Selected results from Moriond

Neutrino physics, flavour physics (quark sector), dark matter (direct detection)

~100 talks and several hundred
experimental results

A very limited selection for this
discussion

Many slides borrowed from
Krisztian Peters Marumi Kado (thanks!)
DESY, 17.4.2023
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Accelerator Neutrinos

NOVA The current two main players vuy-beam experiments!
T2K
Super-Kamiokande
Mt.Noguchi-Goro Dake T2 K
2,924m
Mt.Ikenoyama Near Detector
1,360m
Neutrino Beam
Fermilab ‘10 K Ash River < 295km >

810 km

490 km/GeV - E 0.6 GeV - 2.5° off-axis

810 km/GeV - E 2 GeV - 0.8° off-axis

Improved sensitivity to mass ordering!



Parameterisation of neutrino mixing

Pontecorvo-Maki-Nakagawa-Sakata (PMNS) Matrix:
* 3 mixing angles: 6,,, 6,5, 6,5 SINCE 2012: all measured
e 1 Dirac-phase (CP violating): 6
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Really maximal? _
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Q,,= 33°

solar neutrinos,
reactor neutrinos

atmospheric neutrinos,
neutrino beams

reactor neutrinos,
neutrino beams
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® Flavour eigenstates; v,, v, and v,
(interact)

® Mass eigenstates; v, 15 and v3
(propagate)
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Long-baseline accelerator experiments
L/E ~10%"3 km/GeV are sensitive to

NO/IO,-and dcp
(also 6:3)



Accelerator Neutrinos

T2K : 2
- New analysis on the ~ 36 x 10?° POT collected up to 2020

- New analysis (with the addition of multi-ring events from
4 Simulated MR additional pions/decay products)

event with
2 decay e

Super-Kamiokande IV

Run 999999 Sub 990 Event 281

- Overall fit uses 6,5 from reactor data (bayesian and

frequentist analyses yielding consistent results), slight
preference for upper octant and normal ordering!

Time(ns)
. 7S

sin®fy3 < 0.5 sin®fy3 > 0.5 Line total

Normal ordering 0.236 0.540 0.776
Inverted ordering 0.049 0.174 0.224
Column total 0.285 0.715 1.000
11 1119 ~ 30 T T T T T T
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v & dcp best fit at -2.18 (-0.6947), CP conserving
values 0 and 7 are outside of 90% CL intervals



Accelerator Neutrinos

NOvVA - New analysis on the ~ 26 x 102° POT collected up to 2020

imi - NOVA Preliminar : :
vbeam  HNOvAPreliminary vbeam  NOAPreliminary (Bayesian analysis)
- 1 [ 1 New for Moriond
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> 4 o evidence of electron antineutrino appearance



Muon Neutrino Disappearance from Ice Cube

With Deep Core

down-going
cos(zenith)=1

.. up-going
{ . cos(zenith)=-1

~12,700km

cosmic ray
o

Wide ranges of both energy (E) and
baseline (L), and largest values

Neutrino distance of travel (L)
calculated using arrival direction

DESY.

le3 DeepCore 9.3 years
P 3.41 Normal Ordering 90% C.L.
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First-time using the highest-statistic (9.3yr) DeepCore
atmospheric neutrino dataset for oscillation measurements

Machine learning tools used for multi-purpose reconstruction

Results competitive Long Baseline results!



First decade of high energy neutrino astronomy

Neutrino-nucleon cross section, USIS [10738 cm?]

Center-of-mass energy /s [GeV]

date: June 11, 2014

most probable energy: 9 PeV

topology: track

,  10° 10! 107 103 10
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104 ¢ ¥ (projected IceCube-Gen2 Radio (10 yr, proje
£ won  lceCube tracks (avg. v + 7) Usin v fl
C g cosmogenic v flux,
C (IceCube 17) fit to TA UHECRs (Bergman & v
101 = IceCube showers (avg. v + 7) Using IceCube vy, flux (9.5 yr),
F (Bustamante & Connolly 17) extrapolated to UHE
L (o) IceCube HESE (avg. v + 7) Using cosmogenic flux
100 L (IceCube 20) from all AGN (Rodrigues et al.)
—* FASERv = vN DIS prediction b.f. & 1o (BGR18)
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Accelerator neutrinos, up to O(100 GeV)

DESY

Neutrino energy, E, [GeV]

Cosmic neutrinos

1011

Era of multi-messenger and
high-energy neutrino astronomy
(e.g. evidence for active
galaxies)



Collider neutrinos at the LHC

LA
Oz‘(,,),?e/ Charged charged particles (P<7 TeV)
particles o forward jets

Neutrinos

neutrino, dark photon

Residual hadrons

_— LHC magnets
3 100 m rock nggncets p-p collision at IP ° 480 100 m of rock
% of ATLAS m
c
2% 72<n<84 480 m On axis
SND Faser-v

DESY.



Collidr neutrinos at the LHC

_ ", Charged charged particles (P<7 TeV) s
- S/ : \,\'\ . :
particles . -

_;f

e e ey ASER

et forward jets
AL :

o S Neutrino
SCATTERING AND  praiimey - - .

adrons

NEUTRINO DETECTOR R
\ — LHC magnets
2\ 7700 m rock Mot - RSAEIon SN : 480 100 m of rock
CA of ATLAS m
c ¥
2% 72<n<84 480 m On axis

SND Faser-v

Experiment built from existing spare parts as
well as some dedicated new components Front Scintillator

veto system
Two 20mm scintillators
Tracking spectrometer stations Scintillator 350x300mm wide

3 layers per station with 8 ATLAS veto system
SCT barrel modules in each layer

Two 20mm scint.
300x300mm wide

Electromagnetic
Calorimeter
4 LHCDb outer
EM calorimeter
modules

\ 0\\1\’“e

D eca\l

Interface FASERv emulsion

Tracker (IFT) HCETIOR
1.1 ton detector
Trigger / timing 730 layers of 1.1mm
scintillator station tungsten+emulsion
i B neutrino target and
10mm thick scintillators tracking detector
. Magnets with dual PMT readout Provides 8\
Trlg'ge.r/ pre-shower 0.57 T dipoles for triggering and timing it
scintillator system 200mm aperture measurement (c=400ps)

1.5m decay volume

DESY.



Collider neutrinos at the LHC

Ly
& 1‘(/,7/7@/

Charged charged particles (P<7 TeV)

J \
particles . forward jets
> 4‘@ P ~ neutrino, d_ark-prtt;l
LHC magnets

100 m of rock
480 m

Neutrinos

Residual hadrons
100 m rock magnets

p-p collision at IP

of ATLAS
72<n<8.4 480 m On axis

SND Faser-v

£25& Preliminary L£=354f"!

SND@LHC
Preliminary 30 GENIE
% +¢  Data

Yu

~1.00 —0.75 —0.50 -0'.253 [2;'33-1]0"25 050 0.75 X11.892
5 events expected and 8 150 events expected and 153
observed (0.2 background) observed (0.2 background!!
Approximately 50 observation! 160 observation!

DESY. First time observation of collider neutrinos, a new aspect of neutrino physics
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Looking forward to the emulsion results!
Beam view

Side view
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Looking forward to the emulsion results!

Beam view : :
Side view

Dark Photon Exclusion

> With null-result, FASER sets limits on previously
unexplored parameter space
» Extends exclusion into region motivated by dark matter

ASer

Preliminary

Kinetic Mixing €

L =27.0 fb™

P 0 fb
Expected Limit (+1 Gy 90% CL)
Observe d Limit (90% CL)
Existing Limits

Relic Target m =0.6m,, 0,,=0.1

AdScra
Preliminary
100 pm




Further neutrino results

10° 4

z (eV)

10°1 4

DESY

Cosmology

i

—— normal ordering
- inverted ordering

v/, Planck

103 1072 107!

m; (eV)

Mgg (EV)

10° 4

=

10~

103

Neutrinoless BB decay

Mgp = Z Uei” - m;
i

//A GERDA
10-? 102 10
m; (eV)

mg (eV)

100 d

B-decay kinematics

', /g = ) IUal? - m
i

7/, KATRIN

0.8 Vs

103 1072 10! 10°
m; (eV)

0.7}

0.6"

ve +'t Ga =" Ge+ e~

Strong limits from double beta decay experiments and KATRIN

Anomalies do not seem to be interpretable as sterile neutrinos
(backgrounds and nuclear models)
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Lepton Flavour Universality in b — sll decays

LHCb

Y+

b — s¢¢ Observables

b — s€¢ decays in the SM

Possible contributions from NP

Supersymmetry Leptoquarks

seeseeep—s b e
t
- e LQ A
g
A s

New heavy gauge bosons
b—F———>r—35

\i){ﬁ'
-

7"

As EXP clean as possible...

r;/}b=1 [PRD 88 (2013) 3]

Ve

BB — K*utu)) BB — Kt Jjp(—[ee )

“T BB Kilete)) BB = K (— )

Increasing precision of SM prediction

/\
[UJHEP 06 (2014) 133] [PRD 107 (2023) 014511]  ,, (PRL 125 (2020) O11802] P grois Tate 2022 SM prediction
A - . ]
0.5- s Pl g C LHCb Run 1 +2016 R - Mo
C\l"— : E:{li; 1’?28 ﬂ [] SM from DHMV ] 0.045<g?<1.1 GeV¥c* [THEP 08 (2017) 055]
> 0.4~ ool 04 0SF - —— 0240
O] ; B ] 1.1<g2<6.0 GeV¥/c*  [JHEP 08 (2017) 055] :
15 ©  LHCb’l4C C .
0.3 [ — o wmon 0.3 C ﬁ N K F——i l3io
= = 0 LI<g<6.0 GeV2/c*  [NatPhys 18 (2022) 277] 3
~ - | C _+_ ] 0 | i 150
i—z’) 0.2 Bl 0.2 - ) a E 1.1<I(qi§6.OGeVZ/c“ [PRL 128 (2022) 191802] l
= & - } - n _ 4 I i . l4o
'S 0.1+ ~0.1 =05 o |: '—+_' 5 2 0.0415(< 246.0 GeV¥/c* [PRL 128 (2022) 191802]
2 v(25) - S + 4 —+—+ . : B
pK N
0.0 . r r r ~0.0 1 I | . 0.1<¢%<6.0 GeV¥c*  [JHEP 05 (2020) 040] :
- 1 L 1 L L L L 1 " L L ce e b b b b Ty
’ ° ;20[Gevz] Lo 0 5 10 15 06 05 -04 03 02 01 0 o0l
q* [GeV?/cY] RMHCO-RSM
SM cé-loop

Branching fractions
affected by form-factors °
and cc-loop

Angular observables
' affected by cc-loop

0

ot

Lepton Universality Tests

clean inspired by trying to find TH clean

observables 14



Lepton Flavour Universality in b — sll decays
LHCb

s Experimentally electrons are
Tl'T?’m>o_\,«_>s%9_“. e very different than muons and
| __..-~-"'_-—_’ . . ' . . . e ) .
s intricate to reconstruct! With a new tighter electron identification and taking
i s back g y into account all backgrounds, measurements are in
neaky backgrounds peakin .
. <y 9 p2 9 perfect agreement with the SM!
\\7 in B mass but at low g~ were
\ not identified yet (e.g.
- KKK, Knr) [arXiv:2212.09152] [arXiv:2212.09153]
A A A A A A S NSRS [ LHCb Rk low-g? = 0.994+3%%
15.0F LHCDb K*r~e*e”low-¢¢ I LHCb K*mete lowg ] 1.4 i . K 0w q2 ;ggi;
& RUN 1 (3fb) + Data (Weighted RUN 2 (6fb7) + peta (Weighted) I Ofb Ry central-¢° = 0.9497 47
;12-5 F Smooth combinatorial like T Smooth combinatorial like 7 9 10.099
= 100 — el i B — i B Lol Ry low-g" = 0.92770.005
§ 75k i i L Ry~ central-¢> = 1.027307%
"% 5.0F T E :
s o

R k-

it A T

00 4250 4500 4750 5000 5250 5500 5750 4250 4500 4750 5000 5250 ) 5500 5750
m(K*m ete™) [MeV/c? m(K*r~ete”) [MeV/c?
150F LHCb K*r~ete” central-¢> I LHCb K*n~ete™ central-¢> ] 08 B
—~ Data (Weighted Data (Weighted -
T Rov1(ant) e Row 2 (6667) i (e i {4  Data
> 12.5¢ Smooth combinatorial like T Smooth combinatorial like X2 — 1 6 p= 0 812 o= 0 2
L BN Peaking (broad) BN Peaking (broad) - T : ’ )
= 10.0F B Peaking (sharp) + B Peaking (sharp) B 0 6 S SM
~ -
1) .
75F r b
~
2}
5 50 1 + ] Ry low-¢> Rp central-g> Rg- low-¢° Rpg- central-g2
O 2'5 I -
0.0 '“1' iLh A S T S n
’ 4750 5000 5250 5500 5750 6000 4750 5000 5250 5500 5750 6000
m(K*r~ete™) [MeV/c? m(K*n ete™) [MeV/c?

DESY.



Lepton Flavour Universality at tree-level in b — clv

LHCb
Two updates from LHCb:
R BB = D)
= Both TH and EXP clean! _
B (B° — D®-puty,) 1. Combined measurement of R(D) and R(Dx)
with a muonic t decay
-’x_-\ 0.4 -l LI I LELELEL I L I LI I L I LI I LI I LI I 1 |-
S [ [HFLAV Preliminary] Ay’ = 1.0 contours P
0.35 :_ Bellel5 DaBarl2 —:
- . 1.90 tension with SM, WA:3.3¢ —3.2¢ wrt SM
0.3 N g LHCb22 “__ . . New for Moriond
B LEEE, ' 2. R(D+) with a hadronic r decay! e
0.25 - ’ \;f'\B\e!l‘elQ h Signal: B® -» D**1™ 7, Normalisation: B » D** 3w * ;* K
: BV : Do#»”+
B Belle17 - p 0 .z 20 __1_)*+' .
B PRD 05 (2017) 115008 World Average - i Ja 4 5 ammem I ja
0.2 =  $HFLAV SM Prediction JHEP 1712 (2017) 060 R(D) = 0.362 £0.024 +0.012 = v P VP N T
C Ro-omssom PO R =0278£0000 £0007
B R(D*) = 0.254 £0.005 EPJC 80 (2020) 2, 74 o 5 7 . . .
-I [ | I |(| )I 1 I L1 11 |Pz\‘;)lll]il‘;(l;ﬂlumllmig [ | l 111 Pl(xu) T2|2/:] 1 L1 11 | 1 |- NO tenSIOn Wlth SM, WA'3'2G _)3'00- Wrt SM

02 025 03 035 04 045 05 055
R(D)

LHCb measurement of R(Dx) does not show any tension, still present in the more challenging R(D) channel.

DEsy Belle will play center stage when new result is out 16



CPV measurements Belle i

3 new results on time-dependent CP observables with penguins for Moriond

Measure B via time dependent asymmetry of B and B decays inferred from the relative

position of the decay vertices
_O

. + -
Beam spot constraint ~ _ Brag D™ Tag-side
e e - B\gertex .
___________________ sig T } .
X Do T /._/ K+ Signal-side 3 . @
T A~ At By DD<”_ vertex - ' o
~Y . ﬂ'_ ' ' -
zlmproved vertex resolution from pixel in spite of lower boost PIX8| deteCtor rad|US -~ 1 4 cm
. off. . off » Belle: By=0.43, Az=200um —> Belle II: y=0.29, Az=~130um New for Moriond New for Moriond New for Moriond
sin(2B™) = sin(207 ) EW 2023 EW 2023 i EW 2023
T T T —— 0 Belle Il ; iminary 0 60 :2;'?539 (q=+1)*'— Belle ll(preliminary)
o F 2 o\ A . E 240} [ rdtose : g:g qu ti; 1 Belle Il prefiminary 0 7 o @ f Ldt=362 b
B d - NwE Za3tB->0Ks = 1 g % 'det=362fb" . +q=+1’5;,g « |
“EE w0 8 S 40| B-KKKS TD Lo a="1, By 2
0a I § (excl{?t?L>095) = 8 20 F 1 - o .
= 3 . E g 8 ol 1 o
0.3 :— 2 —E O 10 + - ﬂ :
E 2 3 o ‘ & 20F I E
o1 & £ 0.0 = | oF i £ o4f —4—
¢ E §' i ‘J»-'l - 1 1 1 1S 0.2 —
0'0-0.4 — 2-01.2 — 0.0 o.lz — 0.4 — ofs I 1‘. < -05 ‘\+.I_/ ) |\T\_ 0 8 6 4 -2 0 2 4 6 8 g, :8:(‘2: M
. interference - Atc[) ° Atlps] D e B B S —
ps] At [ps]
Results are already on-par or comparable B-> ¢ K B->KsKsKs B->Kro
with world’s best and illustrate with
T . Acp =0.31+0.2070-0 Acp = 0.0779:-15 +0.02 -
much less luminosity, the improved o © o0 Acp =0.04£0.15+0.05
performance of Belle-Il. Scp =0.54£0.267 g Scp = —1.377y5 £ 0.03 Scp = 0.751320 +0.04

HFLAV: S = 0.74+0.11643 A = -0.01+0.14 HFLAV: S =-0.83+0.17 A= 0.156+0.12 HFLAV: S = 0.567+0.17,A = -0.01+0.10



Belle Il - Tau Lepton Mass

Sasha Dreyer

— : +
» Large ete™ — 77 cross-section and clean » Reconstruct Tig — JT_(JZO)I/, £V and Tsg = 3nv
environment allow high precision T measurements (v missing)
«10° 1776.8? +0.12
50:_ Belle Il Preliminary ¢t data ;
< F [Ldt=189.9" — fit B (180 e w025 |
S - 1776.96 451 .17 i
E sk 1776.61+ 0.13 = 0.35
g S KEDR (2007)
n - +0.25 :
'© 20[ detector resolution 177681 o5 =015 E
o I BaBar (2009) — B
W 4oF 1776.68 + 0.12 + 0.41 ;
' BES IIl (2014) RaR
0 ""'""""""""""+" 1776.91+0.12 30;3
»w ok } } Belle Il (2023) Preliminary P
I L — --+----+--¥-}----- X W SO N 1777.09 + 0.08 + 0.11 § New for Moriond
n._2:_+++ H++ } Fro +++++ i1 : EW 2023
17 1-72 1174 1'76 1'78 1'8 1'82 1'84 IIIIIIIIIIIIIIIILIIIIIIXI
' ' ' ' ' ‘ ' ' 1774 1775 1776 1777 1778
M., [GeV/c?] ,
M, [MeV/c?]
» Benchmark for precision capabilities of Belle |l
» Control of systematic uncertainties is key: World’s most precise measurement of the

M2 | -5
y My = \/%+ 2/s/2|~ EX)EE ~ PE)|< m tau mass (6. 107)!




Direct Dark Matter Searches

Xenon nT Hot Off the Press for Moriond! LZ Results

Science Run-0 Nuclear Recoil Search Data Science Run-0 Nuclear Recoil Search Data
95.1 days exposure 60 days exposure

(4.18 + 0.13) ton Fiducial Volume (5.3 = 0.2) ton Fiducial Volume

Exposure: 1.1 tonne-year Exposure: 0.9 tonne-year

New for Moriond
EW 2023

! drift time !
j\ — (depth) _

timg»

Both are dual phase Xenon TPCs
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Xenon nT results

120 ————7 T+ N ER B Wall Neutron HEllAC WIMP BN ER I Wall Neutron [l AC WIMP
I Electronic Recoils (ER) ] 104k
100E l XENONIT ] [
g o l ’Hh 1] [rl [ ? ]
$~, T . T . -.": .. .
o B 1 l 1 — ..0.-.-.. ..-,' =
S - T - =
§ 40 5X I - N 3 l' 2
iz XENONNT v 1 G 10°p -
201 { IT ,}IITIT,I TIIII I-
i I ITi T1 111111 1Y
% 50 15 20 2530
Energy [keV] 3
0 20 40 60 80 100
cS1 [PE] -60-40-20 0 20 40 60

Background reduction: careful
screening, material selection and
continuous radon removal through

X [cm]

XY asymmetry in unblinded

data (13 events in one
quadrant)

152 events in ROI, 16 in blinded region

distillation VTS i
Best fit indicates no significant excess

Low energy ER excess gone _ _
Not observed in corrections,
quality selection or calibration

data

DESY 20



Direct dark matter searches

DESY

WIMP-nucleon cross-section oS[cm?]

10—43

10—44

10—45

10746 |
1047

10—48 -

New for Moriond
EW 2023

P 1 L PR TR T T T |
10 102

WIMP Mass Mpym [GeV/c?]

Xenon nT First results!

LZ Achieved leading sensitivity

Xenon/DARWIN and Lux Zeppelin join forces
for future project, however meanwhile...
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Direct dark matter searches
Xenon nT and LZ

10~ JE BALERY J LI | ‘ Lo ERTR)
LZ sensitivity (1000 live days) — LUX 2017
—_ 43 Projected limit (90% CL, one-sided) —— XENONIT 2018
< 10 [ zloexpected PandaX-4T 2021
+20 expected (corrected)
10-4

107~%

111 llll | llllI_Ll lllllllll L

[ IIIIIIII I IIIII"] LILILLLL

10746

10—47

SI WIMP-nucleon cross section [cm

1074

10—49

10 100 1000
WIMP mass [GeV/c?]

DESY.

Xenon nT First results!

LZ Achieved leading sensitivity

Xenon/DARWIN and Lux Zeppelin join forces
for future project, however meanwhile...

Still a lots of data to comel!
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SBe Anomaly and PADME

=150mev | B(p, e'€)'’C

Events / (3 degrees)
3
o

a 3
o O
IIIII]IIIIIIIII]HII lIlq_L?_LI,II

450 t The ATOMKI institute DA®DNE Beam Test Facility is the only facility in the world with
o & observes the long a positron beam at 282 MeV (yielding 17 MeV centre-of-mass
g ZZ standing 8Be anomaly, collisions with fixed target electron!)
g w00 b observed also in *He
§ 550 _ and 1zc, ie. a PADME experiment (Positron Annihilation into Dark Matter Experiment)
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Axions : an Ambitious Program... In Hamburg

Andreas Ringwald
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Helioscope: Sun shining through a wall
[Sikivie 83]
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Haloscope: DM shining through a wall
[Sikivie 83]
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Axion-Photon Coupling |g.,y,| (GeV?)
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Electromagnetic

high-frequency gravitational wave detection
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