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How can hadronic physics help BSM searcl
Hadronic observables extraction

Impact onf3-decay observables

partially based on Phys.Rev.Lett. 115 (2015) 162001
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can be sketched as




Electroweak:
\VAYAY

can be sketched as

-



. [Jackson et al., PR106]

# Neutron decay rate parameterized: lLee & Yang, PR104]
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# Neutron decay rate parameterized: Lee & Yang, PR104]
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# b=0in SM ' sensitivity of neutron beta decay to new phy i
# Bc by=0InSM

' P sensitive tscalarandtensor LEC

' same forby



#* Extract LEC

NEW PHYSICS3N

* from various processes
#* decay rate for super allowed-00"
* decay rate for beta decaytotal, angular correlation in unpolarized & polarized parts)

#* radiative pion decay



#* Extract LEC

NEW PHYSICS3N

Best constraints so far

Cs/Cy = 0.0014(13)

@1!
* from various processes P
#* decay rate for super allowed-80" 1'0.0026 < C1/Ca < 0.0024
@95%CL
#* decay rate for beta decaytotal, angular (Pattie et al,, PRC38]  S)

#* radiative pion decay



#

New particles hints New particles produced directly

" in loops

" mediators of interaction

Effective beld theories for low energy

! New(heavy)dof integrated out

Consider all Dirac bilinears for EW Interactions

| 1’ Y5, YIJ(1+Y5)’ Ouv

! Debne Wilson coelcient” for new interaction



EFT AT THE QUARK LEMEL ! U;l" g

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



EFT AT THE QUARK LEMEL ! U;l" g

Cq? $ o o
Lot u = ﬁw 1+[vi]rj %" L Ad +[VR]" j L% L% dy

H[a] R Lekd +IR] R L d el
+t ] R Lk (H d +h.c, ;

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



# Redebnition of "new" scale

# effective couplingrescaled) !i! mg, /!

where mventers through Gy =g?2/(4 2mZ))

* but underlying mechanism not known



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

STANDARD MODEL

NEW BSM S & T
INTERACTIONS
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New LEC factorized into hadronic contribution & new EW interaction

LEC IN TERMS OF HADRONIC ! NEW
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o (P (pp,Sp)|[ul’d|N(pn, Sn)) @ o
9 0 9

FORM FACTORS

!P(pp, Sp)|w! ,ud|N (pPn,Sn)" = gy (1) Bp! LUy + O(” t/M ) Isovector vector FF

! 1]
1P (pp, Sp)lﬂ" 'LWle (pn,Sn)" = or t, Q2 op" L UN Isovector tensor FF

t=(Pn-pp)’
Q? RGE scale



o (P (pp,Sp)|[ul’d|N(pn, Sn)) @ o
9 0 9

FORM FACTORS

P (py, Sp)l@t ,dIN (pa, Sn)" = gv (1) B! Uy + O( UM ) R

! 1]
'P(pp, Sp)|@" ,0dIN(Pr, Sp)" = or t, Q% wp" wUN i

t=(Pn-pp)’
Q? RGE scale



*  Nonlocal matrix element for proton structure

# Parton Distribution Functions
built from Lorentz symmetfigm vectors at hand
debned in Bjorken scaling
nonperturbative objects

1st principle related to " charges"”

Fundamental charges for #s & ##s only

Structural charges for the others
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Lorentz structure
Discrete symmetries
Vectors at hand...

To leadindwist :

PDFs

Dirac operator

Charges
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To leadindwist :

PDFs

Dirac operator

Charges

1

1

dxhy"" 9 (x) = gr
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Inclusive processes

DEFINITION
AND
FACTORIZATION

Exclusive processes




Inclusive processes Semi-inclusive processes
o— PDF'dy o— PDF"db"Fragmentation Function

DEFINITION
AND
FACTORIZATION

Exclusive processes
o— |Generalized PDF"H" Meson Amplitédde|




TRIPTIC OF TARGET SPIN ASYMM
SIDIS PRODUCTION OF PION PAIRS @ COMPASS .

0.5 1 1.5 2
z M,, [GeV/c?]

x-dependence only from (z, M)-dpdence determined

Transversity by DiFF from Belle
[A.C., etal, PRL 2012, JHEP 2013, 2015] [A.C., Bacchetta, Radici, Bianconi, Phys.Rev. D85]



#*  Semi-inclusive processes
# eNPe# X Torino et al
* eN—e (##) X Pavia et al

#*  Exclusive: ePe #P GGL



#*  Semi-inclusive processes
#*  eNPe# X Torino et al
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#*  Exclusive: ePe # P GGL

1o error band from replicas @2.4 &RAVIA

[Radici et al., JHEP 2015]



#

Semi-inclusive processes

eN—e # X
eN—e (##) X

Exclusive: ePe #°P

Torino et al

Pavia et al

GGL

1o error band from replicas @2.4 &RAVIA

[Radici et al., JHEP 2015]

4=0.1--1.1 GeV*

02 04 06 038
X

[Goldstein et al, PRD 2015]



1o error band from replicas @2.4 ERAVIA

[Radici et al., JHEP 2015]

Semi-inclusive processes

*  eN—e # X Torino et al
* eN—e (##) X Pavia et al

Exclusive: ePe #° P GGL

02 04 06 038
X

[Goldstein et al, PRD 2015]



ROLE OF FUNCTIONAL
FORM FOR FIT

Rexible functional form

rigid functional form
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CLAS12 projection @notontarget SoLID projection areutrontarget
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MORE DAT
+
MONTE CARLO LIKE FIT

0.4 0.8

* ; Pavia 15
procedure repeated 100 times JHEP1505 (2015) 123
(until reproduce mean and std. deviation of original data)




"ul "d (Q% # 4 GeV?)

WITH MONTE CARL
LIKE FITTING




"ul "d (Q% # 4 GeV?)

WITH MONTE CARL
LIKE FITTING

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

HERE TESTING GROUND FOR LATTICE QCD CAL



xg= 0.2, Q=15 GeV’
— 5,=091:0.08,5, =-0.12

- 8,=06,5,=-0.12
8,=14,8,=-0.12

#*  GGL depends on new JLab data

Courtoy et al, PRL 115
*  Pavia depends on new JLab data

01 02 03 04 05 06 07 08 09 1

£ (GeV) . Torino depends on TMD evolution +new JLab d:
Ye et al1609.02449
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PNDME

P NOW WITg Ogr

RQCD

Single hadron FF AN D

4 Dihadron FF

DVMP

New PNDME+g0.987(51)(2QlprD94]
NME compatible resultsi1.0745p

Ye et al.: §=0.64+0.021G=2.4Ge¥)
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HESSIAN PROPAGATION

Usual error propagation

MONTE CARLO APPROACH

N replicas of data within x! gaussian noise

+ SCATTER PLOT

2+ D
Random generation of allowed values within x!

RFIT METHOD

- Theoretical param anywhere within [a-! a4, at! 5] only
other params as usua |



NOW WITd ogr

AND

RPt method: Monte Carlo approach:

Pavia 2015 1D fores> only
¥ present: g7 < 0.00162
¥ compared to
Naviliat-Cuncic & Gonztlez-Alohjgr] < 0.0013
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gTVS.g€splane from & and b

with gs = 1.02 + 0.11
from Gonztlez-Alonso and Martin
Camalich, PRL 112

with gt = 0.81 + 0.44

from Pavia 15

to be compared to <g1>=0.839(357)
from GGL & Pavia 15

1o errors
- Hessian iblue &
- Rbt method in
- Scatter plot iri




DIHADRON ASYMMETRY FOR UNPOLARIZED
TARGET INVOLVING SCALABUBIBdeing) Jerre

CLAS collaboration
S. Pisano et al., to be published
A.C. et al. 1405.7659

Spectator
XQSM
Bag




DIHADRON ASYMMETRY FOR UNPOLARIZED
TARGET INVOLVING SCALABUBIBdeing) Jerre

CLAS collaboration
S. Pisano et al., to be published
A.C. et al. 1405.7659

SCALAR CHARGE Specttor
related to e(x=0) Bag

lots of things to think of...




Neutron decay rate parameterized:

G2 |Vyq |2
= —L“d‘pelze (Eo! Ee)® dEcd# od#,

Ee Ee EI

e s, (AE+B'O—’+...)]

Nabcollaboration plans to measure b, term sensitivesn@ G with precision of
107-3

abBAcollaboration (and others) plans to measure A and B angular coefbcients for
polarized neutrons, B is also sensitive @@ G with precision of 10"-3



# Evaluation of bounds fBSM tensor interaction
' from hadronic matrix elements extracted frexperiments

' as opposed to lattice calculations
Hadronic uncertainties are still very large
Howevercompetitiveresults expectedom future hadronic experiment

Complementarity +testing of lattice results

HADRONIC MATRIX ELEMENTS RELOTHISTANDING QCD QUES
STRUCTURE OF HADRQGRSIFINEMENT, CHIRAL SYMME



