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New Physics and SMEFT

None new fundamental resonance since 2012 but anomalies bursting
“SWIH”: Where, What, Why, When, Who, How NP
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Dipole Operator

v Connect Mass and E/M Dipole Moment
v Loop-induced by the UV BSM
o v" Cause Chirality Flip

especially for the “4.20” New results from Muon g-2 Liang Li
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Dipole Operator

v

especially for the “4.20™
Direct & Dominant

ppt 0 2 4 6 8 10 12
@[ fod Harvard 2008
——e—i  Harvard 2006 UW 1987
180 182 184 186 188 190 192
(9/2 - 1.001 159 652 000) / 102
ppb -5 0 5 10 15
(b) re  Harvard 2008
Rb 2006 —e—  Harvard 2006 Cs 2006
8.0 8.5 9.0 95 10.0 10.5 11.0
(o« - 137.035 990) / 10°
BNLg-2 ————

A

FNAL g2 4——@——+

Syt

(

420

)

N

—
Standard Model

+——+

Experiment
Average

175 180 185

Bhung Sing-Kai (Peking Univ.)

190 195 200
a,%10° - 1165900

205 210 215

Loop-induced by the BSM

Encode information about
heavy particle interactions
Indirect probes of quantum

effects of NP
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Z' and dark photon model
NMSSM (SUSY)
Scalar extension......
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Implications of muon and electron g-2 anomalies for NMSSM

C108, 7

v Connect Mass and E/M Dipole Moment
v Loop-induced by the UV BSM
v" Cause Chirality Flip

Fei Wang
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Result for AaT™", Ad2™!
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(1,1,2)
(1,2,-1/2)

(3,2,1/6)
(1,1,0)
(1,1,-1)

Excluded: A, <0
Excluded: Aa, <0
Updated in Sec. 3.2
Excluded: Ag, <0
Updated Sec. 3.3.
Excluded: LHC searches
Excluded: LHC searches
Updated Sec. 3.3.
Excluded: LHC searches
Excluded: Aa, <0
Excluded: Aay, too small
Excluded: LEP lepton mixing
Excluded: Ag, <0
Excluded: Ag, <0
Excluded: Aa, <0

Special cases viable
Excluded: LHC searches

Excluded: LHC searches

Excluded: Ag, <0
Excluded: proton decay
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~ Dipole Operator

v Connect Mass and E/M Dipole Moment
4 v Loop-induced by the UV BSM

o v" Cause Chirality Flip
especially for the “4.20” Loop-induced by the BSM Chirality flip
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Proposal and Data for Dipole Operator

In Global Analyses, EW dlpole couphngs constrained poorly
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dlpole 2

only small non-interfering effect with ‘
LHC Drell-Yan: 0(107*~1071)
LEP Z-boson partial width: 0(1074~10"1)

EFT running for interpretation (g — 2),: 0(107°~1072)

T




How to Probe Dipole Operator

—_—

Our proposal:
V' Cgipole//A?, interfering with the massless SM

v Without depending on other NP operators

v" Transverse polarization effect

v" Non-trivial azimuthal angular distribution

Single Transverse Spin Azimuthal Asymmetries

2 :
> |Cdl-pole| /A*, small effect from non-interference

» Bothered by other operators and assumptions
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Transverse Spin Polarization

Transverse polarization effect —> Interference of helicity amplitudes

—_—

Breaking the rotational invariance & A nontrivial azimuthal behavior
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Only the azimuthal difference between initial § and finial p; physical meaningful

Only dipole operator contribute to M+ while ]V[f_]\f = 0, massless SM only M.+ # 0
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A New Probe of Dipole Operators

' Transverse Spin Ahgn;d %’ig 4
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Using azimuthal asymmetry instead of polarization asymmetry
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Pinning down Dipole Operators
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Pinning down Dipole Operators
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Pinning down Dipole Operators

. . ) ) ) o Aligned Spin
For the imaginary parts of dipole couplings, things are similar do = G0 = 0
' . Opposite Spin
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Offering a new opportunity for directly probing potential CP-violating effects.
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Transverse Spin

trigoger generate
SPLW observables are

Lmportant probes to catch NP.
Dipole ® SM — cos ¢ & sin¢

characterize

v" Dipole operators flip fermion helicities being ideally studied at 1/4? through--
Single Transverse Spin Azimuthal Asymmetries
v' STSAA simultaneously determining both Re & Im parts without impact from other NP,
offering a new opportunity for directly probing potential CP-violating effects.
v" Our bound could be reached around O(0.01%~0.1%), much stronger sensitivity than

other approaches by 1~2 orders of magnitude g g
Our Study 0.0002 | 0.005
LHC Drell-Yan | 0.0765 | 0.197
Z Partial Width | 0.0582 | 0.093

Thank yow (-2, 102 | 1076
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Backup: Some Formulae
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Superposition of the two helicity states

A e .
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Backup: Polarized beam realization
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¥

Transverse polarization is more natural
Sokolov-Ternov effect (92.4%, minutes-hours, 50GeV)
Laser-assistant

Spin-precession i

Photon-based scheme: |
Polarized positrons are produced via pair production in a thin target from circularly-polarized
photons with energy of multi-MeV (up to about 100 MeV). The cost difference between an
polarized source and an upgrade from a unpolarized source is small (~ 1%). At 500 GeV, loss of
polarization <1%, at IP <0.25%.

Polarized electron source consists of a polarized high-power laser beam and a high- voltage dc
gun with a semiconductor photocathode.

Only polarization parallel or anti-parallel to the guide fields of the damping ring is preserved.
Need to avoid spin-orbit coupling resonance depolarizing effects.

The spin rotator systems between the damping rings and the main linacs permit the setting of
arbitrary polarization vector orientations at the IP.

z
B, =B, sin(kz)

Peak field = B,

2z
Period = 4, = T

The ILC damping rings specify wigglers with
iod 40 cm

peak field = 1.6 T and period 4 .

Polarized-photons source:

I.  ahigh-energy electron beam ( >~ 150 GeV) passing through a short period, helical undulator.
(E-166, SLAC)

II. Compton backscattering of laser light off a GeV energy-range electron beam. (KEK)

In both schemes a polarization of about |Pe+ | > 90% is reported.
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