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New Physics and SMEFT

We need new physics and new measurements to answer open questions:

1.What is Dark Matter ?

2.What is the origin of the neutrino mass?

3.What is the source of matter-antimatter asymmetry?

4.What is the nature of the electroweak symmetry breaking?

5.What 1s the nature of the Higgs boson (Composite or elementary particle)?

None new fundamental resonance since 2012 but anomalies bursting = NP
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New Physics and SMEFT

None new fundamental resonance has been discovered.
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Dipole Operator

E/M Dipole Moment Loop-induced by the BSM
Direct & Dominant Effect Indirect probes of quantum effects of NP
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May have same physics source
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Data for Dipole Operator

EW dipole couplings constrained poorly in traditional method via cross-section and width
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How to Probe Dipole Operator at 1/A?

Our proposal.:

v' Transverse polarization effect of beams

(Interference between the different helicity states)

v Caipote/ A, interfering with the massless SM

v Without depending on other NP operators

v" Non-trivial azimuthal angular distribution
Single Transverse Spin Azimuthal Asymmetries
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Transverse polarization effect = Interference of helicity amplitudes

Breaking the rotational invariance => A nontrivial azimuthal behavior

Ken-ichi Hikasa, Phys.Rev.D 33 (1986) 3203, PhysRevD.38 (1988) 1439
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Transverse Spin Polarization

Spin dependent amplitude square:
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A New Probe of Dipole Operators

- Transverse Spin
tri%y | %mmte
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Pinning down Dipole Operators
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Pinning down Dipole Operators

1 - 5 H Aligned Spin
Eeﬂ' = ——ELO"U‘ (glI‘%BMV -+ gzr%/aawsy) v—2€R—|-h.C. ¢0 _ QBO -0

V2

The sensitivity to I’y is much stronger than I}/

Opposite Spin
(¢, d0) = (0,)
Vs =250 GeV,L =5ab™!

Ap\(Iy) < Agy(T7)
Parity property

My = M M__(g, < gr)

(M5 5~(g1 — gr)GE+IRITS + I7]

SM (g7 +9g) = —%+ 2sin? 0y, < 1
SM WWy < WWZ

e __ e 2 e
w = 1% +syly

Re[I'%]x10°

_ o*(cos¢ > 0) — o*(cos ¢ < 0)
LB ™ Gi(cos¢ > 0) + oi(cos ¢ < 0)

9
— 24
T R

T E——




Pinning down Dipole Operators
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Offering a new opportunity for directly probing potential CP-violating effects.
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v The muon g-2 data may hint the NP effects from the dipole operators, but their weak
interactions are difficult to be probed since the leading effects are from 1/A4*
v We propose a new method to probe dipole operator at 1//A?% via transverse polarized beams
Single Transverse Spin Azimuthal Asymmetries
v' STSAA simultaneously constrains well 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

v" Future colliders (Z/Higgs/Top factory...) |7 Iy
Our Study 0.0002 0.005
LHC Drell-Yan | 0.0765 | 0.197
Z Partial Width | 0.0582 | 0.093

Thank yow (9-2). 102 | 1076

Polarized Muon collider, hadron colliders, electron-Ion collider

Xin-Kai Wen (xinkaiwen@pku.edu.cn) ECFA-HTE mini-WS@CERN
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Backup: Some Formulae
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Superposition of the two helicity states
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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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