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Weak Mixing angle - fundamental quantity of EW theory

EM force
Infinite-range

Massless mediator
Conserve parity

Weak force
Short range
Massive mediator
EW force Violate Parity
Having massive and

massless mediator

sin?0, = 1 — (My /Mz)* = (e/g)?
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Quantum corrections
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Universal quantum corrections can be absorbed into a
scale dependent - “running” sin’@,,(u)




Schemes of Definition

e On-shell scheme
O promotes Tree-level definition to a renormalized sinzew(p) to all orders in perturbation theory

sin®Ow — s%, =1 — M2, /M2

A M
My = —2 My = v
w .sW(l—A'r)l/2 ’ Z cw

Ar ~ Ary — p; /tan?6,,
Arg=1—a/a(M,)
pr = 3Gpmf/8\/§7r2

e Simple conceptually - relatively large (~3%) correction from p, causes large spurious contributions in higher
orders.
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Schemes of Definition
I

e Modified Minimal Subtraction
o Scale dependent scaling - choose p = M,, for many EW processes

o Less sensitive to mt and new physics.

sinzéw(,u) = — —

e Theoretically nice - but unphysical
e Good for GUT running

e Effective
O Extensively used at LEP - defined by vector and axial vector couplings at the Z-pole - fo

o Good at Z-pole
O Required to calculate renormalized counterterms for non-Z-pole applications

sin29;ff = ks (g, p)sin® Oy ()
sin? Oy (Mz) — sin?6" = 0.00028
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Existing Measurements
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Future Measurements

e Clearly points out the
precision of the future
experiments: P2 and
MOLLER - to the level of
Z-pole measurements!

Effective weak mixing angle
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Running - fermionic and bosonic contributions
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Z-pole measurements -CERN, SLAC, FermiLab

«<—— LEP and SLD Average
0.23153 + 0.00016

Ay —e— 0.23099 + 0.00053
A(P) o 0.23159 + 0.00041
A, (SLD) ‘. 0.23098 + 0.00026
i o 0.23221 + 0.00029
ok ~—e—  0.23220 + 0.00081
[ e 0.2324 +0.0012
A (CDF), 2.0 fb™ e 0.2328 + 0.0011
A (CDF),9fb" —e—— 0.2315 + 0.0010
A% (DO),9.71h"  —e— 0.23147 + 0.00047

| | | | | J
0.228 0.23 0.232 0.234 0.236 0.238

in2 of
sin® O,
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pp/eé — Z — ch/ll_

Used left-right, forward-backward asymmetry
of quark/leptons, polarization state of 7 lepton

The two most precision
measurements differ by 3.2¢.
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Sensitivity to new physics beyond the Standard Model

Unravelling “New Dynamics”
in the Early Universe:

BSM: Symmetry violation with

Electrons
e |epton number

e Time reversal symmetry o
e Charged Lepton Flavor MigInEWith Rl

) 9 . p_ ) Extra Z Dark photon or Contact interaction .
e Parity violation with Flavor Dark Z Fermions

conservation

Look for tiny but measurable deviations from
precisely calculable predictions from SM process

Observed PV:
(SM+BSM) effect

®
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Weak Neutral Current (WNC) Couplings

LPV = %[éyﬂ%e(qumu +Cidy,d)  SM relations
+ ev'e(Cotyuvsu + Cogdyuvsd)]  |CL, = —%-I-% sin®fy, ~ —0.19
+ Cee (775 E7,€) Cq = 3—3sin’by ~ 035
| | Cou = —3+2sin’°fy =~ —0.04
Cu = 24959, Cau = 2979, o L2sin?0y ~  0.04
Precision weak-mixing angle measurements: + New Physics
limits on the couplings f f
1 1
€eq \2 €eq \2 €q \2 eq \2 f><f
Ciq (QRR) + (gRL) - (gLR) - (QLL) . 2 #
g.. _ —_
eq \2 eq \2 eq \2 €q \2 Leps = — Z fli’Yuflifzz"Y“fzj
Coq < (9gg)” — (9rr)” + (91r)” — (911) oA TR
ee \2 ee \2
Cee X (gRR) o (gLL) g - strength of the interaction

TTTTTTTTTTTT
E==Sl) NUCLEAR THEORY

A\ - Scale of the new dynamics
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Weak Neutral Current (WNC) Couplings

LFV = %[67”756(C1uﬂ'y#u + Crad,d)
+é’Yﬂe(Czuﬁ’}/u’)’g,’u-l—Cdei’)’N’)%d)] Clu = _%‘l'% Sinz HH' ~ —0.19
+ Cec (ey*y5€E7y,€) Cia = %—% sin® Oy =~ 0.35
| | Cyy, = —i42sin’by =~ —0.04
C¢E2€ 7 C/L'E2e 7 2 2 8
LT e Co = L-2sin’y ~ 0.04

2 eq \2 eq \2 eq \2 Atomic parity violation,
) - (gRL) N (gLR) N (gLL) = PV elastic e-N Scattering
)2 — (g%qL)2 -+ (92(11%)2 — (gqu)z mm) PV deep inelastic scattering

) — (g%%)° wm PV Moller scattering
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Why low-energy (Q?<<M2%) measurements for the BSM search??

0.245 RGE Running
e Particle Threshold
Qw(Z,N) = Z(1 — 4sin’0y) — N Measurements
0.240 :_ SLAC .E.158
£ 2 - - e === ——gE - A
A 3% s_hlft insin“6,, _ - —_— Quweak \
would imply 40% = : \\
shift of 1-4sin6,, & 0235 3%
£ : eDIS
v e
- LEP |
. Tevatron - _I_Ll"(#
Reduce the 0.290 = .
sensitivity of g
experimental 3
uncertainty to the 0.925 .
extracted quantity 104 10~3 102 10-! 1 101 102 103 10

u [GeV]
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Existing Measurements:
Atomic Parity Violation:'*Cs
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Atomic Parity Violation at Q=2.4 MeV

_ . 9
Partial Level Structure of Cs Qw(Z,N) = Z(1 — 4sin"0w) — N kPNC
F=4 m=+4 Boulder Experiment Atomic Theory
7812 12'180HZ 22:3 pgmg’;ﬁlg Mirror
F§ i ol racion @ ) 0.9065 (36) x 10" ea, -
region
1999
Dye Laser
(540 nm)
0.8906 (26) x 10" ea, -
2010
6Sl/27
"N 0.8977 (40) x 10" ea, -
e 6S —>7S transition in %3Cs is forbidden 2% ' 2012

e \Weak charge - mixes S and P states
e Induced an E1 Stark transitions - measure the
modulation of E1-PV interference

sin?0y (M) = 0.2283(20)

Im(E1,,.)/B = 1.5935(56) mV/cm 5(sin2jﬁw) ~ 0.9%
sin20
_ Elpne/B, NMpy w
D e Qw = ( My /B )( kpnc ) BSM mass sensitivity 9.9 TeV
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Atomic Parity Violation Q=2.4 MeV

_ . 9
Partial Level Structure of Cs Qw(Z,N)=Z(1—4sin“0w) — N

Fiﬂ =t Boulder Experiment
7S12— 1 218GHz =3 pcdﬁ%iﬁ'g

region
F=3 m=+3

gelen ) New development
Dy Larer . e TRIUMF - Francium
e KVI - Ra+
e PREX/CREX results
68y, | e Theory -
e measurement on
e 6S —>7S transition in '33Cs is forbidden 2% Diods &/ isotopic chain
e \Weak charge - mixes S and P states
e Induced an E1 Stark transitions - measure the
modulation of E1-PV interference
- §(sin26
IM(E1,, )/ = 1.5935(56) mV/cm (sin*0w) g 907
Elpnc/B~, NM sin*6w
. PNC hf ags 1
[ Qw = ( Mis /B )( - ) BSM mass sensitivity 9.9 TeV
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NuTeV@ 4.47 GeV

800 GeV Tevatron

Decay Pipe

The SSQT

Shielding

detector

NuTeV

e 800 GeV p at FNAL produce pi, K from

interactions in BeO target;

Target / Calorimeter

Drift Chamber

\I P |\ I_\

Toroidal Spectrometer

Drift Chambers

mn

Xk ¥
2" Greel Steel Toroids
oN —o 1 ,
R =—2_—w o5 ——sin’0
cc cc > P 9 w
O —0-, 2
q vV

e Decay of charged pi, K produces neutrinos,

antineutrinos;
e Almost pure muon neutrinos;
e Only neutrinos penetrate shielding

sin? @) = 0.2277 + 0.0013(stat.)
+0.0009(syst.)

e Dipoles select sign of charged meson:

* Determine nu/nubar type
.“ INSTITUTE for

NUCLEAR THEORY

Standard Model prediction is 0.2227
(30 deviation)

Physics Letters B 693 (2010) 462-466
Charge symmetry violation +ss
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The purely leptonic interaction
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SLAC E158 2002-2003

collimator primary & scattered collimator detectors
liquid ,L beam ep's
hydrogen 4 Z V/photons I

po_ _-_-\-’—’—-———-H s ff [f = = M ’_ > 0.7m
beam I Mollers
target \ T o l 1 l

dipoles quadrupoles
5 60 m -
45/48 GeV Beam PRL 95 081601 (2005)
85% long. Polarization
800 é E E/HWP state
& 600 Run| Runi Run il 45/IN p——t -147 + 27
& a0 % : } '
%' 200 45/0UT f—a— -129% 28
£ 0
£
> -200
2 48/IN = -119+% 26
-400
2 « 45/IN : :
F R oasout| A, =-131+14ppb
£ 800 e : : i M 48/0UT —— -137+ 26
o 4 48/0UT : : RS LR
PP IS T Voo o vl N Y 00 T YN NP S M WSO T 0 o M I Vo W O i
0 10 20 30 40 50 60 70
» N Data Sets Run I-111 (o -131+ 14
i s DA T Slow reversal: IHWP, (g-2) precession
Technical challenges overcome: 10 nm beam position bbb Lo L

-50 0

. . . . . o Il A. b

o control Max. beam current limit, Radiation dose, high rates Apy = (131 + 14 + 10) x 10~ 9 Moller Symmetry (ppb)
21 Jeffergon Lab
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SLAC E158 -Results @ Q = 161 MeV

Apy = (131 4+ 14 £10) x 107
sin?0yw (Mz) = 0.2330 + 0.0011(stat) + 0.0009(syst. ) + 0.0006(theo. )

0.25 e Y ) III'II Ll L) llllll! N B |ll'"‘ g.-.0.§ Il‘lll T T lllllll LI lllllll | B R llllll L | LA .Statistics Iimited
0.248 PDG 2010 eTheory uncet. under control.
0.246

E158
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2 2 e e e e
€ [4 e e

i + R |- %

0.242 e% J e><— e e>< J) < €
5} 0.24 17 TeV
N‘Z 0.238 Fermilab
®
0.236 1 *
0.234 qf Z'\e
0.232 Tevatron 0.8
TeV
0.23
60 validation of rynning for the first time SLC docblycharged
0.228 scalar exchange
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" MOLLER: 5x improvement
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MOLLER at JLab

23 -!Srff;Z% Lab



MOLLER at JLab - A Special purpose installation in HallA

LH2 target ) . Showermax
9 g/cm?: 125 cm LH2, Tracking  Main
w2 kKW@ 70 uA Downstream Chambers Detectors Pion
Collimator 1 & 2 Torus Drift Region \\ Detectors

L1 — i
L R = '
Ciarg;t UIF}stream Upstream Downstresa:?rlMs
A oz LAMs Scanner  geanners

e Full Azimuthal acceptance ~ 5 mrad lab frame. 5Q%v — 2.4%
e 134 GHz Electron rate A, ~ 32 ppb §(A,,) ~ 0.8 ppb QSy — 4=/
e 1 nm control of beam centroid on target )
e Robust and redundant 0.4% polarization 5(Sm HW) =£0.00023 (stat.) +0.00012 (SySt‘)
e Multiple slow reversals: IHWP, Wien filter, spin precession ~0.1% measurement

MOLLER measurement is the best among projected sensitivities for new

. Yoo measurements at low Q2 or colliders over the next decade o
A NUCLEAR THEORY 24 %ﬂgmgﬂn!.hﬁg




Spectrometer Acceptance and Collimation

;@V

2-8 GeV scattered electrons
6 - 20 mrad scattering angle

.are cpllected _

over here.

* Accept all Mgller scattered
electrons in range Oy =
50° —-130°

* Exploit identical particle
nature for 100% azimuthal coppm '
acceptance; needs odd stering 0 160", 901
number of coils The rays that are

blocked here...

Must spatially separate
«from background scatters

cattered Electron Energy (GeV)
Lab Scattering angle (mrad)

S

20 40 60 80 100 120 140 160 180
COM Scattering Angle (degrees)
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MOLLER Detectors

LAM ring (located within ke Pion det. ring (embeddec Requirement for Ring 5:
barite/concrete wall) max ring in pion lead donut) _ :
> e Detector resolution < 25%
. Main Detector Downstream PMT Hous:
Yiy sing

g scanners i

PMT Interface
e i
‘I ﬂ Upper LG Funnel

g!-f— Tile & Guide Tray
A |
A |

excess noise < 4%

beamline — i

Fused Silica Tile

- = _ '
‘ — Integrating (current mode) detectors:
GEM : .
i Upstream . asymmetry measurements of both signal and
= ascanner a

background, and beam and target monitoring

Tracking (counting mode) detectors: Readout Electronics:
spectrometer calibration, electron scattering angle * Integration mode DAQ & trigger
distribution, and background measurements —Collect & analyaize100% of the helicity windows

* Gas electron multipliers (GEM) detectors » Counting mode DAQ & trigger
e “Pion” acrylic Cherenkov detectors _Input rates between 10~kHz and 300~kHz
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e ~50M$ MIE by US DOE

e CD-1 granted on Dec-2020

e CD-2/3 review on Oct 2023.

e Construction:2024-2025

e |nstallation: 2026

e Commissioning: Summer 2026
e Physics run: thru 2028

Prototype Frame
for DS Magnet

- — -

o ; — .|

“ INSTITUTE for 4 4 ¥ | p
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Qweak:
The axial-vector coupling
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Qweak @ JLab - 4% measurement

A.‘/Ao = QE + QZB(QZ, 8=0)

Ac.p/Ay = QY + Q*B(Q%,0)

Beam energy = 1.165 GeV, 180 uA
5.8 - 11.6 deg scattered electrons,

Data projected to forward-angle limit
0% ® Q. 2018
*Q,, 2013
= HAPPEX
01 » SAMPLE
o § A PVA4
i ® GO
» Standard model prediction
0'00.0 01 0.2 03 04 0.5 0.6
Q@ (GeV2cH)
4 OR—0OL
€ orR+oL

0.355

0.345

Cig

0.335

0.325

@95% CL

Best constr

-0.20

-0.19

-0.18
Ciu

w = —2(2C1, + C14) = 0.0719 + 0.0045

L)
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= 226.5 + 8.3(stat) + 5.8(syst)ppb

8 Quartz Bar Detectors

.

Trigger
Scintillators

jment
| Magnet

Sollimator
tem

High Density Shield Wall

29 JefferSon Lab
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Qweak @ JLab - 4% measurement

o P 2 2 8 Quartz Bar Detectors
Acp/Ao = Qy + Q*B(Q%, 0)
= AT Trigger
Beam energy = 1.165 GeV, 180 uA 35 cm LH2 target (3 kW), 8 Segment ’ Scintillators
5.8 - 11.6 deg scattered electrons, Q = 158 MeV Toroidal Magnet
) Data projected to forward-angle limit 0.243 - LH2 Target
E158

=) 0241/ [(ee) l ?”78‘1 :
£ v-nucieus; \
% 0.239 } Drift
2 12 Qs Chambers
3 £ LI Triple Pb Collimator
g o2 ® Q. 2018 T amy e (©H) System
< MV 023 High Density Shield Wall
< x

o1 :ix‘PLE el oy

H » Standard model prediction 0229 . . 2 .
0'00.0 (;.1 0.2 03 04 0.5 0.6 Ly L Q :g:V) L4 L
Q2 (GeV2 )
OR—0T Agreement with
Acp = -~ = 226.5 + 8.3(stat) + 5.8(syst)ppb SM prediction
R L

w = —2(2C1, + C1a) = 0.0719 £ 0.0045
W™ sin? 0y (0) = 0.2383 +0.0011

4 i NUCLEAR THEORY
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P2 at MESA:
3x better Proton weak charge measurement

51 JefferSon Lab



P2 at MESA @ Q = 67 MeV

4000,
= 3“)]:_ Electrons from elastic #-p scattering
B Integrating Cherenkov- PZ@ M ESA
detector ring 20007

Line of sight

16001~ w hydrogen
i 7“29‘ . £Si0 -bars

Scatter@ ]

chamber < Luminosity o= - .
' - 1000} L = W T
&Y ,: Sotarers swifang | A.,=-28 ppb
' 2000} Y
Beamline 3000}
400

3003 203 o 4™ 205 300 AA.,= 0.5 ppb
ppb=1/VN
Factor 19
After 11,000 h

AR, /A= 1.8%

Highly UV-reflective
aluminium

Light tight vinyl foil

Asin? 8,/sin? 6,,=
0.15%

YN . 60 cm LH2 target 155 MeV, 150 uA  90% beam polarization

4 =EEE NUCLEAR THEORY 32 .’j,Ee%’f.';ZOn La
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P2 at MESA

50, = 20 deg 0.245
% ] N“'s measurements
gs 2 - + proposed
ujg 1 | 0.240 Qw(p) IQw(e) _ :I:NuTeV §§
\ T
160 \ 102
) _ z I 6:!
1408 . as & 0235 Qy(APV) eDIS 4% <
£ //;,
120 7] )
A L tevat LEP 1
100 ssmd :0 104 Si5e0 _ evatron P
g MOLLER = <
Mainz-P2 = 1 SoLID
155 MeV - 150 uA beam on 60 cm
LH2 target - 35 deg central 0.225
; — NPT ERPEPRTTTT EETTTT EETEPETTTT EEPETTTTTT EETEETTNT MR
??)?)té%rr:ngf ?:Inglet((lf' =67 MeV) - 0.0001 0.001  0.01 0.1 1 10 100 1000 10000
of data taking . [GeV]

Sensitivity test of SM ~ 50 TeV - extendable to 60 TeV

:‘NuscrLlEI:;e"m” Eur. Phys J.A.54 208 (2018) 33 ‘%qfﬂohgg



C12 Weak charge measurement at MESA

P2@MESA P2@MESA

hydrogen carbon

Integrating Cherenkov-
detector ring

A.,=-28 ppb A.,= 416.3 ppb

Luminosity
detectors

AA = 0.5 ppb AA = 2.7 ppb

ppb=1/VN after 300 h
Beamline o : R Factor 19 A Aepstat= 0.9 ppb

D After 11,000 h after 2500 h
= = [ o ! ] AAep/ Aep= 1.8% AAep/ AePStat=
Superconducting solenoid . 0.6% (02 %)
Polarimetry!
__ S— Asin? 0,,/sin20,,=  Asin? 6,,/sin?

0.15% 0,=0.6%

MIT-Bates C12 Weak measurement ~ 25% EBeam = 150 MeV,

Scatt. Angle =40 deg.

Sensitive to light dark Z-boson

()
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A Decade-Long Ring PVES Program at MESA!!

Notional Schedule of
\ physics measurement
campaign

2024 2025 2026 2027 : 2028 2029 2030 2031 i 2032 2033 2034 2035
Beam line, E :

detector, target, Measurement and analysis, Apy A, for carbon, aluminum and lead
forward, (common with NO1)

backward

|

<Q2>, 55 MeV 7 5 7
1Q2Q2= 4 % Systematic studies, auxilliary measurements

<Q?>, 155 MeV <Q? , 155 MeV <Q@?>, 155 MeV
AQ%Q2=4 % AQ%Q2=2 % AQHQ%2=1%

ata taking and analysis 155 MeV, 1000 h beam
Backw. angle, Ap,= -4510 ppb, (AA/A=1%), G,

Data taking and analysis, 155 MeV, 11.000 h beam
Forward angle, Ap,= -28 ppb, (AA/A=2%), sin0y
sin?@y, : 0.3% accuracy
sin?@y, : 0.14% accuracy

“ INSTITUTE for :
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PVDIS:
Measurements of the Vector-Axial couplings

First measurement: E122

56 JefferSon Lab



PVDIS - Existing Data (e,D) from 6 GeV JLab era

- [ [
Apy(PVDIS) = 22 .
GF 2 ":
= (o (@, Q)Yi (e, %, Q%) + as(x, Q1) Ya (e, 3, Q%)) N
TQEM ‘.’;*"‘:
a1 = (201, - Cu) (2C3q — Cha)|g2_g = —0.145 i
as = %(2021,, — Czd) - K o PUESHC

cccccccc

Atlarge y = (E-E’)/E, the A, is sensitive to C2q

selectively chosen DIS region
A, =-91.1(3.1(stat),3.0(sys.)) x 10° (4.3%)
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PVDIS - Existing Data (e,D) from 6 GeV JLab era

[ I
Apy(PVDIS) = -
= %[0y (2, Q*)Yi (2,3, Q) + a3 (2, Q) Vs (2,3, Q°) N
TaEM A’
ay; = g(ZClu — Cld) (202(1 — CM)'QZ:O = —0.145 :E .
a3 = +(2C2 — Caa) :

Atlarge y = (E-E’)/E, the A, is sensitive to C2q

selectively chosen DIS region
A, =-91.1(3.1(stat),3.0(sys.)) x 10° (4.3%)

sin20, = 0.2299 + 0.0043(1.9%)

Al2C,, - Cyolasg) (TV)

Mass scale of new physics ~ 10 TeV!

''''''''''' Nature 506 67 (2014) = i . 0 ] 10 s
=E§E EEEEEEEEEEEEE A(IZCW—CHJQ?:‘)) (TeV)




PVDIS @ SoLID:
Large Kinematic Coverage
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PVDIS @ SoLID

[ Qweak + APV
I SLAC-E122
1 JrLab-PVDIS

I all data 2019
« SM
[1 SoLID (expected)

0.5 T
0.4 [
03 [~
0.2 [~

01

= dd]VA
o
I

2d

=041

-0.16

-0.18

-0.20 =

-0.76-0.74-0.72-0.70-0.68

| | | 1 | 1 1 | 1
-053"_"09 -0.8 -0.7 -06 -0.5 -0.4 0.3 -0.2 0.1

L)
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[2 gau_ gd]Av

[2Cy, - Cyq1

L

[2Cyy- €141

New physics reach of
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PVDIS @ SoLID - Installation will start just after MOLLER.

Ll , { 3
Leptophobic z
1 Qweak + APV B all data 2019 5 q
Bl SLAC-E122 . SM @
1 JrLab-PVDIS 1 SoLID (expected) ‘
0.5 I I [ | I | | %4 z' [Beamline]
0.4 [ . q
€ q
i “|eVirtually all GUT models predict
0.2 eLHC reach ~ 5TeV
wdil _eLittle sensitivity if Z' doesn’t
. u
couple to leptons §
. T | Since e-vertex must be vector,  ° |
S 0af 4 the Z' can’t couple to the C1q if A
there is no electron coupling: i e
-0.21 i ) p.sa‘)
can only affect C, ’s - 052" e 97
03 -1 - $51, 1, 952
| @569 50
= = - .50
S 7 -0.76-0.74-0.72-0.70-0.68 5 i o5t a6
L 1 I 1 L 1 1 I 1 imit < - o8 O
05— b5 b7 be 55 s b3 bz b7 o current limit <100 GeV i P o
0.610 .
[2 gau_ gd]Av k .‘m"”
SoLID can improve sensitivity: T Y T T .
.“msmurum 100'200 GeV range .
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Running of Weak-mixing angle at EIC - PVDIS

ePolarizedeonp

oDIS regime (not like P2) 0.244 - s
oRequired precise knowledge ~ . i
Qweak(first)
of PDFs 0.242 — s - —#— EIC e-D: 10 GeV x 125 GeV/u
ePolarizedeond ~ . —+— EIC o-D: 15 GeV x50 GeVAi
olsoscalar targ.et. - Reduged 0.24 — s e
need for precision PDF input -
= 0 238 — —+—— EIC e-D: 20 GeV x 125 GeV/u
2 ~ APV(Cs)
< 0236
NC |
Z!1ao, Deshpande, Huang, Kumar, D o34
Riordan —
-Performed Simulations at EIC 0.232 :_
- APV(Ra")
023 1}
Talk from Michael Nycz —
B | 1 1 1 I 1 | | 1
0.228_3 ) 3
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Other possibilities

e Moller scatteringat an ILC

e Fixed target Moller scattering - Order of
magnitude better than MOLLER.
e Timeline????

e Weak mixing angle at DUNE:
o High neutrino beam intensities
o Relatively smaller uncertainty for neutrino-electron than neutrino-nucleus
scattering
e Challenges:
o Neutrino-electron cross-section is three order smaller than
neutrino-nucleus scattering - statistics
o Flux and energy distribution of neutrinos
m PRISM (near detector) - moves perpendicular to the beam - on- and
off- axis measurements

75 ton LAr TPC; 1.2MW proton beam with 7 yrs of
data taking -2% measurement of sin28W

e FEC-ee, CEPC - timeline..

NUCLEAR THEORY

. E158 Lc
Energy (GeV) 48 250-500
Intensity/pulse 4.5 x 101 14 x 10!
Pulse Rate (Hz) 120 120
y 85% oh%
Time (s) 5 x 10° 2 x 107
An (ppm) 0.15 1-2
5AL, (PPM) 0.015 0.008
5sin®(By) 0.001 0.00006-8
Ep =[0.05, 20] GeV — DUNE v + ¥ modes
ISERRRLILI B e B b e L B R e
0.244 -
- — DUNE - PRISM
C — On—Axis 7y i
0.242_— ~ —
» DUNE ez
0.240_— 1 Eee T |
I~ = —e ‘ l s
< 0238 } | zey ]
E 0.236F ‘ .
E pvor
0.23.1_— APV(C _
0‘230__ R NN 1T M IR TTT] B S SR AT 1T N A R TTTT] ||||||||"J| Ll
10°® 1072 10! 10° 10t 10% 10%
PRL 125 051803 (2020) Q [GeV]
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Summary

0.245
% Measurements of the Weak Mixing Angle measuredmems
. + propose
> Central to our understanding of the SM
> Likely remain central in our search for new physics o.240 Qy(p) IQw(e) o 'B’g
‘ o L . o T o
% Aproblem involving (both experimentalists = f\ &)
and theorists) - Atomic, nuclear, & 0235 Qu(8EN) g
higher-energy, neutrino.. % &
> Challenging and exciting future for everyone..
Tevatron LEP 1 ILHC
0.230 MOLLER = SLC
% Upcoming facilities, upgrade s

Mainz-P2 T 1 SoLID
> Pushing measurements to well below sub-percent

levels 0.225 .,
> Reaching to limits where more robust theory 0001 0001 0L G 1 10 100 1000 1000
calculation required u [GeV]

A remarkably productive research program that will continue to

-~y flourish over the next decade
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