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Flavor In the Newsl!

3 unconfirmed anomalies that involve Muons
Possible connection to Lepton Flavor Universality

Proton radius puzzle (6 o)
u-H atom result differs from e-H and e-scattering
Muon g-2 (~3+ o); Deviation from theory -- new physics?
Lepton Flavor Universality; possible deviation O(10%) :
B — D*tv/IB — D*uv, B -K*u y/ B —-K*ee
R(D*), R (K*): (3.7, 2.5 0)
Quarks and leptons must both involved!

DRIENY & MEZQ

address related flavor issues.
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Charged Lepton Flavor Universality

Experiments compare expectations assuming g.=g,,=9,
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LFU Tests: Sensitivity to High Mass Scales

New Pseudoscalar interaction
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0.1 % measurement—>A~1000 TeV
Assuming non-SM Higgs’ couplings. Marciano...
-Leptoquarks

OtherS -Excited gauge bosons
) -Compositeness

-SU(2)xSU(2)xSU(2)xU(1)
-Hidden sector ....
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7Z-+ _) e+V(7/) W. Marciano — V. Cirigliano

h _

e/ u
Possibly the most accurately calculated decay process involving
hadrons. Structure-dependent radiation included (v. small).

w PVEND nitial result @ x 105 events)

ROP* =1.2344+0.0030x10* : = = 0.9996 +0.0012
9.

PDG: R} =1.2327 +0.0023x10™" (+£0.19%)
Future: PIENU, PEN <0.1%
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E<52MeV

X,’ I=’I E NU
Full analysis nearly completed:
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PIENU Uncertainties

Error PIENU 2010 PIENU goal
Statistical 0.19% 0.07%
Time Spectrum 0.04% 0.04%
Tail Correction 0.12% 0.06%
Others 0.07% 0.04%
Total 0.24% <0.1%

Full Data Sample: 3x10° z* — e'v Events

Precision Goal:
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+0.1% (Coming Soon!)



& Pl E NU
2019 Search for Heavy Neutrinos in z* — u'v, Decay

Order of magnitude improvement: 15-34 MeV
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PIENU 2018: Search for Heavy Neutrinos in 7= — e"v,, Decay
Substantial improvement: 60-120 MeV - 1028level

Positron Energy (MeV)
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2019: Improved limits MeV-GeV

“LFU Violation” Example:
Massive Sterile Neutrinos e.g. n*—e*v,,

R. Shrock and D.B
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T —> uv

Sterile neutrinos
could range in
mass from eV to
GUT scale;
constraints from
oscillations,
cosmology,
HEP....
Possible
correlation with
LFV, LNV....



The NA62 detector

Measurement of K* — z7vv and other rare decays NAGZ ()

Aiming for 10% precision for SM K™ — z7vv

BR(K* — ntwi) = (1.78 T18) x 1071°

BNL E787/E949: PRL101 (2008) 191802

BR(SM)=9.11+0.72 x 10™

NA62 physics data taking started in June 2015

NADZ Q (:Llfrw \/.'
| NAG62 Apparatus -
Ejl\;[]-runeter Halldron
75 GeV K* Detectors for Secondary Beam EM. (forward) SEaE s

decay in flight

Kaon ID (KTAG)
Beam Tracker
Beam guard ring (CHANTI)

calorimeters
lar gec mg]e s \‘

SPS proton ’ Secondary Beam »

Total rate: 750 MHz
Beam size: 6.0 x 2.7 cm?

Kaon Decay

400 GeV 75GeV/c,Ap/p~1% ~5 MHz Charged particle tracking
102 p/s XY Divergence <100 urad 4.5 x 10'2/year Charged particle time stamping
3.5 s spill K(6%), (70%), p(23%) 60 m length Photon detection

1078 mbar vacuum

Detectors for decay products

Particle ID

1m CHANTI Y ] Most
l/ e L B efficient
e ] : J o :
—= == : = r
1 Momentum Befkn d ete Cto
selection & tracker - ever
collimation = g N | 1 [ H
| N e built.
4 ' EM.
- Straw calorimeters
~100 m ~150 m  SPectrometer (sl angles)
| ' - >

In operation 2015-2018 (2020-2022, to be proposed + beam dump mode)
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Bordone, Buttazzo, Isidori, Monnard ArXiv:1705.10729 5 W v

Testing LFU with K* — vy """

i W

Involves third generation quarks (top) and leptons (z,v.)

EFT approach to LFU violations new interactions with U(2), x U(2), symmetry.
NP coupled to left-handed lepton and quark singlets. Tuned to R(D*)=1.25*SM.
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First NA62 Results on K*->m*vw | WVA62 Q|

2019 Phys. Lett. B 791 (2019) 156-166, arXiv.1811.08508

N(Bkg) = 0.15210:033 Istar +0.0135y5; N(K) = 1.21(2) x 101
N7vu(SM) = 0.267 £+ 0.001 ¢ £ 0.0205y5¢ £ 0.032¢¢
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Br(K* — 77vv) <14x10™°(95% c.l.)

New decay in flight
technique works

>20 x more data under analysis 12



NAGZ

Search for Heavy Neutrinos in K™ —>e" [/ u4” v, Decays
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Dark photon 2019 NA62 Q

arXiv.1903.08767, accepted by JHEP

* Used a subsample of U
2016 data: ~ 1% of the
2016-2018 period 10°

* Data driven background
estimation

¢ Scan on mass
hypothesis and counting

in mass window

T
¢ No excess observed 10

e Upper limit set with CLs
L L ! ! ! L ! ! ! ! L | ! ! ! | L ! ! |

at 90% C.L. on number 40 60 80 100 120 140

of signal and translated M, [MeV/e?]

to €2

Moreover:

Limit improved by more than three orders of magnitude: BR(n0 —YVV) < 1.9x10 7 at 90% CL

(Improvement on BR(rt0—invisible) over current limit of 2.7x107 is also possible)

Bryman IPP 2019 14



NABZ{, | epton Number Violation (2019)

K" - z'ee: K" > 7 uu:
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From J. Swallow at Moriond 2019
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NAG62: Beam Dump Mode

NA64, 510" eot
visible (solid), invisible (dotted)
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JHEP 1602 (2016) 018 107
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predominant eoupling to photons

Search for the decay: a->yy expected 90% C.L. exclusion contours

* account for geometrical acceptance

2 clusters in the LKr calorimeter )
¢ zero-background assumption

TP TP T W PP IR e

A11a1y51s of 2x1016 POT Collected in dump mode in 2017 2018 in progress

—
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2 TRIUMF

Rare Decay Group

TRIUMF/UBC: Bryman, Numao, Sher, (Mischke?*)
R.A.. Velghe, Nagao**
Students: Cuen (Ph.D. 5/2019), Feiler (B.Sc/M.Sc. 4/2019)

Support: NSERC, TRIUMF, Compute Canada, CERN
PIENU: CC:50 c.y., 600 TB storage ($30k p.a.)
NAG62: computing done at CERN

* Visitor, ** as of 9/2019
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RRENg g MEG2)
Papers 2018-2019

Improved search for heavy neutrinos in the decay m—ev, PIENU Collaboration (A. Aguilar-Arevalo et al.), Phys. Rev. D97

(2018) 072012,

Search for heavy neutral lepton production in K+ decays, NA62 Collaboration (Eduardo Cortina Gil (Louvain U.) et al.) Phys.
Lett. B778 137 (2018).

First search for K+—m+w using the decay-in-flight technique, NA62 Collaboration (Eduardo Cortina Gil et al. ) Phys.Lett.
B791 (2019) 156.

Search for heavy neutrinos in the decay m—uv, PIENU Collaboration (A. Aguilar-Arevalo et al.), arXiv:1904.03269
(2019,to be published).

Improved constraints on sterile neutrinos in the MeV to GeV mass range, R. Shrock and D. A. Bryman, arXiv:1904.06787
(2019, to be published).

Search for production of an invisible dark photon in 7° decays, the NA62 collaboration, E. Cortina Gil et al. J. High Energ.
Phys. (2019) 2019: 182. https://doi.org/10.1007/JHEP05(2019)182.

TRIUMF Project Support :
NAG2 LKr Calorimeter purity monitor
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2Pl E NU NAGZ {)
Summary: Rare & K Decays a

* Rare r and K decays: searching for new physics in K=2>1* vv decay,
lepton flavor Universality, lepton flavor/number violation, dark sector,
sterile neutrinos --- especially sensitivity to high mass scales.

* PIENU: Recent results on sterile neutrinos
* NA62: Recent results on K->1r* vv,sterile neutrinos, dark photons, LNV

* Improved results expected soon:

— PIENU
 Branching ratio: 0.1% precision
» Searches: exotic pion decays, + -> e+3v
» Direct atomic muon capture

— NAG2:
 K->m* vv branching ratio: several events at SM level 1019
« NAG62 Searches: K*>m* a, dark scalars, dark photons, sterile neutrinos,

m° ->vv, LFV e.g. K> pe, LNV, ....

 Future operation of NA62 & beam dump mode expected 2020-2022+

19
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