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Outline

O Introduction and motivation;

O New Physics searches in beta decays:
= New form factors;
= Phenomenology;

O LHC searches;

[Cirigliano, MGA & Jenkins’2010]

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

[MGA & Naviliat-Cuncic’2013]

[MGA & Martin Camalich (in preparation)]
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M. Gonzalez-Alonso B decays in the LHC era



Motivation

O Very precise measurements available in nuclear/neutron beta decay (errors ~ 0.1%);
A new generation will improve them substantially!

4 p )

O Very precise theoretical SM-calculations (errors < 0.1%);

= Goal of these experiments:
extract SM parameters (V;), and/or search for New Physics! g e J

Questions:

Competitive with NP searches in pion decays?

The LHC 1s here!

General analysis beyond specific NP models:
EFT approach!

M. Gonzalez-Alonso B decays in the LHC era
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Motivation

Model-
independent
analysis
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Outline

O Introduction and motivation; V
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NP searches in beta decays *‘ﬂ

Lifetime;

Angular distributions;

Spectrum;

&Yu(Cv + Gy 5)vpan
—&7,75(Ca + Cyvs)vprursn+ He. | ¢ o
.g e(Cs + C{S"ﬁ)”ﬁ” + H.c. (;.052—
: é%(c’-” + Crs)v ﬁ%" LA st s
E 2 2 es0,
- [Jackson, Treiman & Wyld’1957] [Severijns, Beck & Naviliat-Cuncic,

Rev. Mod. Phys. 78 (2006), 991]

M. Gonzalez-Alonso B decays in the LHC era
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NP searches in beta decays

S '
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[Severijns & Naviliat-Cuncic, 2011]

M. Gonzalez-Alonso

B decays in the LHC era



NP searches in beta decays *‘kf:

O To allow comparison with e.g. pion decays: eff. Lagrangian at the quark level!

4G FV;;

Lout—5, = — 7 by - aytdp + Y | E,,I‘u-z‘/,Fdo-]
poll

0 CRUCIAL DETAIL: We need the form factors!!!!

C. = (Form factor) x ¢,

Hadronic-level parameter Hadronization Quark-level
(from experiment/th) (from lattice/th) parameter

M. Gonzalez-Alonso B decays in the LHC era




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

Weinberg’58:

(p(pp)| @yud | n(pn))

(p(pp)| Wyuysd | n(pn))

tp(pp)

v (q°) Y +

9a(®) vt

~

gs(q®)

§T(V) (q2)
IMn Qu] Unp (pn)

2Mpn

g +

ap(q)

& >
QT(A)(Q ) v
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Form factors in 3 decay (SM)

Weinberg '58: Related to Mp L, (up to isospin breaking corr.)

<p(pp)| ﬂ“/’ud l n(l)n)) = ﬂp(pp) Tu ‘|‘ DM O'p,uq e %p] Up pn)

gv(o)=1 (Ademollo-Gatto’64)

i N FRa(d’) — IR
(p(pp)l wyuysd | n(pn)) = Up(pp) 'Wr%&ﬁ o [P5tn (Pn)

g,(0) 22?

<

Linear expansion in the small
quantities: o ApM ¢

Therefore:

0,, =0,(G;V,;,84)
50, ~107 =107




Form factors in 3 decay (bSM)

Once we go beyond the SM...

<p(pp)| ud|n(p,)) = QS(QQ) z_p(pp) Un (Pn)
(p(pp)l @ysd|n(pn)) = 9r(q*) Tp(pp) Vs Un(pn)
@(pp” woy d n(pn)) = tp(pp) (1)(12) (O — )

+ gT)((IQ (qupv - QVP;L) T g JT ( ) ( /u?j - Ai'/l/¢ﬁi'ﬂ)] un(pn)

[Weinberg’58]

Linear expansion in the small
quantities:
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Form factors in 3 decay (bSM)

Once we go beyond the SM...

(p(pp)lad|n(pn)) =

Up (pp) Un (p n )

- - 2
77 - vy
o) a0 d|n(pn)) = ay(rp) ol + Bt
+ . q |D

[Weinberg 58]

Linear expansion in the small

quantities: In summary, we have 2
new form factors:

Egs(q2 =0)
81 EgT(q2 =0)




Form factors in 3 decay

How well do we know g¢ and g,?

O Before 2011, we knew very little...  0.25 <g <1.00 [Adleretal "1975]
0.60 <g,<2.30 (quark model)

O Recently, much more activity:

o PNDME Coll. (October 2011) g=1.0535)  £,=0.80(40)

v (average)
(Bhattacharya, Cohen, Gupta, Joseph, Lin)
o LHPC Coll. (June 2012) gs=1.08(32)  g;=1.04(02)
(Green, Negele, Pochinsky, Syritsyn, Engelhardt, Krieg)
O PNDME Coll. (July 2013) g.=0.66(24) g.=1.09(05)
0 MGA & Martin Camalich (Sept 2013): g.=1.04(13)

[preliminary]

M. Gonzalez-Alonso B decays in the LHC era




Form factors in 3 decay

[MGA & Martin Camalich, Sept 2013]

0y, (uyHd) = —i(mgq — my)ud

S
S
.E
=
@
»
O
-




Form factors in 3 decay

[MGA & Martin Camalich, Sept 2013]

0y, (uyHd) = —i(mgq — my)ud

Isospin splitting in the nucleon

(M, -M,) =1.2933322(4) MeV

exp

.g M, -M, = (M“ _MP)QCD +(M“ _MP)QED
= i
E md = mu




Form factors in 3 decay

[MGA & Martin Camalich, Sept 2013]

— 2 n
1 L ‘ i \
0
Isospin splitting in the nucleon 1 L LE;' u
(Mn—Mp) =1.2933322(4) MeV e —2r
exp % —3 =
Mn—Mp=(Mn—Mp)QCD+(Mn—Mp)QED S —4f 2
_5 L Q
—6 | @3 total :
T mQCD &
—8 + m@m QED §
_ g L e exp. )

AMy




Form factors in 3 decay

[MGA & Martin Camalich, Sept 2013]

Isospin splitting in the nucleon Recent calculations!!!
I I 1 I T I 1 I T I 1 I 1 I T I 1 I I
(M, - Mp)exp =12933322(4) MeV - N—
M, -M, = (Mn - Mp)QCD + (Mn - Mp)QED ; = ; NPLQCD'07
| = | QCDSF-UKQCD'12
e STY-PACS'12
: 8 : RM123'13
- BMW'13
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Form factors in 3 decay

Isospin splitting in the nucleon

[MGA & Martin Camalich, Sept 2013]

Recent calculations!!!

(Mn -Mp) =1.2933322(4) MeV

exp

M, -M, = (Mn —Mp)

+(M, -M, )

ocD QED

gs=1.08(32)
95=0.66(24)

1 I T

I

L

WLCM'12

NPLQCD’07

| acDSF-ukacp'12
STY-PACS'12
RM123'13
BMW'13

CVC-LHPC’12
CVC-PNDME’13

m, —m, = 248(25) MeV
[FLAG working group of FLAVIANET]
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Form factors in 3 decay

Isospin splitting in the nucleon

(Mn -Mp) =1.2933322(4) MeV

exp

M, -M, = (Mn —Mp)

+(M, -M, )

QoCD

m, —m, = 248(25) MeV
[FLAG working group of FLAVIANET]

QED

[MGA & Martin Camalich, Sept 2013]

L

| =) : WLCM'12

| = | NPLQCD'07

| = | QCDSF-UKQCD'12

F——a— STY-PACS’12

: 8 : RM123'13

—=—] BMW'13
Our average

(M, -M,) = 2.58(18) MeV

P/ocp

| 1 | I | ) | I | ! | ) | L ] I |

0 l 0.5 1 1.5 2 2:5 ) 3.8 4 4.SI 5]
(MM ) oep [MeV]



Form factors in 3 decay

Isospin splitting in the nucleon

(Mn —Mp) =1.2933322(4) MeV

exp

M, -M, = (Mn —Mp)

+(M, -M, )

QoCD

m, —m, = 248(25) MeV
[FLAG working group of FLAVIANET]

QED

[MGA & Martin Camalich, Sept 2013]

(T)onry = 1.04(13)

g=1.08(32) LHPC Coll.
2.~0.66(24) PNDME Coll.

L L L

| =) : WLCM'12

| = | NPLQCD'07

| = | QCDSF-UKQCD'12

F——a— STY-PACS’12

: 8 : RM123'13

—=—] BMW'13
Our average

(M, -M,) = 2.58(18) MeV

P/oco

| 1 | I | ) | I ] ! | ) | L ] I |

0 l 0.5 1 1.5 2 2:5 ) 3.8 4 4.5 | 5]
(MM ) oep [MeV]



Form factors in 3 decay

[MGA & Martin Camalich, Sept 2013]

g, =1.04(13)

Do =348(11)
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Form factors in 3 decay

[MGA & Martin Camalich, Sept 2013]

g, =1.04(13)

L =348(11)

O The effect of a pseudo-scalar interaction on 3 decays is not so negligible as
traditionally thought:

O NP: & ~ My /My, ~107

O P bilinear ~g/M~10%;  (p(0p)la@vsdin(pa)) = 9p(ap(pp)r5tn (P2
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“since the nucleons are treated nonrelativistically,

the pseudoscalar couplings are omitted”
[Jackson, Treiman & Wyld, 1957]




Form factors in 3 decay

[MGA & Martin Camalich, Sept 2013]

g, =1.04(13)

+M
_ : _ B —
0y, (uy*sd) = i(mg + my,)uysd Q = —— g, =348(11)

O The effect of a pseudo-scalar interaction on 3 decays is not so negligible as
traditionally thought:

O NP: & ~ My /My, ~107

O P bilinear ~ ¢/M ~1073; (p(pp)|uvsd|n(py)) = QP(QQ)ﬂp(Pp)’YE)Un (D5
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But... the bounds on ¢, from pion
decays are much more strong!!!

[ o L Ha—ev) QR;M(I__

T Ha—uw)




New physics
In 3 decay
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Low-energy searches < *‘ﬂ

£ ~ +ea)=AV=2) +r(V-AV+A) +a(V+AV —A)+er(V+AV+A)

+€s Lepton §§ Quark —ep(S—-P) P +és(S+P) S —ép(S+P) P
+ er| current | current §s) + e (T + Ts)(T — Ts)

0 Hadronization = Form factors!

O Option 1: keep all terms and do a global fit.  /Severijns, Beck & Naviliat-Cuncic,
Rev. Mod. Phys. 78 (2006), 991]

[Cirigliano, MGA & Graesser,
O Option 2: identify main sensitivities. JHEP 02 (2013), 046]

M. Gonzalez-Alonso B decays in the LHC era




Low-energy searches 2 *‘ﬁ

L ~ (I4e)(V-AWV-A) +er(V-AWV+AR+ec(V+AWV -A)+ep(V+ANV+A

+es(S—P) S : +és(S+P) S —~Eplb 1+ P P
-+ ET(T — T’ys)(T + T’)’s) 3

= 2
[Small effect = weaker bounds]
0 Hadronization =» Form factors!

O Option 1: keep all terms and do a global fit.  /Severijns, Beck & Naviliat-Cuncic,
Rev. Mod. Phys. 78 (2006), 991]
[Cirigliano, MGA & Graesser,
JHEP 02 (2013), 046]
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Neutron 3 decay bSM >< “*{

After hadronization and at order £2...

—'ﬁGFVud (1 = B e GR) |:€L'Yu1/L '1_7('7“ = gA’Y“’YS)n

+ g5 €5 ERVL -Pn + 2 & €T EROWVL - P me’]

84 = )l @ysd | n(pn))

gA ~ gA(l . 251?)
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Neutron 3 decay bSM >< “*{

After hadronization and at order £2...

£11—-*pe_l‘/,3 — _ﬁGFVudeL’hLUL 'ﬁ(’yu - gAfY“'75)n

Lifetime shift =»
CKM unitarity

2+ |Vus|2 & IVub|2 -1=(0.120.6)- 107 ]

Vud

[

g, +&, 5107
A, >11TeV (90%CL)
Cirigliano, MGA & Jenkins’2010:
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Better than colliders!




Neutron 3 decay bSM >< %

After hadronization and at order £2...

En—»pe_ﬁe — —\/iGFVud (1 + = + ER) éL'YuVL i ]3(’)/“ _ gA 7“75)72’

+ I/L -pn + 2 a,wuL .po'NVnL]
S and T affect the angular distributions
and the spectrum!!

dl'(J) Me pe J
dEedchQng(E){l-*-aEeEu bE +AE J+(B+bB %)

UJ|'U

5

0.3 g8 68 — 5.0 gy <y

S
S
-E
=
@
»
O
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0.1gses — 0.3 gr er




Nuclear . e
Neutron 3 decay bSM < *‘*{

En—»pe‘ Ve

+ g5 €s €eRvL -pn + 28 €T EROuWVL -pa‘“’nL]
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Nuclear . e
Neutron 3 decay bSM < *‘*{
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Current limits on S & T from low-E:

P(140)/P4(1°C) (Carnoy et al.”1991)

Car G5

22 7
001 // iz
o..,t.w_./ .
001 4
002 ) /

o

Superallowed nuclear B decays (bg.)

30901 Hardy-Towner 2009

I b = 30.004
3080 3
3070} ¥

306075 20 25 30 35
Z of daughter

7t(s)

-00218 :
-0.003 -0.002 -0.001 0.000 0.001 0.002 0.003
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P(140)/P4(1°C) (Carnoy et al.”1991)

Cs+ Cs

/

ANy

o /

W
003 002 001 000 001 002 083
Cpe Gy
cA

Superallowed nuclear B decays (bg.)

30901 Hardy-Towner 2009

b = 30.004

5 10 15 20 25 30 35
Z of daughter

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

2—0.601 0.000 0.001 0.002 0.003

€7

Radiative pion decay (PIBETA 2009)
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L
=
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=f B June'2013:

§ wf fT=°-24(f‘) A global fit of nuclear and neutron beta

1 R; (Mateu & Fortoles, 2007} decay data improves the bound on ;.
i T s O O | [Wauters, Garcia & Hong, 2013]

. 2
A=QE/m )sin"(©,, /2)

T —>evy




Current limits on S & T from low-E:

0.02F
001}
g 0.00
Superallowed nuclear B decays (by.)
30901 Hardy-Towner 2009
- -0.01§
e 10 15 20 25 30 35
Z of daughter —002 [

Radiative pion decay (PIBETA2009)

‘ f;=0.24(4)
- (Mateu & Portolés, 2007)

Bychkov et al, 2007
1 1 1

02 04 06 0s
A=( Zhrllnx)x'ln‘((-)q 2)

T —>evy

] |
002 —0.001 0.000 0.001

€r

0002 0003
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Fu

Ture

Currerit limits on S & T from low-E:

Futu

‘ 08

re neutron decay

Superallowed nuclear B decays (by.)

30901

30801

7t(s)

30701

3060

Hardy-Towner 2009

b = $0.004

T

Number of events

5 10 15 20 25 30 35
Z of daughter

T T T T L BNt |

{ —— Simulation
e Data

Bychkov et al, 2007

1 1 1 1 1
o 02 04 0.6 08 1

s |
A=(2E /m_)sin ©,,72)

T —>evy

Radiative pion decay (PIBETA2009)

f.=0.24(4)
(Mateu & Portolés, 2007)

0.02F

001t

0.00

-001¢

-0.02§
—00e

907 —0.001 0000 0001 0002 0003

€r



Future
Currerit limits on S & T from low-E:

Future neutron decay 002F

¢ os——

001t

& 0.00

Superallowed nuclear B decays (by.)

30901 Hardy-Towner 2009

-001¢

30801

7t(s)

30701

3060

5 10 15 20 25 30 35

Z of daughter —002 L

0001 0002 0003

< —000>— 907 —0.001 0.8
=
E Radiative pion decay (PIBETA2009)
) ‘
)
O g by from da(*He)~10-
i : f,=0.24(4) @y @

| (Mateu & Portolés, 2007) ” ]

‘ 200 ” Bychkov et al, 2007 ®He . 6He .

v A:((?Eclmx).\'iong((-)q Il;m l l l
oLi @ Li@ v

T —>evy




Current NP bounds from low-energy searches: Summary

CKM unitarity tests 6600‘39
BEAEAEETTTS S
X 000 .\oo
ZQ oé ¢
N &
1
es| | ler]

Low energy

)

_Ix—ev)

* Pion decay (R,) also very powerful! % I‘( T — MV)

M. Gonzalez-Alonso B decays in the LHC era




Current NP bounds from low-energy searches: Summary

Ha—=ev) po 1—5%)]

CKM unitarity tests oY
8¢
[Vud V4V P -1=(0.10.6) 10-3} \e’é& 600’6“
X 000 .\oo
2° oé’Q
Q &
es| | ler]

Low energy

ler] | ler| §
0.05 | 0.05 ] 0.06

Low energy

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




Outline

O Introduction and motivation; V

O New Physics searches in beta decays: \/
= New form factors;
= Phenomenology;

O LHC searches;

[Cirigliano, MGA & Jenkins’2010]

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

[MGA & Naviliat-Cuncic’2013]

[MGA & Martin Camalich (in preparation)]

M. Gonzalez-Alonso B decays in the LHC era




What about the LHC?

O These new particles would affect the pp collisions!

O S,T: In principle low-E experiments are favored (interference ~ m/E), but the LHC
1s powerful...

O There are 2 possible scenarios here:

» The new particles are too heavy to be produced at the LHC
=> EFT approach still OK!
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» The new particles can be produced at the LHC
=>» Model dependent!

M. Gonzalez-Alonso B decays in the LHC era



The high-energy Effective Lagrangian

L “" (x) = L(SM-fields, bSM-fields)

D D [Buchmiiller-Wyler 1986,
Leung et al. "1986]
1
ff.

(Ln (-3 a,-‘“o,-(”’(x))

-L cons.;

-B cons.;

S
©
IE
E
]
n - Flavor sym.;
O

e

M. Gonzalez-Alonso B decays in the LHC era



The high-energy Effective Lagrangian

w ~1TeV SM |
>lwv< >‘< ° Lepy. = Lsm + anioi

[Cirigliano, MGA, Jenkins 2010,
Cirigliano, MGA, Graesser '2012]
1GrVy | ;
J — | By =
>< X Ligut-5, = — /2 by, - uytdL + Z €15 'y - ul'ds
L pol’
~ GeV

J {
P A

M. Gonzalez-Alonso B decays in the LHC era
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Effective Lagrangians

O Ustw ¢ Z ‘
o w ;>d>fuwv<vz>d><v81,e

O,y = i(pY €D, ) (T d) + h.c.

eYu(1 —y5)ve - " (1 + 5)d

m LHC searches ﬁ |OC‘ <... ﬁ ‘8‘ <...

M. Gonzalez-Alonso B decays in the LHC era




SM background NP (EFT)

+ RC. 4+

C 3 CMS Experiment at LHC, CERN
Data recorded: Wed Sep 21 11:35:51 CEST
: Run{Even}: 176841 / 213192769 CMS Experiment at LHC, CERN
§ Lumi section: 189 Data recorded: Wed Sep 21 11:35:51 2011 CEST

Orbit/Crossing: 49420229 / 1640 Run/Event: 176841/ 213192769
Lumi section: 189

Orbit/Crossing: 49420229 / 1640

Electron ET: 799.5 GeV

Electron pt: 799.5 GeV

l

pfMet: 822.2 GeV

Each event can be characterized by the
“transverse mass”

-
©
45
B
o
n
O
=

mp = \/‘.ZE‘T'E%(l — 08 A, )




SM background

- >ww< + RC. + |

[CTEQ6M]
[@LO in QCD]

.........




SM background NP (EFT)

w
>vvw<+R.C +

2 2 2 7
p_,evx(mT >mT,cu,) =@ 2 L 5% (O’W PO Ee A @5 sT)

S10°F |

o - = ofb) [0
0104 — W :

g -leosons i IOS_R

0n10° . e

"E . == ovy-n

Q : B wuitijet

Lﬁ102 : = 1000 -

® Data
10 his e W' (m, =23 TeV)
|
- = Background Prediction

10 -
10" P [CTEQ6M]
102 ; ., [@LOin QcD]
| ‘OI.()' I '018’ ‘

500 00

(CMS 5 b, 7 TeV)




SM background NP (EFT)

w
>vvw<+R.C +

~ = Background Prediction -

0.02
210°
&)
o w !
N1 04 - Dibosons .
ik w = 001 5 fb! (7 TeV)
c . = oy ;
[0) L B wuitijet
Lﬁ1 02 q B v vets :
10 I - : — W (m, =23 TeV) : £ S 0.00
1 g -001
10 F
2 §
10 . 5 Low-E
500 00 -0.02

-0.004 -0.002  0.000 0.002 0.004

(CMS 5 b, 7 TeV) &




SM background

+ RC. 4+

2 2 2 2 2 >
Npp_,evx(mT >mT,cu,) =ex L xo0, (mT >mT,cu,) =egx L x (O’W +0, &g + O sT)

—evX

0.02
210°
o —_— Wopuv
o = wow
N1 04 B oibosons i
51 o° B o ! 0.01 5 fb'! (7 TeV)
c : —_ DY—:II ;
Q107 i, = peis
W R ot - oo 1 8 TeV)
1 0 > : e W'(m, =2.3TeV) : 85 2
, ~ = Background Prediction -
1 thil H
1 E -001
10 F
2 §
10 g Low-E
500 00 -0.02

-0.004 -0.002  0.000 0.002 0.004
gT




LHC limits on &g ;

Impact of the new determination of the scalar FF using CVC and AM,?

| PNDME’13 g2,=0.66(24)

1]

m

=)
'\
I
P
~
w

-0.01 -0.005 0 0.005 0.01 0.015

M. Gonzalez-Alonso B decays in the LHC era




LHC limits on &g ;

Impact of the new determination of the scalar FF using CVC and AM,?

| =) : PNDME’13 g2,=0.66(24)
| = | CVC+ AMycp g.=1.04(13)
[MGA & Martin Camalich, 2013] [preliminary]
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What about the other €, ?

o(mr >mr) = aw[(1+e )2 +|EL|’~’+|GR|] aaw ,e( (1+€”)
+ @ |€r|* + |e(")| ] ‘Iq;l? + Iesl2 + |ep|® + |€P|2]
+ @Dlerl* + el |

rrrrrrrrrrrrrrrrrrr

o (fb)

105 =

1000 -

10}

[@ LO in QCD]

nnnnnnnnnnnnnnnnnnnn

0.

—

S
S
.E
=
@
»
O
-

mT,cut (TeV)

[Cirigliano, MGA & Graesser, 2012]
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What about the other €,?

L ..‘lll...:‘ v _ '—\ c v
o(mr >mr) = iow} [(1 + 7)Y+ |&P + |eR|2] - Q\JWL}GP (1 - eg))
aan® ,
+ 2Rl + 1€ ] 4O Yles® + [esl? + lep[* + [ép]?

26

offb) [——_ "~ "7 T T T T

105 s

1000

10 1

[@ LO in QCD]
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0.

—

-
®
£
£
@
n
O
-

mT,cut (TeV)

[Cirigliano, MGA & Graesser, 2012]
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What about the other €,?

L ..‘---.,.:‘ v ~ '—\ &
o(mr >mr) = iowi|(1+ ei ))2'+ 1€L]® + |er|* | — Aow < 1 + eg)
taans® | \_,
+ @) [enl® + 16| ) sl + [esl? + lepl? + [ep ]
+ @D lerl? + |5T|2] ,

offb) [——_ "~ "7 T T T T

105 s

1000

10 1

[@ LO in QCD]

....................

0.

—

-
®
£
£
@
n
O
-

mT,cut (TeV)

[Cirigliano, MGA & Graesser, 2012]
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@
B decays vs. the LHC ‘o

o X,

€L R
Low energy 0.05 0.05 0.05
LHC (ev)
Interesting
competition®
ec| | lér] | l€p| | l€s| | lér]
Low energy | 6 6 |0.03] 14 | 3.0 |x107
LHC (ev) | | | | x 1072

*If the neutrino is an electron neutrino...

M. Gonzalez-Alonso B decays in the LHC era
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Low energy dominates! Interesting
competition®

LHC dominates!

*If the neutrino is an electron neutrino...
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Beyond the pp —evx channel

O Using SU(2) gauge invariance. ..

% I:> pp e+ MET + X

\ + =
shpn= -
Better than the LHC probing

V/A interactions, but not
better than CKM unitarity!

[Cirigliano, MGA & Jenkins’2010]




Beyond the pp —evx channel

O Using SU(2) gauge invariance. ..

002 I

‘5 CMS \s=7TeV ILd!:S.Ofb" 1 fb1 (7 TeV)
= A el 5 fb-! (7 TeV)
E I ti + other prompt leptons et . 15 fb-1 (8 TeV)
q, [ jets (data) ﬁ Vd \
2 gltz‘xscliz:tector res E S 0_()(" ! \ Low-E
S : [ LN . bound
No events with \ [,
™ d
> s o 3o
m,>1.35 TeV oan [Cirigliano, MGA
& Graesser’2012]
rri] 1 ' (il o -0.004 -0.002 ()l;l)(l 0.002 0.004
70 100 200 300 1000 2000 €
m(ee) [GeV] T




Beyond the pp —evx channel

O Using SU(2) gauge invariance. ..

1 b1 (7 TeV)

5 tb-! (7 TeV)
. 15 tb! (8 TeV)
©
=
5
n 001 [Cirigliano, MGA &
(&) :
= Low-E Graesser’2012]
o -0.02 [ -0.02 I

-0.004 -0.002 0.000 0.002 0.004 ~0.004 ~0.002 0000 0.002 0.004
Er Er
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Conclusions

» [} decay are sensitive to TeV physics!
Intense experimental activity worldwide;

Intense theoretical activity (form factors);

» Connecting high- and low-E probes: EFT approach (heavy mediators).
S,T: The LHC is catching up fast!!

Interesting competition in the future. 0.02
_ . . . neutron
Best probe for interactions involving (future)
RH neutrinos. 001
‘nuclei
» Both LHC & low-energy searches needed to 3 ool B \LHC
get a complete picture. &£
» Needless to say, this interplay becomes Uil
much more interesting if we see a NP signal! ,
pion
~0.02 |
~-0.004 -0.002 0000 0.002 0.004
Re(er)
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Effective Lagrangians at the weak scale

L <" (x) = Lgy (%) +% L (x) (Lﬁ(x) = 2250:,.0, (x))

IFIC seminar

M. Gonzalez-Alonso B decays in the LHC era /123



CKM tests vs. HEP S

—i(htD"0%0)(17,0%) +h.c.,
=i(p! D*0%p)(gy,.0%) +h.c.

IFIC seminar
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Angular/Energy distribution ~ €%

dr'(J) iy ( N me\ pe J m,
dE.dQ.dq, ~ @ (1 +bEc) .) E. E) £t (B Tl -0,
b ~ 03Ases — 5.0 Ar er Neutron B decay
bs—b & BlhaEs — 08 e experimentalists
language
o.oogj(fEr) N+ - N_
- AP(E) = ——=
(Ee) NS + N&

0.0002 -

-
©
45
B
o
n
O
=

—~0.0002 -

—-0.0004 -




Limits from leptonic pion decays

e,[<107 =107

O Piondecay p _ [z —ev)
TN —uv) ‘es‘ <107 -10""

= Strong limits on the flavor structure of ¢;:

§ w S, T generate P through loops:

= S ’ < Ysp€s * YrPe€r < —Fr7
qE, (Voloshin’92, Campbell-Maybury’05)§ " log(A/p) ’ log(A/ )
)

3} — ;_g% ~ 6.7 x 1074

T

- *RH neutrinos can also make the job Yrp = _2o3  doos ~ —7.3x 1072

2w 2w

(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

0.006}
= 14 TeV, 10 fb'l;
0.004}
= 14 TeV, 300 fbl;
CS) 0.002+
0.000
Comment: I
Sizable QCD running of &g q:
e(u=2GeV)=1.79 ¢, (u=1TeV) _0.004}

e, (u=2GeV) =083 ¢,(u=1TeV)

4 \ Neptron decay +

il I nug¢lear decays
ule ) \ I
o N

HC @ 14 TeV

—-0.0010 —0.0005 0.0000 0.0005 0.0010

€T

M. Gonzalez-Alonso

B decays in the LHC era



Scalar resonance

2 0 L e
: @ 10° — Owiso)
O What if we see a bump? EFT breaks down... 10° pp =€V Ew{mig
TOY model: scalar resonance: ]g: z
102 leosoné
s = )\SVudq§+ﬂd+ NO ePru, "1’ :
10" é
e 10° '
5 3 m; [GeV]
0O Then we have a lower-limit value for €4:
1
L(r) = [, dxfy(2) fo(T/2) /@
= m?/s
,02
0020 —m8 65:2)\5)\1—-2-
0.010 g s / ] m
——= =] fb -
— 0.005} [==== 0=051b ARG
© ”f" """"" = .
45 oy 0002 e e ! Nice interplay of two
E S A -
E, " 0001} o e experiments separated for so
8 Sx107 e e : many orders of magnitudes!!!!
E 2x10—4_ ...........
o X107 55 4 26 28 30
m(TeV) [T. Battacharya et al., 2012]
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