢;
bV - b ~ 0.1 gs ES = 0-3 gr &t

0s=1.05(35) g+=0.8(4)
(Bhattacharya et al.”2012)




NP bounds from low-energy searches

CKM unitarity tests 6@"&6
[IVud |2 e |Vus|2 i |Vub|2 -1= (Ol * 06) 10-3 ] \QQ(Q 6@0®*
S 3o©
2° é.Q
A
es| | ler]

Low energy

Low energy 5 | 6 | 0.03 | — | x10®
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NP bounds from low-energy searches

e e

CKM unitarity tests N
Nl
[IVud |2 e |Vus|2 i |Vub|2 -1= (Ol * 06) 10-3 ] \QQ(Q 6@0®*
x (\\)o ’\O(\
2° é.Q
Q i
les| | ler|

Low energy

x 102

Low energy

CKM 2012
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NP bounds from low-energy searches

g DT =ev) o) o
T Na—oupv) m, =
CKM unitarity tests 6“"&\‘
[Vud w4V, [ -1=(0.1206) 107 ] e’b& 6,ac,@‘*
o®
8¢
x 102
x 102

CKM 2012
T
T

Neutron/nuclear beta decays (angular distributions, spectra, ...)
[Severijns, Beck & Naviliat-Cuncic’2006]
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B piboson

[ TTuets+SingleTop
J Ldt=1.03fb" —
\s=7TeV - ::
W —=ev —
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LHC limits on €g ¢

CMS Experiment at LHC, CERN C i CMS Experiment at LHC, CERN
Data recorded: Wed Sep 21 11:35:51 2011 CEST i Data recorded: Wed Sep 21 11:35:51 CEST
Run/Event: 176841 / 213192769 Run/Event: 176841 / 213192769
Lumi section: 189 § Lumi section: 189
Orbit/Crossing: 49420229 / 1640 Orbit/Crossing: 49420229 / 1640
-
Electron pt: 799.5 GeV 7 <) Electron ET: 799.5 GeV

pfMet: 822.2 GeV

pfMet: 822.2 GeV

\
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2 2 D 2
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2 2 2 2
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[Cirigliano, MGA & Graesser, 2012]
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B decays vs. the LHC

e

€r|
Low energy 0.05 0.05 0.05
LHC (ev)
Interesting
competition
€| | €r| | l€p| | l€s| | l€r]
Low energy | 6 6 |0.03] 14 | 3.0 [x10?
LHC (ev) x 1072

M. Gonzalez-Alonso

B decays vs. the LHC
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Low energy dominates! Interesting
competition

LHC dominates!
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Beyond the pp —evX channel

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

0.02 0.02

1 fb-1 (7 TeV)
5 fb-1 (7 TeV) 0.01
15 fb-! (8 TeV)

001

€5 000

0.00

- Cirigliano, MGA &
Graesser, 2012

| I
-0.004 -0.002 0.000 0.002 0.004 -0.004 ~0.002 0000 0.002 0.004
Er €r

Low-E

-0.02
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What if we see sth?

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

TOY model: scalar resonance:

L

)\SVudgb+ d + )\l(b ePrv,

0O Then we have a lower-limit value for €4:

0.020
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107 ‘ S "' e Damzort 5

6 Owso0) _J

0 7] Rl A

10° Owi000)
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102 E
10 =
1 E
10" 1
LT o ‘
my [GeV]
= [ daf,(x)fi(r/)/x
e s

2

€s = 2)\5)\1—2

m

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

(T. Battacharya et al., 2012)
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Conclusions be

» Connecting HEP and 3 decays: EFT approach (heavy mediators);

= [} decays are exploring the TeV scale!

» Both LHC & low-energy searches needed to get a complete picture.

0.008}
S 0.006} ]
= Needless to say, this interplay -
becomes way more 1nterest1ng lf 0.004¢ ar decays
: | - ﬂ
N we see a NP signal! & ool @ 14 ToV
oo
o 0.000
N
E ~0.002}
o —0.004} LHC@14TeV,10fb!
~00010 _ —00005 0.0000 0.0005 0.0010

Er
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Backup slides
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The eff. Lagrangian for E~1 GeV

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

= Beta decay: i

—u'ly,
A (V-A) o (V-A) (V+A) o (V-A) Y
1+ 8L)(uL7/Mdj )(lLtulL) T & (uRV“dj )(lLyuvlL)
Lert g’ (S-P) o (S+P) (S+P) e (S+P)
21 i (x) = +ep (Upd )y, ) + ex (U d)(v,,) = (015,
W
(T-T°) o (I-T)

\ +e, (0,0 d] ) (1, Vi) /

where... Vii - (1) = 2V [df,’]” 2 Vi [(A‘(*‘:E/)].jm = 2Vim [”’(: )]mn.;
Vij - [8R]ulj = —[Gy ]
Vij - [52]/“} = [”l/]
Vij [5;]111", = m [ ]ll/m
Vij [ST]IHJ . [ ]
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CKM tests vs. HEP

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

=i(ht D*a%p)(l7y,0°%) +h.c.,
=i(p' D*a%p)(q1.0%) +h.c.

CKM 2012
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Angular/Energy distribution wéﬁ

Ly pe—p. ~ ELVWVL -15(’7“ - Xﬂ“%)n + As €5 €pvr, - pn + 2T et €époyvr - poting

(spectrum) Angular distribution altered... and E-dependent!

dr'(J)
dE.dQ.d,

me f Me \ Pe * Py me peJ
~EE)Y[1+0D 1—b— All—-b = —
< )( i E) E) E.E, ( EC)E8J+

b ~ 0.3)\565 —5.0)\T€T
bp—b =~ 0.1Ases — 0.3 A\ e7

e N+ — N-
0,8
dl‘ T T T T , Aﬁ E e e
A ek (Ee) N + NZ

0.0002 -

CKM 2012
=~
S

L " I 1 " " L n 1
04 06 0.8 10 12

L]
02} ¢ - ~0.0002
L]

—0.0004 -

0’0 H A . A A
0 100 200 300 400 500




S & T bounds from low-E searches

(7 —ev)

o Piondecay p _

M7 —uv)

= Strong limits on the flavor structure of €;:

2 2 2
ee By ep By et
™ ) 25 (me €P> T (me GP) :|

B 2 2 Bt 2
_ Bo  pp ) L
€p ‘ #EP mHEP)

= S, T generate P through loops:
(Voloshin’92, Campbell-Maybury’05) < Ysp€s + Yyrper < ——m———
log(A/p) log(A/ )
-5 -3
;[ <107 -10 . y
g . YSP ﬁ_ ~ 6.7 x 10
eg[<107 =10 L.
el B ke & RV [

[ 2w 2

*RH neutrinos can also make the job (Herczeg’94)
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LHC limits on €g ¢

O EFT approach:

O Estimate of future bounds: B = -
assuming n=0 with m> 2.5(4.0) TeV / \\ SR reeay

0.006} CORREI) » J——-. ! + puclear

detays
= 14 TeV, 10 fb!; /o~ N\ y
N 0.004} Ay : ]
m 14 TeV, 300 fb'; LHC @ 14
& o0002f / Tev

0.000

Comment: 0002l
Sizable QCD running of &g ;:

e.(u=2GeV) =179 e, (u=1TeV) el

er(u=2GeV)=083 ¢, (u=1TeV) ~00010  —0.0005 0.0000 0.0005 0.0010
Er
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