Fundamental Symmetries and
Spin Physics beyond SM

Wide Range of probes and techniques

17 talks ( 6 theorists and 11 experimentalists )

- PV electron scattering ( 2 expt. ),

- EXxotic spin-dependent forces (1 expt., 1 theory)
- n electric dipole moments (3 expt., 1 theory)

- p, D EDM (2 expt., 1 theory)

- nuclear EDM ( 1 theory)

- charmed baryon EDM (1 theory/ expt. )

- Atomic EDM ( 3 expt., 2 theory)

- Dark matter/axions ( 2 expt., 2 theory )

Dipangkar Dutta (MSU), Andreas Wirzba (FZ JYlich)



Parity violating electron scattering
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Exotic Spin Dependent Forces

------------

1. Initialization
2. Superpaosition
3. Accumulate phase

4. Interferometer
5. Readout
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EDM searches have tremendous discovery potential
BSM discovery territory

Experimental constraint
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Acc. sensitivity (16) (1E-26 ecm)
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TLT Neutron EDM projects
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New Kid on the Block (TRIUMF UCN source )
TUCAN Collaboration
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Radium EDM Matt Dietrich (ANL)
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BSM searches with hyper-polarized gasses:

(3He/129Xe spin clocks)  w. Heil (Mainz)
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EDM of Charmed Baryons using bent crystals @ LHCDb

absorber

y detector
bent A + acceptance

LHCbeam g

beam halo e

Symmetric configuration

Diagram not to scale

o How to put polarized A} inside the crystal

» Fixed-target + bent crystal in LHCb beam pipe

» Incident beam: 7 TeV protons extracted from LHC beam halo using
bent crystals =~ 100m upstream of the target

» Feasibility proven by UA9O collaboration  Physics Letters B 758 (2016) 129

» Initial transversal polarization so ~ 50%

o How to measure the spin precession Phys. Lett. B 757 (2016) 426
CERN-SPSC-2016-030

» Angular distribution of the decay A7 — pK~ @™  Eur. Phys. .C 571%%1(72)01187;

dN/dQQ x 1+ as -k Eur. Phys. J. C 77 (2017) 828

o With few weeks of data taking (=~ 10"
protons on target) the EDM sensitivity
would reach o5 ~ 10~ ecm

@ The Al magnetic moment can be

measured, for the first time, with _ _ _
Og2~4x1073 Joan Ruiz Vidal (Valencia)



2H EDM @ COSY WASA polarimeter
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What can theory (lattice) say about the nEDM?
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Nodoka Yamanaka (IPN Orsay)

Nuclear level CPV hadron EFT : GeV scale CPV QCD TeV scale CPV QCD
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Nodoka Yamanaka (IPN Orsay)

EDM of light nuclei and counting rule

DM of light nuclei cae measuredusmg storage rlngs

~<zNo SchiffOs screening

<z Very high sensitivity to new physics expected

Isovector coupling obeys

a counting rule Example — _2H cluster
of 11B EDM:

daPo) ™d(23H) + N x 0.005 G @ e fm

El?rll\/l of (r:]IushtellfI " -N polarization
WITOPEN ShEL (times # " -N combinations)

<z Explained by the cluster structure
NY, T. Yamada, Y. Funaki, in preparation

Isoscalar and isotensor appears from diis = 0.02 G, e fm
single valence nucleon and 3H cluster
(vanish for " -N polarization )




Spin In curved space-time and gravity Kolya Nikolaev (Landau ITP)
Induced false EDM effects
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False EDM from gravity induced imperfectio n Kolya Nikolaev (Landau ITP)
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» Standard Candle to study systematics



Yevgeny Stadnik (JGU Mainz)

Axions & ALPs,
scalar-pseudoscalar interactions,
pseudo-magnetic belds

Manifestations of Dark Bosons
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Constraints on Interaction of Axion Dark Matter with Gluons

NEDM constraints: [ nEDM collaboration, Abel et al., PRX 7, 041034 (2017) ]
3 orders of magnitude improvement !
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Susan Gardner (U Kentucky)

Our dark-dominated universe and Its baryon
asymmetry speaks to possibdiedden (or visible?!)
particles, interactions, symmetries and more that

we may Yyet discover

Such new physics could arise at either
1) high energi&gith O(1) couplings to SM particles
Here low energy & CoEI)IlderDstudles are complementa
or
— i) low energiesith very weakcoupings
to SM particles
Largely unexplored! Low energy studies
have unique discovery potential!




New High or Low Energy Physics?

With new low energy degrees of freedom (dof)
new dimension 4 operators appeark.

Including SM dof act as OportalsO to a hidden s

l 1
L dim1 4 = EVH! Fu ! H H(AS + "S?) 1 Yy LHN
|Batell, Pospelov, and Ritz, 2009; Bjorken, Essig, Schuster, Toro, 2009

¥ Vector Portal e~

¥ Higgs Portal A’/,/‘Z" e

¥ Neutrino Portal X
Hunting Hidden ForcesE.

Much focus on the dark photon !A& the vector portal E
note impact on" g-2 (only simple Aexcluded)Pospelov 2009

Susan Gardner (U Kentucky)



» Susan Gardner (U Kentucky)
Mechanisms of 0! ™ decay

Why the energy scale of B-L violation matters

If it Is generated by the Weinberg operator, then SM electroweak symmetry

yieldsmy = "v2 J!.If" " land! # Vyeas then naturally m; $ m;!
N.B.ifm, " 0.2eV,then! " 1.6%10° GeV!

Alternatively It could also be generated by higher dimension |[* L| = 2

operators, so that m, is small just because d # 4 and ! need not be so large

[EFTs: Babu & Leung, 2001; de Gouvea & Jenkins, 2008 and many models]

Can we establish the scale of B! L violation in another way?

N.B. searches for same sign dilepton Pnal states at the LHC also constrain
the higher dimension (Oshort rangeO) operator$elo, kovalenko, Hirsch, and PSs, 2013]

Here we consider B-L violation in the quark secto
via n-n transitions



Heavy-Baryon EDMs Joan Ruiz Vidal (IFIC Valencia)
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Feasibility of a dedicated experiment (S2) explored in EPJ C77 (2017) 828



Final Words

Session 6/F:
Fundamental Symmetries and Spin-Dependent BSM
Lots of current activity,

many new upcoming results expected *
(see Spin2020) exciting times ahead

huge discovery potential

Thank you

to the organizers
(especially Paolo & Andrea),

to all the speakers
(+ apologies for butchering

SEPTEMBER .
2018 their talks) Of session 6/F,

and - last but not least -
to all the participants

Dipangkar Dutta (MSU), Andreas Wirzba (FZ JYlich)



