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B-decays and BSM physics

® |n the SM, W exchange (V-A, universality)
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B-decays and BSM physics

® |n the SM, W exchange (V-A, universality)
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® BSM: sensitive to tree-level and loop corrections from large class of

models = “broad band” probe of new physics

® Name of the game: precision! To probe BSM physics at scale A, need
expt. & th. at the level of (v/A)% <107 is a well motivated target



e Effect of any new physics encoded in ten quark-level couplings
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e Effect of any new physics encoded in ten quark-level couplings
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How do we probe the €’s?

® Rich phenomenology, two classes of observables:

|. Differential decay rates (probe nonV-A via“b” and correlations)

dl’ < F(E,) {1 | bge | a.%g” - () - A Pe y plv }

Lee-Yang, Jackson-Treiman-Wyld
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isolated via suitable
experimental asymmetries




How do we probe the €’s?

® Rich phenomenology, two classes of observables:

|. Differential decay rates (probe non V-A via“b” and correlations)

2. Total decay rates (probe mostly V,A via extraction of V4, Vus)

(GYN2 x |Vii|* X | Mpaal? x (1 + Sre) X Fin

[k

Channel-dependent
effective CKM element

{ Vol + Vo + Va2 = 1 + ACKM(mJ




This table
summarizes a
large number of
measurements
and th. input

Already quite
impressive.
Effective scales
in the range
A= 1-10TeV
(Asm = 0.2TeV)

Snapshot of the field

v
[ Y(Ee) — 1+b7ne/E€+"J

Non-standard Current
coupling Observable sensitivity
Re(eL + GR) Ackm ~ 0.05%
Im(eg) Dy, ~ 0.05%
€p, Ep Ry = ro—) ~ 0.05%
Re(es) b, B, [a, A, G] ~ 0.5%
Im(es) R, ~ 10%
Re(er) b, B, [a, A, G], T—evy| ~0.1%
Im(er) Rsp; ~ 0.2%
ga-#P (l,b,B,A N5—1O%

VC, S.Gardner, B.Holstein
1303.6953
(Gonzalez-Alonso & Naviliat-Cuncic

1304.1759



This table
summarizes a
large number of
measurements
and th. input

Already quite
impressive.
Effective scales
in the range
A= 1-10TeV
(Asm = 0.2TeV)

Focus on probes
that depend on
the €'s linearly

Snapshot of the field

y B Y(E)
[ Y(Ee) = 1+bm./E, + . j

Non-standard Current
coupling Observable sensitivity
Re(eL + ER) ACKM ~s 005%
Im(ep) D, ~ 0.05%
€p, Ep Rr = po= ~ 0.05%
Re(es) b, B, [a, A, G] ~ 0.5%
Im(es) R, ~ 10%
Re(er) b, B, [a, A, é’], T—evy | ~0.1%
Im(er) Rsp; ~ 0.2%
ga;éP (l,b,B,A N5—10(/0

VC, S.Gardner, B.Holstein
1303.6953
(Gonzalez-Alonso & Naviliat-Cuncic

1304.1759



CKM unitarity: input
1Vl + Vil + P = 1+ Acrcu(c)




CKM unitarity: input

Vi + 1Vl + D = 1+ Acrau() |

0.980
0781 | To=880s

‘ BOTTLE
0.976 | |

Vud i I
0974 | @
) To=888s |

0972} BEAM
0970 L

0*—0* neutron T=1/2 Pion

ga = 1..2701(25) mirror beta decay

Extraction dominated by 0" —0" transitions

Critical theoretical input :0c (A,Z) [isospin-brk].
Existing calculations accepted/rejected through
experimental validation (Hardy-Towner 2014).
Area of growing activity (e.g. GFMC, S. Pieper)

Ve = 0.97417(21)

Hardy-Towner 2014



CKM unitarity: input

Vi + 1Vl + D = 1+ Acrau() |
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neutron T=1/2

O+_’O+
ga=1.270125)  irror

Extraction dominated by 0" —0" transitions

Critical theoretical input :0c (A,Z) [isospin-brk].
Existing calculations accepted/rejected through
experimental validation (Hardy-Towner 2014).
Area of growing activity (e.g. GFMC, S. Pieper)
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CKM unitarity: input
Vil + 172 + P = 1+ Acra(c)

228 i CKM unitarity

3362 7_\ / (from VuJ)
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® |mproved LQCD calculations have led to smaller Vys from K— T11/V

£,X°T(0)= 0.959(5) — 0.970(3) Vis = 0.2254(13) = 0.2232(9)
F/Fre = 1.1960(25) [stable] =V Vg 0.2308(6)

mm = mpPs, a = 0, dynamical charm FLAG 2013 + MILC 2014



CKM unitarity: test
Vil + 172 + P = 1+ Acra(c)

0227: ,,,,,,,,,,,,,,, \ ,,,,,,,,,,,,,,,,,,,
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® No longer perfect agreement with SM. This could signal:
® New physics in €rp® (KI2 vs KI3) and in € +€r, ELRE (Ackm)

® Systematics in data** or theory: 0c (A,Z), f+(0), Fx/Fr



CKM unitarity: opportunities

® Given high stakes (0.05% EWV test), compelling opportunities emerge:

® Robustness of Oc: nucl. str. calculations + experimental validation
® Pursue V4 through mirror nuclear transitions

® PursueVuy @ 0.02% through neutron decay

s -
Vo [4908.7(1.0) 5] /2
‘ud — Th (1 4+ 3in )
A/\ x
OT, /T, ~ 0.04 % (da/a , SA/A ~ 0.1%)

BL2, BL3 (cold beam), UCNT,... aCORN, Nab, UCNA+, ...



The case for 0T~ 0.3s

® Key ingredient for Vug @ 0.02%, free of nucl. structure (— Ackm test)
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Scalar and tensor couplings

® Current most sensitive probes™*:
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Scalar and tensor couplings °"\%,

e Current most sensitive probes™*:
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Impact of improved
theoretical calculations
using lattice QCD

Bhattacharya, et al 1110.6448
R. Gupta et al. 2014



Scalar and tensor couplings

® Several precision measurements on the horizon (neutron & nuclei)
® For definiteness, study impact of b,, B, @ 103; bcr (°*He,...) @103
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Scalar and tensor couplings

® Several precision measurements on the horizon (neutron & nuclei)
® For definiteness, study impact of b,, B, @ 103; bcr (°*He,...) @103

Nab, 0015
UCNB,
éHe, oo Lattice QCD 2014
0005} 091 <gs< I.13
o)
) fo
2 | Ae=5Tev -0 <gr<LlI

R. Gupta et al. 2014

® Can dramatically improve existing limits on €t, probing At ~ 10 TeV



/4‘07

Scalar and tensor couplings %

Fit to decay parameters must include ga (correlations!),
and must account for theory uncertainties at recoil order

Lattice QCD (n) and ab-initio nuclear calculations (°He)
can eliminate recoil-order uncertainty
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pseudo-data of “a” and “A”
with &t at its current limit



Connection with landscape

® The new physics that contributes to €« affects other observables!

® Relative constraining power depends on specific model

® Model-independent statements possible in “heavy BSM” benchmark:
Mesm > TeV — new physics looks point-like at the weak scale

U;

Four-fermion interactions “poorly” constrained:
Ohad at LEP would allow Ackm ~0.01 and non V-A
structures at & ~ 5%. What about LHC?

Vertex corrections strongly constrained by
Z-pole observables (Ackm is at the same level)

VC, Gonzalez-Alonso, Jenkins 0908.1754



T. Bhattacharya, VC, et al, 1110.6448

LHC constraints

Heavy BSM benchmark: : »
all £ couplings contribute to the ~
processpp > eV + X u_ y

No excess events at high mt = bounds on &x (at the 0.3% -1% level)
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0%

B decays vs LHC reach

B decays

All €5 in MS @ = 2 GeV

15.0%

12.0%

Unmatched low-
energy sensitivity
and future reach

9.0%

6.0%
3.0%

0%

4 )
LHC:
B LHC Vs =7TeV
L=5fb
\_ J
X
€7, ER Ep €g €r

LHC limits close to low-energy.
Interesting interplay in the future

VC, Gonzalez-Alonso, Graesser, 1210.4553

LHC reach already
stronger than
low-energy



® [-decays (b,B) @ 0.1% can be more constraining than LHC!

oQg' Quark model vs LQCD
\s& ( matrix elements
<
., 0010
0.005¢
- Bhattacharya, etal 1110.6448
c‘o’i Updated with 2014 lattice input
0.000
~0.005} — |
- T Vs = 14TeV
L=10,300 fb!]
—oo0}, . |
-0.002 -0.001 0.000 0.001 0.002

€T



Connection to models

® Model — set overall size and pattern of effective couplings

® Beta decays can play very useful diagnosing role

e Qualitative picture: “DNA matrix”

L ER Ep €S ET
WkR
LRSM  x v X X « > -2
U ——"c
L v X v v v LQ .
Can be made Q v
quantitative H*
JHDM  x  x v v x >
MSSM Vv ) ; ) ‘ N
YOUR FAVORITE

MODEL T,



Conclusions (1)

® Precise (<0.1%) beta decays: “broad band” probe of new physics.
Discovery potential depends on the underlying model (DNA matrix)

® In the “heavy BSM” benchmark case, a discovery window exists
well into the LHC era!

® A number of measurements capable of exploring uncharted territory:

% Neutron lifetime at the level of 0T, ~ Is = 0.1 s

* Nuclear / neutron spectra and correlations (b, a, A, B, ...)
at the level of 0.1% — 0.01%



Conclusions (2)

® Maximizing the impact of these precision experiments requires
diverse theory input:

® Phenomenology: connect to other low- and high-energy probes
® Lattice QCD: nucleon level matrix elements

® Nuclear structure: GFMC (A<12), many-body methods



Conclusions (2)

® Maximizing the impact of these precision experiments requires

diverse theory input:

® Phenomenology: connect to other low- and high-energy probes
® Lattice QCD: nucleon level matrix elements

® Nuclear structure: GFMC (A<12), many-body methods

Strong overlap and synergy with
Computational Nuclear Physics
More in D. Richard’s talk and theory position paper:

-

Fundamental Symmetries, Precision Probes of the Standard Model and Lattice QCD

Tanmoy Bhattacharya,!** Vincenzo Cirigliano’,!** Rajan Gupta,!*® Wick Haxton¥23:**

Taku Izubuchi,®®: 7T Kostas Orginost,% 738 and André Walker-Loud 967 ***
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Additional material



Progress/Futures in Weak Decay Studies

S.Ga

rdner

i) KGSOWMQ fhe Limits Of fhe V-A Law |SG, B. Plaster, PRC 2013}
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L

Maximum likelihood analysis after CKMFitter

1 Current precision — ¢4 /gy = A must be fit as well.
Poorly known recoil-order SM matrix elements also have

impact. Lattice QCD calculations should be able to

bound theory error in neutron decay:

Here fits of Monte Carlo pseudodata of “a” and

A” with new tensor physics as allowed by expt

ii) Radiative Beta Decay for Studies of CP Violation [SG, D. He, PRD 2o013]

Triple product momentum correlation 1s P-odd, T-odd but spin independent - N.B. nuclear studies!

iii) Anatomy of CP violation [C-odd, P-evenlin n» — =

ol ISG}

Population asymmetry about the Dalitz plot “mirror line” breaks C and CP {SG & Tandean, 2003};
Boosted eta’s are useful - can probe asymmetry at JLab Eta Factory

iv) Trapping Penguins w/ Entangled B-Mesons [R. Dadisman, SG, X. Yan]
BaBar has observed T violation; can repeat using “generalized” CP tags to measure penguins & more

Monday, September 22, 14




WORLD DATA FOR 0*—0* DECAY, 2014 B ak1y«)%
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J. Hardy

TESTS OF 5. CALCULATIONS

A. Agreement with CVC: 00" " shellkmodel, Saxon-Woods |

7t values have been calculated with different
models for 5., then tested for consistency.
Normalized y* and confidence levels are shown.

Model LIN CL(%)
SM-SW 1.37 17
SM-HF 6.38 0
DFT 426 0
RHF-RPA 491 0
RH-RPA 3.68 0
WO Nuclear density |
) functional theory -
3080 1 -
7t 2
70t ' J - sorof £ i3
{ - - Shellanodel, Hartree-Fock |
3060 l ) 3060 radial functions |




TESTS OF 5. CALCULATIONS J. Hardy

B. Measurements of mirror superallowed transitions:

Ft=ft(1+8;)[1-(5c- )]
fta _ (14 52)[1 - (38 - 88)]

| Ma (1301 - (52-50)
@J%_m =14 (82-54) + (38,-54) - (32-3%)

3978 0¥ 01% : : : ' :
3341 0¥ 0.3% 1.006 -
1698 10§ 195% -

45 10y 2.8%

i X 773% o 1.004 -
® ), ™ 30
Qcc= 6044 e 1.002 [~
N LY hnaad |

:Ara B | | | | |

26 34 38 42
A of mirror pairs




MSSM: Distinctive correlation between Cabibbo universality (CKM)
and lepton universality, controlled by sfermion spectrum

0.002 . — .
o
Light selectrons, i’ Light squarks,
heavy squarks & «— heavy sleptons
0.001 | smuons .

—

Bauman, Erler, Ramsey-
Musolf, arXiv:1204.0035

After LHC
constraints

Present
| -sigma

Future
| -sigma

0.002

=,
o 0r
Q\J
0.001 N
Light smuons, / T
heavy squarks &
selectrons
-0.002 ' S S
-0.002 -0.001 0 0.001
Ae/u

® Post-LHC effects are at the few* 104 level



® |eptoquarks: Ackm constraint vs direct searches at HERA and LHC
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® |eptoquarks: Ackm constraint vs direct searches at HERA and LHC

Ackm constraint is stronger

(for all four LQ that contribute to Ackm)
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