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How can hadronic physics help BSM search?
Hadronic observables extraction

Impact on B-decay observables

in collaboration with S. Liuti, S. Baessler, M. Gonzalez Alonso, A. Bacchetta and M. Radici

Creation of a working group on
Theory and Experiment Analysis of Hadronic Matrix elements (TEAHM)



*  Direct search
* Large-x PDF

* O(S
* Indirect search
*  Parity Violating DIS

*  Beyond V-A interactions

QCD FOR BSM
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N(pn) — P(pp)e” (pe)Ve(pv)

can be sketched as

< dgue_(pe)pe(pl/) ®[<P|ﬂrd|N>] ”

BETA DECAY IN SM



Electroweak:
V-A

N(pn) — P(pp)e” (pe)Ve(pv)

can be sketched as

r

“|d— ue” (pe)lje(pu)} X [<P|ﬂrd|N>] ”

Proton structure:
gv & ga

N

M = —i— 4.y, (1 —7°) v, (play* (1 — v°) d|n) cos b,

V2

BETA DECAY IN SM



*  Neutron decay rate parameterized:

1 G%‘Vud|2
(2m) 2

Pe - Pv Mme Pe Pv
1 b n| A— +B— + ...
Xf +aEeEy + Ee‘|‘S ( Ee+ E}/+ )]

d°T =

peE. (Ey — E,)* dE.dQ.dQ,

*  Effective Hamiltonian for B-decay

- Lorentz low energy constants Cspvat
= SM 1param A=-Ca/Cy
= a(A),A(A),B(A)

BETA DECAY OBSERVABLES



*  Neutron decay rate parameterized:

1 G%|Vuql|?
d°T = O F‘z al peE. (Ey — E,)* dE.dQ.dQ,
T
Pe " Pv me Pe Pv
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*  Effective Hamiltonian for B-decay

- Lorentz low energy constants Cspvat
= SM 1param A=-Ca/Cy
= a(A),A(A),B(A)

*  b=0inSM - sensitivity of neutron beta decay to new physics

*  Bchby=0inSM

BETA DECAY OBSERVABLES



*  Neutron decay rate parameterized:

peE. (Ey — E,)* dE.dQ.dQ,

+Sn <A&+B—+ )]

E. b,

dSF _ 1 G%"VUdP
2rpF 2
Pe " Pv me
1
xE |1+ a FLE, + bEe
i b=0 in SM

-

sensitivity of neutron beta decay to new physics

*  Bchy=0inSM

W= C
_ “ IRe 4 32Re( =L
1+ 322 cV Ca

-

b sensitive to scalar and tensor LEC

-

same for by

BETA DECAY OBSERVABLES




* Extract LEC

NEW PHYSICS IN ©

A—pretty well known

* from various processes
* decay rate for super allowed 0*—0*
* decay rate for beta decay (total, angular correlation in unpolarized & polarized parts)

* radiative pion decay

SCALAR & TENSOR INTERACTIONS



* Extract LEC

NEW PHYSICS IN ©

A—pretty well known

Best constraints so far

CS/CV = 0.0014(13)
@10

[Hardy et al., PRC91]

* from various processes

*
decay rate for super allowed 0*—0* —0.0026 < C1/Ca < 0.0024
@95%CL

[Pattie et al., PRC88]

* decay rate for beta decay (total, angular cc

* radiative pion decay

SCALAR & TENSOR INTERACTIONS



New particles hints New particles produced directly
* in loops

+ mediators of interaction

>
Low energy High energy

\

4 )
*  Effective field theories for low energy

= New (heavy) dof integrated out

*  Gonsider all Dirac bilinears for EW interactions

- 1, Y5 Yu(l+Ys), Opv

= Define “Wilson coefficient" for new interaction

g J

NEW FUNDAMENTAL INTERACTIONS
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BETA DECAY IN EFT [Bhattarchaya et al., PRD85]
[Cirigliano et al., NPB 830]
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[Bhattarchaya et al., PRD85]
[Cirigliano et al., NPB 830]



[Bhattarchaya et al., PRD85]
[Cirigliano et al., NPB 830]

° dgue_(pe)ﬂe(pv) ®[<P|ﬂFd|N>] -

STANDARD MODEL

NEW BSM S & T
INTERACTIONS

[Pattie et al, Phys.Rev. C88]
[Wauters et al, Phys.Rev. C89]
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New LEC factorized into hadronic contribution & new EW interaction



[Bhattarchaya et al., PRD85]
[Cirigliano et al., NPB 830]

° dgue_(pe)ﬂe(Pv) ®[<P|ﬂFd|N>] -

STANDARD MODEL

lgses| = 0.0014 £ 0.0013 e1o

lgrer| < 6-107%
NEW BSM S &T
INTERACTIONS

[Pattie et al, Phys.Rev. C88]
[Wauters et al, Phys.Rev. C89]

@95%CL

New LEC factorized into hadronic contribution & new EW interaction



[Bhattarchaya et al., PRD85]
[Cirigliano et al., NPB 830]

° dgue_(pe)ﬂe(l?v) ®[<P|ﬂFd|N>] -

STANDARD MODEL

lgses| = 0.0014 £ 0.0013 eto

lgrer| < 6-1077
NEW BSM S &T
INTERACTIONS

[Pattie et al, Phys.Rev. C88]
[Wauters et al, Phys.Rev. C89]

@95%CL

Precision with which the NEW COUPLINGS can be measured depend on
the knowledge of hadronic charges

New LEC factorized into hadronic contribution & new EW interaction



@ @ <P(pp,5p)\ﬂfd]]\7(pn,5n)> @ G’
O t

Proton \I I/ Neutron
FORM FACTORS

(P(pp, Sp)|uyud|N (pn, Spn)) = gv (t) upy,un + @(\/%/M) Isovector vector FF

(P(pp, Sp)|toud| N (pn, Sn)) = gr (t, Q2> UpO,,UN Isovector tensor FF

When t— 0, g(0)=charge

MATCHING AT HADRONIC LEVEL
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global fit
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JHEP 1505 (15) 123

0.01 T 005 010 050 1
X 0.05

0
From Radici’s talk -0.05 s
-0.1 7 ang et al (2015) —_—
Anselmino et al (2013) sssessnan

0.2 0.4 0.6 0.8

*  Semi-inclusive processes

* eN—-emnX Torino et al

*  eN—e(mm) X Paviaetaa  / | 0= ,T =1
=0.13,Q°=1.1 GeV

L] .'t.=.0'|l - 1.1 IGeV2 I
02 04 06 038
X

TRANSVERSITY PDF —

*  Exclusive: eP—e i’ P GGL




CLAS12 projection on proton target SoLID projection on neutron target Jefferdon Lab
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CLAS12 projection on proton target

0.15

FUTURE DATA

0.007 < x < 0.53

SoLID: about 1000 unprojected bins on 3He target

SoLID projection on neutron target Jeff;—rs)on Lab
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Courtoy, Baessler, Gonzalez-Alonso and Liuti, PRL 115 (2015) functional forms using the replica method for the error
analysis. As for future extractions, the dihadron SIDIS will
be studied in CLAS12 at JLab on a proton target and in
SoLID on a neutron target [21] that will give both an
improvement of ~10% in the ratio Agr/gr thanks to a
wider kinematical coverage and better measurement of the
contribution of the d quark. The results from this extraction

are shown in Fig. 1.
*  GGL with new JLab data

*  Pavia with on new JLab data from both CLAS12 & SoLID

JLAB12 IMPROVEMENT



Courtoy, Baessler, Gonzalez-Alonso and Liuti, PRL 115 (2015)

*  GGL with new JLab data

Ghv i eAUAY) A A AaeU Ueeks ek asaaiees Aus  seseaeise
functional forms using the replica method for the error
analysis. As for future extractions, the dihadron SIDIS will
be studied in CLAS12 at JLab on a proton target and in
SoLID on a neutron target [21] that will give both an
improvement of ~10% in the ratio Agy/gy thanks to a
wider kinematical coverage and better measurement of the
contribution of the d quark. The results from this extraction
are shown in Fig. 1.

Daanl ssictial axabisi Locoal oo

* | Pavia with on new JLab data from both CLAS12 & SoLID
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1
i RBCUKQCD ]
[ e LHPC ]
6,‘ RQCD
= ETMC |

Single hadron FF ]

Dihadron FF _

LATTICE RESULTS PRESENT TINY ERRORS W.R.T. HADRONIC EXTRACTIONS
HERE TESTING GROUND FOR LATTICE QCD CALCULATIONS

ISOVECTOR TENSOR CHARGE
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EXOTIC TENSOR INTERACTION



* HESSIAN PROPAGATION

- Usual error propagation Z gcovab of with here AX2 =1

Oa 0b

a,b € params

Q
Sy

* MONTE CARLO APPROACH

- N replicas of data within xo gaussian noise

fro;=X%CLx f;, i=1,---N

X = 68,90,95, ...
* SCATTER PLOT

- 1+D
- Random generation of allowed values within xo

* RFIT METHOD

- Theoretical param anywhere within [a-0a, a+03] only
- other params as usual
0, Vycalc,i S [ycalc,i + Sycalc,i]

—21In »Ccalc({ycalc}) = { :
o0, otherwise

ERROR TREATMENT



NOW WITH gr+ Ogr

AND - scatter plot evaluation
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TENSOR INTERACTION 2017



NOW WITH gr+ Ogr

AND - scatter plot evaluation

Dihadron estimated after Jlab12

Single-hadron after SoLID
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TENSOR INTERACTION IN THE NEXT YEARS



€1 VS. €s plane from bo* and b Warning: not a global fit

oo0dt
* withgs = 1.02 + 0.11 0.003}
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DIHADRON ASYMMETRY FOR UNPOLARIZED

TARGET INVOLVING SCALAR PDF (subleading) Jefferson Lab
A o o
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0041 { i
002} ! |
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-0.06F
S. Pisano et al., to be published oosf  T—
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Spectat
SCALAR CHARGE s
Bag

related to e(x=0)
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lots of things to think of...
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CAN WE DO THE SAME FOR SCALAR CHARGE?




* Evaluation of bounds for BSM tensor interaction
= from hadronic matrix elements extracted from experiments

= as opposed to lattice calculations
* Hadronic uncertainties are still very large
* However, competitive results expected from future hadronic experiments

* Complementarity +testing of lattice results

GONCLUSIONS



*  Neutron decay rate parameterized:

1 GZ4|V,ql?
T
Pe - Pv Me Pe Pv
1 b n|lA— +B— + ...
X & tap t b s ( 5 TBE t )]

*  Nab collaboration plans to measure b, term sensitive to Cs and Cr with precision of
107-3

*  abBA collaboration (and others) plans to measure A and B angular coefficients for
polarized neutrons, B is also sensitive to Cs and Cr with precision of 10*-3

FUTURE OF BETA DECAY OBSERVABLES



* Redefinition of "new" scale

* effective coupling (rescaled)

where mw enters through

* but underlying mechanism not known

SCALE OF NEW PHYSICS



