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Nuclear B decays and LHC:

I
Fields + Symmetries

- nuclei, e, v; - Lorentz;
- : - QED;
R All terms
-u,d, e, v; - SU(2) x U(1); | >
allowed!

- Flavour sym.;
-B, L;

evu(Cv + Cyys)vpyun

—&7,75(Ca + Cyvs)vpyuysn + Hee.
e(Cs + Cgvys)vpn + H.c.

Cr + 0%75)1115&7’1, + H.c.

V2

ek (
V2




Outline

O Introduction and motivation;

O New Physics searches in beta decays:

= New form factors;
= NP bounds.

O LHC searches;

[Cirigliano, MGA & Jenkins, NPB830 (2010)]

[Bhattacharya, Cirigliano, Cohen, Filipuzzi, MGA, Graesser, Gupta, Lin, PRD85 (2012)]
[Cirigliano, MGA & Graesser, JHEP1302 (2013)]

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)]

[MGA & Martin Camalich, PRL112 (2014)]
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Motivation

Precise data

+

Precise SM predictions

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

_ _ 4 uestion:
&u(Cy + Ciyys)vpyun Q
- _ < i 9 9
~&7,75(Ca + Cyvs)vpyuysn + He. | € o Pion decays? LHC® ?
T41 |
0.1

e\/i(CTﬁ—CT’ys)Vp\/in{—H,c, 0.1"-0.0 c;cv 0.05 0.1

[Severijns, Beck &
[Jackson, Treiman & Wyld’1957] Naviliat-Cuncic’2006]
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NP searches in beta decays *‘b{}

O How to compare different nuclear beta decays? &u(Cv + Cy1s)vpyun
—&v,75(Ca + Cyvs)vpyuysn + Hee.

2 Effective Lagrangian at the hadron level!
é(Cs + Cgvys)vpn + H.c.

éUL;‘(CT + Clorys )2l + Hec.

V2 V2

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

Question: 7

How welldowe ™
know them?

. | Is that OK?
Hadronic-level parameter Hadronization Quark-level

(from experiment/th) (from lattice/th) parameter




NP searches in beta decays «bf:

Message:

Use the nucleon-level Lagrangian to compare among nuclear/
neutron experiments [no need to care about FFs at that level]
But translate your results to the quark-language to reach the
HEP community (pions, LHC, ...)

Message:
Form factors are very important!




Outline

O Introduction and motivation; V

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

O LHC searches;

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

[MGA & Martin Camalich, PRL112 (2014)]
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Form factors in B decay

<P ﬁ}’ud|”> — 2, =1

. SM (up to [AM/M]? effects)
<P uy“y5d|n> — £

ud\n )
<p ’ > 8s We don’t keep corrections...

37 2
-@M#;———g?— bSM e~ M, ~10° - %X8i~10-6

<p‘ﬁomd| n) — O

L s e e

Adler et al.’1975

i 2
(] MNP

(quark model) LN e * Direct lattice calculations; [R. Gupta’s talk]
PNDME 2011 1.05(35) 0.80(40)
(average) (& i‘VC - g r D
IBHIBE (1 1.08(32) 1.04(02) [MGA & Martin Camalich,

Phys. Rev. Lett. 112 (2014)]
PNDME 2013 0.66(24)* 1.09(05)*

*Not all systematics included in the error.




gds & the nucleon splitting

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




gds & the nucleon splitting

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

0y, (uyHd) = —i(mgq — my)ud
Isospin splitting in the nucleon

(Mn —Mp) = 1.2933322(4) MeV

exp

M, -M, =(Mn —Mp)

+(M, -M, )

0CD QED

It turns out lattice-QCD is being
calculating this recently!!!!

AM
Useful connection between two il
different Lattice efforts! 2
1 Lk
; 0 - Total QCD
ﬁ e E | QED
S _1 __ gp
—92 L
e B [BMW'13]




gds & the nucleon splitting

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

Direct Lattice determinations:
n Mp) g=1.08(32) LHPC Coll.

ocbD
8s = m, —m 4 0.91(13) 2=0.66(24) PNDME Coll.

u

(M, —MP)QCD = 228(25)(7)(9) MeV /BMI2013] AM,,
m, —m, = 2.48(25) MeV [FLAG 2013] 2
1 F
; 0 - Total QCD
§ e E | QED
N _1 __ gp
9 L
3 L [BMW'13]




gds & the nucleon splitting

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

Direct Lattice determinations:
g=1.08(32) LHPC Coll.
g,=0.66(24) PNDME Coll.

—Mp)

n

1.02(11)

g, = <2 =0.91(13)

u

(M, -M,) = 228Q25)(7)9) MeV /By 2013
0CD

— T T~ 1T T 1 "0 T 1T T T
my —m, = 2.43(25) MeV [FLAG 2013]

——e— wLem'12

| 5 | NPLQCD'07

| 1= | QCDSF-UkQcD'12
dy [Thomas et al’2014] (M,, _MP)QCD = 233(11) MeV —e— STY-PACS'12
A L = | :

AlFe™ te! : M, -M,) = 2.52(17)24) MeV ' = | A
obSOlete e ( " ")QCD S2(17)(24) Me —a— BMW'13
[Erben et al’2014] (M, —MP)QCD = 233(35) MeV : 1 | | : | : 1 1




gds & the nucleon splitting

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

0y, (uyHd) = —i(mgq — my)ud

¥

Direct Lattice determinations:
g=1.08(32) LHPC Coll.
g.=0.66(24) PNDME Coll.

(M, —MP)QCD
g, = ~0.91(13)
md _mu

1.02(11)

Message:
gq known at 10-15% using CVC

Direct calculations will become [More details:
competitive soon! R. Gupta’s talk]




Resuscitating the pseudoscalar interaction

[MGA & Martin Camalich,

Likewise... Phys. Rev. Lett. 112 (2014)]

M +M

nPo = 348(11)

Oy, (U vsd) = i(mg + my,)Uysd
m,+m,

Implications? It almost compensates the bilinear suppression!

O P bilinear ~ /M ~103;  (p(pp)|uvsd[n(pr)) = 9pr(qQup(pp)y5tn(py

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

Message: e [Jackson, Treiman & Wyld, 1957 ])

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




Outline

O Introduction and motivation; V

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

O LHC searches;

[Cirigliano, MGA & Jenkins, NPB830 (2010)]

[Bhattacharya, Cirigliano, Cohen, Filipuzzi, MGA, Graesser, Gupta, Lin, PRD85 (2012)]
[Cirigliano, MGA & Graesser, JHEP1302 (2013)]

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)]

[MGA & Martin Camalich, PRL112 (2014)]
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B decay Eff. Lagrangian >< *‘“

After hadronization and at order ...

En—)pe—ﬁe . _\/éGFVud (1 + Re (EL + €R)) [éL’y/.LVL ) ﬁ(’yy’ - §A7u75)n

+ gs €s ervr - Pn + 297 €T ErOL VL - POt VT&L}

gA ~ gA(]- — 2€R)
N —N'e*v ga = (pluy,ysd|n)

g R

8y —~ M8y
8s 7 Mp8s

84 > Msr8,
8r Mg, 8
\T GT T)




arXiv:0907.5386

I Lifetime shift =» V , shift I Fermi transitions! 0 0.23
[Talks by Hardy, Blank = - FlaviA V,, (0" = 0"
2 2 2 e & Svensson/ - \
[ Vo |Vus| e |Vub| -1=(0.1x0.6)-10 ] Muon decay! - WL
[Pocanics talk] L
Re(e, +&,) <5107 0225 | = N oty
L Vis (Ky)
A,, >11TeV (90%CL) .
Cirigliano, MGA & Jenkins, &
NPB830 (2010): [
%07 oo
Better than colliders! Vud




B decay Eff. Lagrangian .. ~ €%

After hadronization and at order ...

En—)pe—ﬁe - _ﬁGFVud(l + Re (EL o 6R)) [éL’)'p,VL ) ﬁ(’)’u - §A7u75)n

+ Q@RVL . pn + QQ@RGMVVL - pot ”nL]

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

dr'(J)
dE.dQ.dS,

Pe * Pv Me &i %&i
Ng(E){1+aEeEV +bEc +AE6J+(B+bBEe E,,J}

b

(

By = #eg+ #e;

v Direct effect in the SpeCtrum: " ,N l dl [Talks by Naviliat-Cuncic & Severijns]
“I: I'dE,

) W 20 300 400 %0

v’ Indirect effect in the asymmetries: § _ X [A, a, B, ... asymmetries]

1 + b(m/ E,)

v’ Indirect effect in the lifetime; /Hardy & Towner; 2009]




B decay Eff. Lagrangian -

0.3 — . 0.4 T 1

[Wichers et al. 1987,

- fansitions 03\ Carnoy et al, 1991]

il [Johnson et al. |1 963]
G
e, o

-0.11+

02}

1 [Severijns &
Naviliat-Cuncic, 2011]

+ Neutron
data

|

0
S
¢

=1 (Cs, Cr)

[Severijns et al.’2006,
Wauters, Garcia & Hong, 2013]

* Co Cpooo. EEE) 55,5

Global fit

Form
factors



Currentlimitson S & T from

low-E:

P(140)/P4(1°C) (Carnoy et al.”1991)

Ot Cs
Cy

Superallowed nuclear B decays (by.)

0.02 4

00

001
. -///////
00 {

-0.02 4

24

1/
0.01 0. 001

——————————

0.010

0.005

0.000

Re(es)

3090

A global fit of nuclear and neutron beta

Hardy-Towner 2009

b, = 50.004 —-0.005
%L ?ﬂ %/ ? :

5 10 15 20 25 30 35
-0.010

Z of daughter

decay data.
[Wauters, Garcia & Hong, 2013]

[Wauters " talk]

AAAAAA

Re(er)



Current limits on S & T from low-E:

T
14 10 s
P:('*0)/P4:('°C) (Carnoy et al.”1991)
cl:nz- //
001 £ Dd
‘0.02-‘ l/
-0.03 -0.02 -0.01 0.00 001 0.02 0.03
Cp Gy
cA
Superallowed nuclear B decays (bg.)
30901 Hardy-Towner 2009
I b = %0.004
Ol
™ 3070}
3060615 20 25 30 35
Z of daughter

0.002 0.003

A global fit of nuclear and neutron beta : — Simulaion
decay data. T —>evy ful
; ? Wb
[Wauters, Garcia & Hong, 2013] (PIBETA'2009) ;5 :
[Wauters ’talk] "’: ‘ Bychkov'et al, 2007

1 " 1 " 1 " 1 1
0 02 04 0s 08 1
A=(2E/m )sin"(©,, /2)




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

Future neutron decay
P — 0.010 N~
il pooron | g b< 10
: 0.005 "
< 0.000
Qf‘ L
-0.005 -
9060 570 15 20 25 30 35 i
Z of daughter —0010 ) | . 4009099
—-0.001 0.000 0.001 0.002 0.003
Re(er)

A global fit of nuclear and neutron beta

decay data.
[Wauters, Garcia & Hong, 2013]

[Wauters " talk]




Future
Cuprenit limits on S & T from

Future neutron decay

‘ 08 T T

Superallowed nuclear B decays (by.)

30901 Hardy-Towner 2009 [
e il —0.005 .
0 L
R 30701
S 5 10 15 20 25 30 35 0010'
Z of daughter — V. O v v v A7 BRI Y | [ O v |
-0.003 - 0.001 0.002 00

by from da(*He)~104
A global fit of nuclear and neutron beta . @ @
decay data. 1 l
[Wauters, Garcia & Hong, 2013] *He @ sHe @
[Wauters talk] [Talks by Mueller 6Li£ GLil.lV

& Hass|

03



Re(eg)

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

0.010

0.010

- Oct’2011
0.005 - 0.005 ]
0.000 £ 0000
L A m L
~0.005 ~0.005
~0010 —oot0- ... . . A
~0.003 —0.002 —~0.001 0.000 0001 0002 0003 ~0.003 —0.002 —~0.001 0.000 0.001 0002 0.003
Re(er)

Re(er)

= 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.

MZ
o e 2 Y
NP




After hadronization and at order ...

En—)pe—ﬁe B _\/§GFVud(1 + Re (GL T 6R)) [éL’)’p,VL : ﬁ(’)’“ - gA’Y“’)'S)n

=5 Q@RVL - pn + QQ@RUMVVL - pot ”nL]

\

s

CP violating
effects?

Im(es)

Im(es 1)
0B
R(n) &8
o1 Dy RN ..
0.0
|
it
~02 N ..,
~0010 -0.005 0000 0005 0010

Im(er)
[MGA & Naviliat-Cuncic, 2013]

D coefficient:
Im(eg)

[Wed s talks by
Soldner & Muratal



Outline

O Introduction and motivation; V

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

= Phenomenology:; V

O LHC searches;

[Cirigliano, MGA & Jenkins, NPB830 (2010)]

[Bhattacharya, Cirigliano, Cohen, Filipuzzi, MGA, Graesser, Gupta, Lin, PRD85 (2012)]
[Cirigliano, MGA & Graesser, JHEP1302 (2013)]

[MGA & Naviliat-Cuncic, Ann. Phys. 525 (2013)]

[MGA & Martin Camalich, PRL112 (2014)]

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!

» The new particles can be produced at the LHC
=>» Model dependent!

M. Gonzalez-Alonso B decays in the LHC era




Effective Lagrangians

W y ; :
Sl e 2101w NP L7 (1) = L(SM-fields, bSM-fields)
@ j, ﬂ [Buchmiiller-Wyler 1986,
Leung et al. "1986]
~1TeV SM 1
>:¥:vw< >‘< ° Eeff.=£SM+FZai0i

[Cirigliano, MGA, Jenkins 2010,

Cirigliano, MGA, Graesser '2012]

> X c CrYy
d—ub—vg — — \/—
2

~ GeV

d

M. Gonzalez-Alonso B decays in the LHC era

EL'yyy-ﬂfy“dL + Zego EPFV-ung}
pdT




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)

+ RC. 4+

2 2 2 2 2 >
N my >mT,cu,) = z5% UL xapp_,evx(mT >mT,cu,) =egx L x (O’W+OS g5 + O; £T)

pp—*eWK(

3105 0_02: ................ .
—

&1 —p LHC7, 5 fb™! ]

@10° o | 0.01}

5 e [ . LHC8R0 b ]

o

Lﬁ102 "5 LKC14, 54 fo!

7 ]
s

- = Background Prediction

, B wuitijet :
q W - 7 +Jets . e L
; ® Data i W 0.00
10 - —— W'(m,=23TeV) : H r

—0.01}

overl'lar;'bin =

—0.021
& 0.004

tlerl
[MGA & Naviliat-Cuncic, 2013]

500 00




SM background NP (EFT)

+ RC. 4+

2 2 2 2 2 >
N my >mT,cu,) = z5% UL xapp_,evx(mT >mT,cu,) =egx L x (O’W+OS g5 + O; £T)

pp—evX (

- = Background Prediction

3105 0.02_— """"""""" :
O — W E
N104 -leosons .
@ 0.01F
n10° ' . : L
'E : —ov_:n H [
2102 . g =:‘.I::: —= :
= ' & P ' & 0.00
1 0 > e W'(m, =2.3TeV) : +| L

! ~0.01]
-1 |5
10 I
2 H i
19 E Y R L
Z0.004 —0.002 0,000 0.002  0.004

500 00
+lerl

[MGA & Naviliat-Cuncic, 2013]




SM background NP (EFT)

+ RC. 4+

3105 0CO2F  mEmmE :
8104 T Wy :

< -leosons O Ol_

w103 -Top ! .

“E =——oov-n

Q10

L

- = Background Prediction

Al
! B wuitijet :
q B v vets . e 7 +
: e Data ' &~ 0.00——
10 - —— W'(m,=23TeV) : H r

! ~0.01]
-1 |5
10 [
2 H - RCLI
19 s —0.02[_. i
~0.004 —0.002 0.000 0002 0.004

500 00
+lerl

[MGA & Naviliat-Cuncic, 2013]




SM background

+ 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

pfMet: 822.2 GeV

Each event can be characterized by the
“transverse mass”

mp = \/‘.ZE‘T'E%(l — 08 A, )




Beyond €g

Interesting
 competition®
Low-E x 102
LHC (ev) - x 1072
Low-E x 102
LHC (ev) x 1072

Low energy dominates!

~ i~

€| N 1€r| N €PN |€s| | |€T]
B Low-E 6 6 00030 14 | 3.0 [Ix 10>

LHC (ez/) - 0.2 0.6 0.6 | 0.1 102
LHC dominates!

=) A, ~07-200TeV

*If the neutrino is an electron neutrino...




B decays vs. the LHC

O The competition will continue:

uuuuuuuuuuuuuuuuuuuu

= New lattice data for the o005 I —
& . ' 7T TN ]
non-standard form factors; / \ Nehtron decay +
0.006¢ ER— m/’ ; %nuclear decays
» New experimental data from i =% ]
beta decays; HC @ 14 TeV
CS) 0.002+

» LHC @ 14 TeV,
with higher luminosity;

0.000

-0.002+

~0.004}

—0.0010 —0.0005 0.0000 0.0005 0.0010
€T

M. Gonzalez-Alonso B decays in the LHC era




Conclusions

= [} decay are sensitive to TeV physics! —Mp)

o Intense theoretical activity (form factors);

D _1.02(11)
md - mu

» EFT approach connects high- and low-E probes;

0.02
neutron

fut
= This interplay becomes much more (future)

interesting if we see a NP signal! D0

O.OJ nuclei Pie J
Y

Re(eg)

» Beta decay searches are a very rich

I ~0.01
(and cross-disciplinary) field.
ion
-0.02 & L
~0.004 —0.002 0000 0.002 0.004
Re(er)

M. Gonzalez-Alonso B decays in the LHC era




Bonus track

= Any theoretical construction has assumptions. e —
EFTs assume e.g. no light new particles. o Vi Y 4
G
é’YM(CV 25 C\’/'YS)VZ?Y#'"’ L .
D0 (O 4 Ol Ui .. P L. |
\/-2- - 203 -02 -0 . .
ra

0.02 ¥ |/ 4

0.01

‘nuclei
0.00 -

[Buchmiiller-Wyler 1986, Leung et al.’1986]

Re(es)

-0.01

» Conclusion:
Don’t pay too much attention to theorists.
Measure and cross your fingers. Nature might surprise us.

'~ pion
-0.02 L3 | |
-0.004 —-0.002 0.000 0.002 0.004
Re(er)

M. Gonzalez-Alonso B decays in the LHC era




Backup slides

M. Gonzalez-Alonso B decays in the LHC era




Form factors in 3 decay (SM)

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

<p(pp)| ﬂﬁ/"{ud I n'<pn)> = ﬂp(pp) Tu + DM N Uuuq e %p] Unp pn)

gv(o)=1 (Ademollo-Gatto’64)

] N, ()~ R
(p(pp)l wyuysd | n(pn)) = Up(pp) mﬂr%ﬁ o [P5tn (Pn)

g,(0) 22?

~107° ———> Onecan safely neglect O(q*/M?)

& quadratic corrections to the isospin limit

[Marciano & Sirlin, 1986] _

[Czarnecki et al., 2004] Ol‘h _ Oth (GF Vud ’g A )
[Ando et al., 2004] 4 5
[Marciano & Sirlin, 2006] 50th ~ 10_ — 10_ ””

[-]




Form factors in 3 decay (bSM)

Once we go beyond the SM...

(p(pp)| ad|n(pn)) =
T e e S e

o) @0 d|n(pn)) = alrp) Gl +

'l_l'p (pp) Unp (pn )

Now we don’t keep corrections...

M2
v _10¢ - a 6 ~ In summary, we have 2

M5, M new form factors:
gs =85(q" =0)
gr =8 t = 0)




Examples:

eYu(1l — v5)ve - Uy"(1 +5)d




CKM tests vs. HEP

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

=i(h' D*0%p)(ly,0%) +h.c.,
=i(p' D a%p)(g.0%) +h.c.

M. Gonzalez-Alonso

B decays in the LHC era




SM background NP (EFT)

w
>vvw<+R.C +

0010
0.2
R(n)
0.1 0.005
20 b1 (8 TeV) |
G | - |
E 00 (== g 0000] 20 fb' (8 TeV)
-0.1 -0.005
8y L
~0.2 2D
~0010

-0.010 -0.005 0.000 0.005 0010 L1
—0.003 —0.002 —0.001 0.000 0.001 0.002 0.003
Im(er)
Re(er)




What about the other €, ?

o(mr > mr)

ow [(1 + 6‘(;))2 -+ |EL|2 -+ |€R|2j|] — QGWL Gic)(l + E%))]

o [[erl® + 165’ | +0s [lesl” + [ésP” + lepl? + [é0P

or [|€T|2+ ler|?|],

O Strong boundson S, T, P with v ; ° (fbl)os I
O Strong bounds on S, P, T, V+A with v; 1000 |
O LHC not sensitive to the rest of couplings. 10}

0.

—

vvvvvvvvvvvvvvvvvvv

[@ LO in QCD]

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

mT,cut (TeV)

[Cirigliano, MGA & Graesser, JHEP1302 (2013)]



Beyond the pp —evx channel

O Using SU(2) gauge invariance. ..

I:> pp e+ MET + X

Opae = (Ie)(dq) + h.c.

I\

A bit better than the [e+tMET] channel.
b [Cirigliano, MGA & Graesser’2012]

Better than the LHC probing V/A interactions,
but not better than CKM unitarity!

[Cirigliano, MGA & Jenkins’2010]




Scalar resonance

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

TOY model: scalar resonance:

L

)\SVudq§+ﬁd + )\ZQb_EPLVe

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

0.020

0.010+
0.005

0.002
0.001 +

5x1074F

l&sl

2510~

1x1074%

-
-
-
-
_____
-
-
-

-*
-
-
.
-
-
-
.
-
.
-
hd
-

-
e
-
-
-*

-
.-’
-
-
-

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

Events

107 L] DalaY2OI1 "5
6 S Owso0)
18 pp e V [Jw(1000) %
10° Ow000) o
Ow -
10 =
10° ; -
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Nice interplay of two
experiments separated for so
many orders of magnitudes!!!!

[T. Battacharya et al., 2012]

M. Gonzalez-Alonso

B decays in the LHC era



Scalar resonance
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O What if we see a bump? EFT breaks down... 10° PP €Y o= 3
TOY model: scalar resonance: :gs :

102 beo 3

L. = ASVud¢+ﬂd + o ePv, "1) :
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O Then we have a lower-limit value for €g4:

O If the implied lower bound on €S is smaller than the low-E value of eS...
m [t’s not a scalar resonance;
= It couples to the muon/tau neutrino;
m There 1s some cancellation with other scalar resonance or contact interaction...

[T. Battacharya et al., 2012]

M. Gonzalez-Alonso B decays in the LHC era




