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How can hadronic physics help BSM search?
Hadronic observables extraction

Impact on B-decay observables

In collaboration with

Stefan Baessler (UVa)

Martin Gonzalez Alonso (IPN, Lyon)
Simonetta Liuti (UVa)

ARXIV 1503.06814
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http://arxiv.org/abs/arXiv:1503.06814
http://arxiv.org/abs/arXiv:1503.06814

*  Direct search
*  Large-x PDF
* s
*  Indirect search
*  Parity Violating DIS

*  Beyond V-A interactions

*

See, e.g.,

Plan Nacional de Investigacion en Fisica de
Altas Energias

Seccion "Frontera de la Intensidad"
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N(pn) — P(pp)e” (pe)Ve(pv)

- ,," -
can bhe sketched as AN
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N(pn) — P(pp)e” (pe)Ve(pv)

SRS
S ¢
can be sketched as AN

Electroweak:
V-A
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_ [Jackson et al., PR106]
* Neutron decay rate parameterized: Lee & Yang, PR104]
1 G%|Vual?

A \E eEe E _Ee2 Ee Qe QI/
Gy PeFe (o — B’ dB.d0.d

d°r =

& |14+ PPy Lyl | o (A&JFB&JF...

E . E, Ee Ee E,

*  Effective Hamiltonian for B-decay

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

Monday, 25 May 15



[Jackson et al., PR106]

* Neutron decay rate parameterized: Lee & Yang, PR104]
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*  Effective Hamiltonian for B-decay

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

* b=0in SM = sensitivity of neutron beta decay to new physics
* Bc bv =0 in SM
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[Jackson et al., PR106]

* Neutron decay rate parameterized: Lee & Yang, PR104]

1 G%|Vual?
(2m)> 2
Pe " Pv

d°T = peE. (Ey — E.)° dE.dQ.dQ,

APe , gPv

+ bl 4
E.E,  E. "\"E ""E

xE|1+a

*  Effective Hamiltonian for B-decay
= Lorentz= low energy constants Cspvar
= SM= 1param A=-Ca/Cy
= a(A),A(A),B(N)

* b=0in SM = sensitivity of neutron beta decay to new physics

* B (. bv =0 in SM
= same for 0*—0* processes: ho*
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[Jackson et al., PR106]

* Neutron decay rate parameterized: Lee & Yang, PR104]

1 G%|Vyal|?
(27)5 2

d°T = peE. (Ey — E.)° dE.dQ.dQ,

Pe - Pv me Pe Pv
— n|l A— +B— +...
X & 1+aEeEy +bEe+S ( Ee+ Eu+ )]

* b=0in SM ~ sensitivity of neutron beta decay to new physics

* Dho*=0in SM - sensitivity of 0*+—0* proc to new physics
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[Jackson et al., PR106]

* Neutron decay rate parameterized: Lee & Yang, PR104]

1 G%|Vual?
(2m)5 2

d°T = peE. (Ey — E.)° dE.dQ.dQ,

Pe " Pv me Pe Pv
1 —— n A_ B_ e o o
X & +aEeE1/ +bEe+S ( Ee+ Ey+ )]

_ Best constraints so far
* b=0 n SM = Sen

Cs/Cv = —0.0014 + 0.0013

C 1
) + 3A2Re(—T @lo
Ca [Hardy et al., PRC91]

—0.0026 < C1/C, < 0.0024
*  ho*=0in SM - sen @95%CL

[Pattie et al., PRC88]
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New particles hints New particles produced directly
* inloops
e mediators of interaction

*  Effective field theories for low energy
= New (heavy) dof integrated out

*  Gonsider all Dirac structures for EW interactions

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

= Define “Wilson coefficient" for new interaction
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EFT AT THE QUARK LEVEL  d; — u;l™

[Bhattarchaya et al., PRD85]
[Cirigliano et al., NPB 830]
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EFT AT THE QUARKLEVEL  d; — u;l™

2 ) - ) o
= ?‘;sz[(l + [wrleeij) o yuver iy, y*dy + [vrleeijLLyuver gy dy

W
+ [s2.1eijLRVeL s dy + [sR1eeij CRVeLET do right

Sl [tL]aijéRO‘Mvv[LL_tiR(T“vdi] + h.c.,

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

Con = —= Vau — TANDARD MODEL
\/§ d (gV gA) S
G
Cs = 7}; wd JSES
NEW BSMS &T
Q INTERACTIONS
Cr = —= Vugd grer
V2

Monday, 25 May 15



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

Con = —= Vua (gv — g94) STANDARD MODEL

NEW BSMS & T
INTERACTIONS
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[Bhattarchaya et al., PRD85]
[Cirigliano et al., NPB 830]

CSM — = VYu -
/2 a(gv —ga) STANDARD MODEL
()~
NEW BSM S & T
INTERACTIONS
V & =

Precision with which the NEW COUPLINGS can be measured depend on
the knowledge of hadronic charges
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@ @ <P(ppvsp)‘ﬂrd’N(pnaSn)> @ @
3 U 3

FORM FACTORS
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@ @ <P(pp,5p)‘ﬂrd’N(pn,Sn)> @ @
o U 3

FORM FACTORS

<P(pp, Sp)|ﬂ’yud|N(pn, Sn)> = gy (t) UpY, uN + O(\/E/M) Isovector vector FF

<P(pp, Sp) ’ﬂaﬂyd’N(pn, Sn)> — gr (t7 Qz) ﬂPU,u,VUN Isovector tensor FF
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@ @ <P(pp,5p)‘ﬂrd’N(pn,Sn)> @ @
o U 3

FORM FACTORS

<P(pp, Sp)|ﬂ’yud|N(pn, Sn)> = gy (t) UpY, uN + O(\/E/M) Isovector vector FF

<P(ppa Sp)’ﬂOWd]N(pn, Sn)> — Jgr (t, Qz) ﬂPU,uVUN *s7\ -stor tensor FF

t=(pn-pp)?
Q2 RGE scale
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*

Monday, 25 May 15

Nonlocal matrix element for proton structure

*

Parton Distribution Functions

built from Lorentz symmetry from vectors at hand
defined in Bjorken scaling

nonperturbative objects

1st principle related to “charges"

Fundamental charges for yu & yuys only

Structural charges for the others




Lorentz structure
Discrete symmetries
Vectors at hand...

To leading twist:

PDFs =

Dirac operator =

S eS—— 5 -0 6
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Lorentz structure
Discrete symmetries

Vectors at hand... 1 ” d
vV —ay _
dx hy () = g7
To leading twist: 1
PDFs =

Dirac operator =

Charges = /
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Inclusive processes
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Inclusive processes

DEFINITION
AND
FACTORIZATION
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Inclusive processes Semi-inclusive processes
o— PDFxdo o — PDFxdoxFragmentation Function

DEFINITION
AND
FACTORIZATION

Exclusive processes
o— |Generalized PDFxHx Meson Amplitudel?
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10 error band from replicas @2.4 GeV2PAVIA

[Radici et al., JHEP 2015]

*  Semi-inclusive processes

* eN—-emnX Torino et al
*  eN—e (i) X Pavia et al
*  Exclusive:eP—e m° P GGL

02 04 06 038
X

[Goldstein et al, PRD 2015]
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su-od (Q% = 4 GeV?)

WITH MONTE CARLO
LIKE FITTING
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su-od (Q% = 4 GeV?)

WITH MONTE CARLO
LIKE FITTING

LATTICE RESULTS PRESENT TINY ERRORS W.R.T. HADRONIC EXTRACTIONS

HERE=TESTING GROUND FOR LATTICE QCD CALCULATIONS
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Andrey Kim, Harut
;= 0.25, Q%= 1.94 GeV? Avakian et al., Jeffers'on
Lab CLAS Collaboration

*  GGL depends on new JLab data

shi*(x)/hi" (x)
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*  Pavia depends on new JLab data
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*

Torino depends on TMD evolution +new JLab data
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Andrey Kim, Harut
Avakian et al., Jefferson
Lab CLAS Collaboration

xp= 025, Q’=1.94 GeV*

\\

*  GGL depends on new JLab data

shi*(x)/hi" (x)

1/

*  Pavia depends on new JLab data
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x Torino depends on TMD evolution +new JLab data
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PNDME

e NOW WITH gr= G

RQCD

Single hadron FF AND

4 Dihadron FF

DVMP
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PNDME

e NOW WITH gr= G

RQCD

Single hadron FF AND

4 Dihadron FF

DVMP

we find....

T
1
1
1
1
1
1
1
1
1
1
1
1
L]
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€1 VS. €s plane from bo* and b

with gs=1.02(11) at 90% CL from
Gonzalez & Camalich, PRL112.

with <gr>=0.839(357) from GGL &
Pavia new

10 errors

Hessian in blue &

Rfit method in

Scatter plot in

MC 1D gives <&r> =0.0012

-0.002
-0.003 -0.002 -0.001 0.000 0.001 0.002 0.003

€T
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* 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

* Gomplementarity +testing of lattice results

HADRONIC MATRIX ELEMENTS RELATED TO OUTSTANDING QCD QUESTIONS
STRUCTURE OF HADRONS— CONFINEMENT, CHIRAL SYMMETRY,...
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