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Outline: This talk will be upside down

Weak charge of the proton

Constraints on new physics

Parity-violating ep scattering

Strange quark distributions in the proton

Revisiting radiative corrections (yZ box)



The final result



Weak charge of the proton

e The “charge” of the proton as seen by the neutral current

electron —___—""

Z boson

proton =" ~a_

Measurement of the proton’s weak charge

QF, = 0.0719 -

Q1 (Standard Model) = 0.0708 -

= 0.0045

- 0.0003

~6% precision



Proton weak charge

QY = 0.0719 4 0.0045
Qb (Standard Model) = 0.0708 + 0.0003

Theory

p

Weak mixing angle  Marciano & Sirlin,
Ramsey-Musolf, Erler et al.



What does that mean for new physics?



(Running of the) Weak mixing angle
e Deviations from Standard Model curve indicate possible new

physics
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(Running of the) Weak mixing angle

e Deviations from Standard Model curve indicate possible new
physics

Q-weak result
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(Running of the) Weak mixing angle
e Deviations from Standard Model curve indicate possible new

physics
Q-weak result
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PV electron-quark contact interactions

|
_|_

Cl (2)g Cl (2)g new physics

Constrained by low-
energy data!

Erler et al., PRD68(2003)
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Combined
QP and 133Cs
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Combined
QP and '33Cs




Combined
QP and '33Cs
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What was measured?”?
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Q-weak: A precision test of the Standard Model and
determination of the weak charges of the quarks

through parity-violating electron scattering

OrR —OL

Aep = = —227.2 £ 8.3(Stat.) -
OR + OR

- 5.6(syst.) ppb



Q-weak: A precision test of the Standard Model and
determination of the weak charges of the quarks
through parity-violating electron scattering

OR —OL s
Aep — p——— — —227.2 + 8.3(Stat.) T 5.6(SySt.p )

parts per bilh!



The Q-weak experiment

e Highly-polarised intense beam (180uA)

e Fast beam-helicity flip (960 Hz)
e Precision polarimetry (+0.6%)
e High-power target refrigeration (3kW)
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Measured asymmetry — weak charge



Q-weak (normalised) asymmetry
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Q-weak (normalised) asymmetry
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Data projected to forward-angle limit
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Shape of curve corresponds to shape of proton seen
through a neutral-current lens:
Uncertainty limited by knowledge of strange quark EM
form factors

weak




A
SAMPLE @ MIT-Bates > HAPPEX

Strangeness measurements “Hadronic background”
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Strangeness updates
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Particle physics

Strangeness in the proton

Ross D. Young
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A revision to radiative corrections



Radiative corrections: 74 box

Target specific radiative
correction

l R
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' Gorchtein & Horowitz PRL(2009) ---
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6% correction!
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Why is the gamma-Z box so big?
¢ |t isn’t, but the weak charge is small

QY. =1 — 4sin® Oy ~ 0.07

How to evaluate?

e Require knowledge of the interference structure
function




gamma-Z box

« Forward dispersion relation:

Re[1J7(E) = = [y dE' go—pe Sm[O72(E')

 Imaginary part given by:

s Qrmax 40?2
SmY,(E) = —— dw2/
Sm vZ( ) (S_MQ)Q /WT% 0 1—|—Q2/M%

2 N2
% (Fl’yZ—FF;Z S( max Q ) )

Q*(W? — M2+ Q?)



gamma-Z box

« Forward dispersion relation:

Re [V, (E) = 22 [T dE 5otz Sm[]V4(E)

 Imaginary part given by:

s Qmax Q2
SmY,(E) = —— dW2/
Sm vZ( ) (S_MQ)Q /WT% 0 1—|—Q2/M%

- — . 5 0
‘ Fl'yZ_|_F2'yZ S( max Q ) )

yZ interference structure functions



Region I: Resonances Region lll: Partonic
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Boundary matching: yZ structure functions



Hall et al., PRD(2013)

Our result




“Independent” theoretical determinations

.. Gorchtein et al.




“Independent” theoretical determinations

- (Gorchtein et al.

Good agreement
on central value



“Independent” theoretical determinations

.. Gorchtein et al.

\ i
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Good agreement A little debate over
on central value uncertainty



Improved constraint from lattice QCD?

NVIX)(X[VIN)
Ey — Ex

Chambers, RDY et al., PRL(2017)
Can, RDY et al., PRD(2020)

Immerse nucleon in weak external (magnetic) field

F= By + \NIVIN) + 22 3
X#N

Easy to study full flavour
dependence of Compton
amplitude

see also:

Somfleth (UA Honours thesis, 2015)
Alkithiri (UA PhD thesis, 2019)

Seng & MeiBBner PRL(2019)




What’s next?



Next-generation experiments

Becker et al., arXiv:1802.04759
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Next-generation experiments

P2@MESA in Mainz

Proton weak charge
Low-energy beam to lessen
sensitivity to yZ box
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Next-generation experiments

Becker et al., arXiv:1802.04759
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To summarise...



Data-driven analysis of (energy
dependent) yZ box

Strangeness theory precision
exceeds experiment
[Data-driven analysis for final Q-weak]
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