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H|gh energy:

“real” new particles can be produced and

discovered via their decays

— Discovery of the Higgs boson at the LHC - completion of the SM
— Tested scale : <10TeV

* High precision:
“virtual” new particles can be seen in quantum loops
. — Higher mass scale reachable (up to ~100TeV)

Direct and indirect searches are both needed,
both equally important,
and complement each other
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Direct and indirect searches are both needed,
both equally important,
and complement each other




Experimental landscape at MEW25

LHC

— Clean and well calibrated dataset of 150/fb, still numerous results from Run-2...
— Run 3 with a beautiful 2024 is ramping up, results starting to come
— LHCD’s full software trigger opens new roads

Electron machines also prospering
— Super KEK-B and Belle Il world’s highest instantaneous luminosity
— BESIIlI shows incredible productivity

Neutrino experiments

— Interesting data from long- and short baseline experiments
— Next generation experiments (Hyper K, Dune, JUNO, Legend, CUPID, nEXO, etc...)

Dark Matter / Axions

— New generation Xenon DM searches delivering new results
(Xenon nT, Lux Zeppelin, PandaX)

— Next generation DM experiments in preparation

— Very strong Axion program evolving
(IAXO, MadMax, Haystack and many more)
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Moriond Electroweak 2025
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Example: Rare B decays:

w

« Same principle is repeated in many different systems:
— Rare beauty, charm, strange
— CPV in beauty, charm, strange
— Search for invisibles, DM signatures, ..
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BSM processes

SM process i Wl
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Lars Eklund LHCb
Tommy Martinov Belle 2
Xiang Pan BESIII
Giovanni Gaudino (YSF) Belle 2

e HFLAV average of R(D™)
— 3.30 deviation from the SM prediction

" 68% CL tontours
‘ BaBar

7 0.4 T T
A 4 '
E'{ - Moriond 2024 Belle®
0.35 = LHCb®
B 1lell
03
0.25 g
0.2 4 HFLAV SM Prediction

R(D) = 0.298 +0.004
R(D*)=0.254 +0.005

R(D) = 0342 +0.026,,,
R(D*)=0.287 +0.012,,,
p=-039
P(x2) =35%

1 L 1 I

0.2 0.3

0.4

05
R(D)




Xiang Pan (BESIII)
Giovanni Gaudino (Belle2)

D decays at BESIII

BR(D* - u*v,) BR(D* - t7v,)

Dt — SO
600 |-—All PDF arXiv:2410.07626 NQ I
. . —_ | --Signal PDF 1 = r
Rich harvest in T [-Albackgromd Ny, =2890£57 ] 3 |
. . > Lmr o 4 < 400
(semi-) leptonic & 400[- Other hackeround f 18
< I el
decays S g |
2 200} g2
= > L
g |

%2 Yy ol o2 © 02

0 2 ‘ 0.2
M2, (GeV/c?)

, 00
M2, (GeV¥/c?)

Leptonic B decays at Belle 2 oo -ss e
+ + BRA
BR(B™ —» 17v;)

77—
E‘“’— Belle II (365 fb~!, hadronic)
: 1.24 £0.41 £0.19 Preliminary

4 . BaBar (417.6 fb~!, semileptonic)
1.7:£08 0.2 PRD 81(2010)051101

_ + BaBar (426 fb~!, hadronic)
1.83%333 £0.24  pRrD 88(2013)3,031102

- Belle (711 fb~!, hadronic)
0.721337 £0.11  PRL110(2013)13,131801

o, Belle (711 fb~!, semileptonic)
1.25 £0.28 = 0.27 PRD 92(2015)5,051102

L PR T TS O I VST NN T ST ST SO NN ST R
0 2 4 6 8

BB —7t1,) (x107%)




Lars Eklund (LHCb)
Tommy Martinov (Belle2)

LHCb: Study of B~ - D**91t~v_

g

- LHCb

600 9fb™ ) Data1
C —Tota
» Important component in all Ry LFU : = e
400

Candidates / (8 MeV/c?)
W
S
I

measurements s * Background
300
« Measurement of BR and LFU oof
0 0 oo
B B N D** - e | |
R(D**O = BEBO R Di*ZO; v;% 0.13 + 0.04 D00 33503400 24502500 2550m(12)60(;)r‘).%§22\"/‘§7]00

Belle 2: Two new semileptonic LFU results

Belle Il Preliminary [£dt=365fb~1
0.451 Belle Il had. tag
« Determination of Vcb with inclusive g;g‘gi‘::m = swepn
I 0.40 World average =R
tagging S,
» Test of LFU with semileptonic tagging L
in R(D) and R(D*) 0.30] S
R(D") = 0.418 £ 0.074 (stat) & 0.051 (syst) °*
R(D**) = 0.306 + 0.034 (stat) + 0.018 (syst) °*

0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55
R(D)




Carla Benito (LHCb)
Marie Hartman (LHCD)

Lorenzo Paolucci (LHCb)

 First LFU testin Bs system B, - c/){) ?
—~30F" T T T T T ~ 150 r — — T _'l";'l"""'l""l""I""l""l'
0l<g? <1 l(k\ /( LHCb l:,m =9fb! 1.1 < ¢* <6. “((\ /( L_l*l_('l, Line =971 ] L 15 < ¢? < 19GeV?/c! 4 LHCb Ly =9~}

s Data ] Data _: 30 Data o

- —— Model : Model 110 —— Model i

an i ====Signal ] ==== Signal E L ====Signal

20 i 680 B Misidentified - Vo ] - 360 - B - J/vo -
. Semileptonics Misidentified 20 = B - ¥(29)¢ ]

15 [ I Conbinatorial B Semileptonics

R Combinatorial

B Misidentified ]
. B — y(29) (J/¥X) ¢ ]

Candidates / (40 MeV /¢*
Candidates / (40 .\l(‘\'/("’

10 110 I . Combinatorial
5 ;
0 T .- . . . 0 ! bkt | 1 = — — s ‘ ~ — -
1600 1800 5000 5200 5400 5600 5800 6000 1800 5000 5200 5400 5600 5800 6000 5000 5250 5500 5750 6000 6250 ()-')(l).
m(K*K~e*e™) [MeV/c? m(K*K-e*e™) [MeV/c m(K*K~e*e™) [MeV/c?]
2 2 i 2
low q central q high q

« LHCb shows angular analyses with electrons: B® - K*%ete™

- - g D e
* Production fractions measured by CMS N S g;dmcgpe;;a,fn _
- —»— HFLAV average for LEP i

Comaptible with LHCb measurement, 03[ |~ LHCO:PRD 104 (2021) 032005 |
but in tension with linear trend - 3 :

— Will have an impact on Bs measurement ~ ° :
by CMS

.1_....l|‘..l .................... ]
. 10 20 30 40 50 60 70

p,[GeV]
Georgios Karathanasis (ATLAS & CMS)
- 30.March2025 ~ JohannesAlbrecht  13EREN
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Alessandro Scarabotto LHCb
Vidya Sagar Vobbilisetti Belle 2

Clotilde Lemettais (YSF) Belle 2

Lepton Flavor in charged leptons strictly conserved
.. but in neutral leptons not... cLFV would be a clear BSM signature

The landscape now...
K" K K* K*

Experimental
sensitivity
Belle Belle + LHCb O(10-%) 5
B—Kre BaBar Belle II ) 0(10~)
Belle Belle + Belle +
B->Krp LHCDb B - K ' ) Belle 11 Belle II - 0(109)
BaBar LHCb
Belle 11
B->Kztt BaBar - L]?I?Iléet:) - 0(107)
(from unbinned fit of
B® — K*%up)
(JHEP09(2024)026]

Results shown today are either world’s best limits or first searches.




Pere Gironella Belle 2
Resmi Puthumanaillam |LHCb

T eR Viotation

« LHCDb: updates on gamma .
and new combination v = (64.6 + 2.8)

« Belle 2: constraints on alpha (¢,)

— BO - 7T07T0 5 Belle II preliminary B—pp ( WA + Belle II (2024))
- .Hlo {
B0y 9= [92.6747

Solution compatible with SM:
p2 = (92.67573)°
Agy = (2.4737)°

ol oo 1 L
120 140 160

100

b2[°]
- 30.March2025 =~ JohannesAlbrecht 16/




« LHCDb shows its first Run 3 measurement
e ERLEN IR LN R L S G — N T | L L AR | -
X 8F LHCb - Data 1 X %F LHCb <4 Data E
e % /5 =13.6 TeV W Herwig 7 4 v 6F V5=136 Tev # Herwig 7 =
= » £ 3 "8 PYTHIA 8 (Monash) 1 & - . 3 " PYTHIA 8 (Monash) 3
< o Prellmlnary M PyTHIA 8 (CR2) ] <~ 4 3 Prellmmary M PYTHIA 8 (CR2)
E M PvyTHIA 8 (Forward) E B 2 M PyYTHIA 8 (Forward) ]
2 |- ] E . =
: - 0 * - -
0 _,_+_,{ v - :
: : ; 2E s
o F e 4 F
4 :. P P A R TR R R . - N I B
5 10 15 20 25 ) 2.5 3

pr(D°) [GeV/d]

« Belle 2 shows new very stringent CPV tests

0 0.0 700¢ % Biellelll fll_dzl‘—l428 o' ]
- D" ->nm'm 600 [ ]
¢ Data
~ DO = KOK o '
w ] o
Method Acp [%] 3002 —- Background ]
D’-tag [PRD 111, 012015] | - 141301 200l preliminary
CFT-tag 1.3£2.0+0.3 100
Combination -0.6 1.1 +£0.1 : \ |

R.Puthumanaillam (LHCb)
Riccardo Manfredi (Belle2)
A. Scarabotto (LHCb)

1.95

2

m(Ks%Ks?) [GeV/c?]




Resmi Puthumanaillam |LHCb

The CP asymmetry in A, — pK~ w7~ decays:

First observation of CPV in baryonic decays - difference of .20 from zero

Candidates / (0.014 GeV/c?)

Acp = (2.45 £ 0.46 £ 0.10)%

3000F
2500F
2000F
1500
1000}
500F

ﬂ

O —
LHCb 9 fb™!

I Daa Preliminary]
Total fit 3

s pK
Comb. bkg.

A, = pK i’
— Ay > pK” n(ﬂvrlr*r)-
A,, = prrtn

A) = pKK*m
E) > pK K"

oy |

5.8 6 3
m(pK " ntrn) [GeV/c?]

Candidates / (0.014 GeV/c?)

£

3500f
3000f
2500f
2000f
1500f
1000f
500

SR T - C TS |
LHCb 9 b~

{ Data Prellmlnary
—_— To(al fit ]
A, »pK*r ]
=, SpKrn
a Comb. bkg. 3
7I — pK*nr o’

Ab —pK*n (—m’;r*y)—
- A,, - prtrnt

A, - pK*K
=, > pKrK*

PP |

g g
m(pK* - r*) [GeV/c?]




1956

Parity violation
T.D. Lee,

C. N. Yang,
C.S.Wuetal.

1963
Cabibbo Mixing
N. Cabibbo

1964

Strange mesons:
CP violation in K°
decays

J. W. Cronin,

V. L. Fitch etal.

1973

The CKM matrix
M. Kobayashi,

T. Maskawa

Resmi Puthumanaillam

2001

Beauty mesons:
CP violation in B®
decays

BaBar and Belle
collaborations

2019

Charm mesons:
CP violation in D°
decays

LHCb collaboration

2025

Beauty baryons:
CPviolationin A
decays

LHCDb collaboration
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« BaBar constrains B-baryogenesis
— Bt - Atypdark matter search

« BESIII shows immense productivity
— First limits for invisible K; decays

— Many more results, many lepton number

violating D decays tested

10-10]

 Nab2 observed rarest meson decay ever

- BR(K* - nmtvv) = (13.0133)x107 ¢

10—11

109 ]

Shaojie Wang (BESIII)
Steven Robertson (BaBar)
Sally Stefkova (Belle 2)
Giuseppe Ruggiero (NAG2)

| KOTO direct exclusion @ 90% CL

« Belle2 finds first evidence for B* - Ktvv
- BR(B* > K*v) = (2.3 £ 0.5(stat)*§5(syst) ) x1075

— Consistency with SM: 2.7c
ITA 7(BDT)

0.92 0.94 0.96 0.98 1.0

3000 gt :
i Bellell
i [Ldt=(362+42)fb!

2000

Candidates

1000

0

50 75 100 125 150 175 200 225 250
B(K* — ntvp) x 101

HTA

—_
o
o

N
ot
L o—

\]
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E
Q
Q

Candidates/0.1
S

C JLdt=362fb"! 1 BB

e IT B B K wp

W i, dd, s5
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Theory progress on Dt — z¢%¢~

Anshika Bansal
24/03/2025

u Universitat TPz,
Siegen CPPS &

PE&H

Anshika Bansal, Uni-Siegen 24/03/2025

59% Rencontres de Moriond 2024: Electroweak Interactions & Unified Theories
La Thuile, 24® March 2025

B(BT — tTu)
r' measurement with the
7 B hadronic FEI at Belle 11

Giovanni Gaudino*
on behalf of Belle Il collaboration

Bivacco Edoardo Camardella - La *gaudino@na.infn.it

5 BCub CHIARO ™
LU S0 +—<'SCURO

Angular Analyses of B® - K*%e*e™ decays
at LHCb.

59t Rencontres de Moriond - Young Scientist Forum
Marie Hartmann &
on behalf of the LHCb collaboration 6 5
\o
o‘\0

24/03/2025 Moriond EW YSF - Maric Hartmann

SEARCH FOR LEPTON FLAVOUR VIOLATING BY — K*'7¢ DECAYS
WITH THE BELLE AND BELLE Il EXPERIMENTS
59TH RENCONTRES DE MORIOND, LA THUILE

Clotilde Lemettais
on behalf of the Belle II collaboration

* March 24, 2025

Dominik Suelmann
in collaboration with H. Gisbert, G. Hiller
based on arXiv:2410.00115

ortm
Department of Physics

24. March 2025
59" Rencontres de Moriond

technische universitéat
dortmund

0. Suelmann (1U Dortmund) BM reach ofrae charm decays

s

BSM reach of rare charm decays, including th ng star A, —

s
® |

59th Rencontres de Moriond

» o

*‘x&, D .\H -

8 credit: @pingmyping on Instagram

WARWICK

Strange penguins at LHCb
An angular analysis of BSO — ¢ete™ decays

Lorenzo Paolucci (he/him), on behalf of the LHCb Collaboration

'Young Scientist Forum




Flavor'summary "
Beautiful playground for big kids . s
o |

~ Hadronic FF

- - ’ -
s . . - ’
xS0 1y . : 1 " . ' " ‘
A r “ !

Situation looks like an academic example for NP discovery
- pattern of anomalies seems to be consistent (EFT)
Promising next years for flavor physicists

Experimental: situation needs to be clarified, too many 2-3c
(CMS parked data, LHCb * 4, Belle2, BESIII, .. )
Theoretical: “we tried very hard to show this is SM and failed” |
Improved calulations needed, mesons are instable, extended
objects, methods for BR calculation needed, lattice progress




Moriond Electroweak 2025

N. Ackerman
A. Menegolli
S. Urrea-Gonzalez
G. Milton
F. Jorg

J. Kleykamp
D. Henaff

Part 2: Neutrinos

C. Hill

|. Esteban
T. Lasserre

P. Decowski

V. D'Andrea

YSF Il
H. Birch, E. Lavaut,
J.P. Pinheiro, N. Bhuiyan,
M.1. Dias Astros,
C. Girard-Carilho,
R. Faure, A. Langella

30. March 2025 Johannes Albrecht blinded




~ Neutrinos: more elusive than the other particles

ilation: [David Hénaff]
v oscillation: Atmospheric Reactor Solar

Compared to flavor, /.. 1 0 0 c13 0 sze i c12 s12 0 vy
neutrinos areinan | v |=( 0 s = 0w o0 N |

. Vr 0 —S893 Ca23 —813616 0 C13 0 0 1 V3
exploration phase 0, ~ 45° 0., ~ 10° 0., ~ 35
PMNS Matrix beginning Atmospheric exp. Reactor Solar exp.

to be determined
Normal Ordering (NO) Inverted Ordering (10)

A N

2 1% 2
Many unknowns " ’ "
. . 2

- current research directions AMatm

— Mass hirachy —_— o — m—

— Absolute masses Ve pvr | |

Courtesy of the JUNO collaboration
— CP violation in neutrinos Only measure Am? . mass ordering difficult

— CPV connection to baryogenesis

— Existence of right-handed or sterile neutrinos

— Dirac or Majorana Neutrinos

— Connection between Neutrinos and dark matter ?




Colton Hill (lceCube)

, 100 10! 102 10° 10* 10°
—_ 1 0 § LI ' T T T T T TT I T T T T T TT I A T T T 1T I A T T T TTT I A T T
- A i il LEP Tevatron LHC
o L 4+ T2K(CH)14 ®m GGM-PS79 . ~
= 1 06 L % TKO13 Y IHEP-ITEP 79 © FASER Pilot 21 (avg. v + 7)
b = A ArgoNeuT14 ¥  IHEP-JINR % * FASERat5 5 ! (avg. v+ 7, proj)
o - @ ArgoNeuT12 ® MINOS10 < FASERv proj.
= 105 _ % ANL79 A NOMAD 08 ]
8 P © O BEBC79 ¢ NuTeVo06 E
3 - A BNLS2 X SciBooNE 11 ;
> 4 | ¢ CCFRY97 ® SKAT79 i
8 10 = 0O CDHS87 3
B - .
9 C ]
® 3L il
) 10 3 E
%)) - =
g C Accelerator v High-energy cosmic v Ultra-high-energy cosmic v !
S 102 E IceCube tracks (avg. v + 7) IceCube-Gen2 Radio (10 yr, projected) E
8 - (IceCube 17) Using cosmogenic v flux, :
o 11 IceCube showers (avg. v+ 7) fit to TA UHECRs (Bergman & van Vliet) -
é’ 10 = (Bustamante & Connolly 17) Using IceCube vy, flux (9.5 yr), 3
o ; O [IceCube HESE (avg. v +7) extrapolated to UHE ;
S L (IceCube 20) — Using cosmogenic ﬂ}.lx i
‘= 100 L from all AGN (Rodrigues et al.) .
[ E =
o c . ]
@ F oF £==3 VN DIS prediction b.f. + 17 (BGRIS) -
Z. - p ]
_1 1 1 IIIIIII 1 1 IIIII 1 1 lllll 1 1 lllllll 1 1 IIIIIll 1 1 lIlIIII 1 | IIIIIII 1 1 lllll|l 1 1 lIlIIII 1 1 IlIlIII 1 1 llllld 1 Ll Lill
10t 10 10! 102 100 10* 10° 106 107 108 10° 101 10U

Neutrino energy, E, [GeV]

*Disclaimer, this is a simplification from JA to illustrate the idea




Jeffery Kleykamp (Nova)
David Henaff (T2K)
Takuya Tashiro (S.Kamiokande)

Am?__ vs sin?0 , ,
32 23 o ., Bayesian Analysis
NOVA Preliminar 5
— — O — e. ; .a ,y NOVA Preliminary
3—NOvVA NO 90% CL 26.6x10%° POT-equiv. v-beam | 0.03F BayesianCreti. Int.© ~ ' " Marginalized jointly ]
| With 1D Daya Bay Constraint 12.5x10%° POT v-beam 4 = r With 2D Daya Bay constraint over orderings ]
- NOvVA E % [ = Both MO —1c ] N . O .
<k 2024 g ] © 0.02| = Inverted MO --2c ]
3 | oestit 1 5 | =Nomal MO -- 3 ] preferred,
o B ] o i i E I
3 2.5_ ‘ : | ] 08_ 0.01 but not
T Sl A SO T, - - significant
I T 1 Both MO [+ =] ‘—i-—-------------i-----+-i g
| » | | —— yet
T lceCube 2024 ---+--~ T2K 2022 . T MINOS+ 202‘0 | Normal _Ff-,_'—,“ﬁ—h?-,-“,‘ - | il .',.__I__.
-------------- SK2023  — — NOAYT2K' - ISK(IIV)+IT2KI . : E . = o
0.4 05 0.6 2 5 2
sin?(6,,) cp
27 : T 7 2.7 - ——h
- Bayesian Cred. Int. NO Conditional | < - Bayesian Cred. Int. 10 Conditional | Z
- ) With reactor constraint 9 ~ - With reactor constraint 9
2.6 S 26 B et
% [ > 0 - il T e >
- F e e :’ —_ S o E ‘/- R \ ﬁ
- g, Sttemseac® — . - 5 o |
2 25 | (e \ = 9 25F .\ ]'_, =
X : \ ) i X E L /i
— 24 i T = a4 M~ 7. .
o 241 NS o o ~a 24 [ v T —— /,."‘ T
ags TF S gy 5 . e
: e — I =
23 TR - < 93 2 =
) — lo —— 20 3o = - — lo —=20 @ 3c &
i < E <
2.2 N M 1 . N M M | N N M s 1 M M 2'2 X L 1 1 X ! L 1 : L L L |
04 05 0.6 04 OQS 0.6
- 2 .
sin“0,, sin“0,,

Oscillation analysis:

 CP symmetry is excluded at 90% CL (T2K)
» Mild preference for normal ordering and upper octant for 6,4




Jeffery Kleykamp (Nova)
David Henaff (T2K)
Takuya Tashiro (S.Kamiokande)

« Super-Kamiokande

« Detailed analysis of the flavor
components depending on the
zenith angle and energy set strong
constraints on the oscillation
parameters. O v oomaare |

- SK |-V expanded FV
[ — Data fit [ Inverted

* Normal ordering preferred 12} -+ MC expectaon EBNoma

Solar neutrinos

sin 9 = 0.307 £0.012
Am21 = (7.501919) X 107>

« Combination with KAMLAND

IAmZ, | (10° eV?)

32,31

From Phys. Rev. D 109, 072014




~ Normalorinverted ordering preferred??

lvan Esteban (TH
10 | NO NuFIT 6.0 (2024) (T)

— NOVA v

|
— T2K .
— LBL-comb

2,854
R T D5 =g i e e

0 90 180 270 360 0 90 180 270 360

8CP 8CP

= A reactors + LBL tension in Am3, within IO gives a ~ 20 preference for NO.
= A NOvA + T2K tension in dcp within NO gives a ~ 20 preference for 10.

= The global analysis is at the maximal confusion level, with 16—20 hints not pointing
in the same direction,

® Only after adding lceCube and Super-K tables, there is preference for NO.
® For NO, CP conservation is favored. For 10, maximal CP violation.
® No clear preference for 6,3 octant.

Super-K: ~ 20 rejection of 10. But data is not particularly compatible with NO either




Nicola Ackermann

(CONUS+)
CONUS+ QD N D
N207m) g
Reactor \\
s n =
- Start of physics data taking in Nov. 2023 e = Data
*0 P || signal prediction

* First evidence of reactor antineutrinos
by coherent scattering

— Rejection of null hypothesis: 3.7c

III|III|III

Excess events [kg” (10 eV)]

|

S o
T T
»—.—qg

1 150 1 L 1 1 200 1 1 1 L 250 L L 1 1 300 L L L L 35(
lonization energy [eV]




Thierry Lasserre (Katrin)

Cosmology Neutrinoless BB decay B-decay kinematics

2
E=Zmi Mpp =ZUei -m; m%}/B=Z|Uei|2'mi2
i i i

—— normal ordering 10° 5 10° Y7/, KATRIN

-~ inverted ordering
Y,

10° 10! % GERDA
W - € 102 €
v/, Planck
107 ————
10-3 4 1072

\ .

103 102 107! 10° 103 1072 107! 10° 103 1072 107! 10°

m; (eV) m; (eV) m; (eV)

« Katrin measured based on 36 *106 e~ (1/6 of planned final dataset)

B-decay : background
1011 spectrum : region
— =
12} o
O =N o
O el
m, < 0.45 eV (90% CL) £ :
&£ 1004
|| l l l
T | | |
o _ 40
2~
.55
9 50
ZH 0- + — T T
18540 18560 18580 18600 18620

Retarding energy (eV)




—

Expected signature in KATRIN g ;

- Katrin released new result
synchronised for Moriond

« Measure distortion of tritium spectrum

o
3
T

-- sin?69E(my)

o
)
T

—— sin2030(my) + cos20 3 (m,)
[ Active ™.
4-branch

0.2~ Sterile branch

Differential decay rate (a.u.)
o
N

0.0 :Lsii;;b\\\"\l--------------I --------- 1
10° 4 18560 18565 18570 18575
] Energy (eV)
4 m,=10 eV
10° - . T ¢
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Patrick Decowski |Kamland
Valerio D'Andrea | Legend

SM process
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Muon Flux Measurements at Sanford
Underground Research Facility with -l ey ey e
the LUX-ZEPLIN Experiment

Johannes Gutenberg-Universitat Mainz
wes GUTENBERG

" UNIVERSITAT vare

Search for Double Beta Plus Decays
with NuDoubt*+*

Cloé Girard-Carillo (she/her)

on behalf of the NuDoubt** Collaboration*

Rencontres de Moriond 2025 - 23r-30'" March 2025

Harvey Birch, on behalf of LUX-ZEPLIN Collaboration

_

NIVERSITATox

== U
il BARCELONA

Constraining NSIs with NC events at LBL exper.

Julia Gehrlein, Pedro Machado and Jo@o Paulo Pinheiro

Universitat de Barcelona

March 24, 2025

March 24,2025 1/8

Young Scientists Forum, 59th Rencontres de Moriond 2025

h.ch M Research Facility with the LZ Experiment
Moriond EW
. : : ’
Low Energy Calibration in DUNE's T
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{ ‘
) ‘( 7 : vy INEWN e O Hyper-Kamiokande i
‘UCLab ‘ (\ g _T g
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des2 Infiis D el with the Hyper-Kamiokande o
24/03/2025 Emile Lavaut on behalf of the DUNE collaboration A expe rme nt o
‘:1- - L - 7' - o Aurora Langella for the Hyper-Kamiokande Collaboration
- ' ‘ ;:) INFN Naples - Universita degli Studi di Napoli Federico Il
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universitatfreiburg
! S ; Boosting the production of sterile neutrino %
Rémi Faure, IPhT - " - "
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Alessandro Menegolli (ICARUS)
Salvador Urrea Gonzélez (Proto-DUNE)

« Short baseline, ICARUS

Heavy Axion Exclusion

. . . . ICARUS Limits Reinterpretations .
— Already intersting results before installation — e —wer—oe ne o L L
= Observed —-— CHARM = Observed —— HBooNE
33 “ Preliminary

of near detector

— Higgs Portal Scalar (HPS) — scalar dark ™
sector mixing with Higgs boson

107¢ Co-dominance: ¢y = ¢; = c3 = 1, Running ¢,

— Heavy QCD axion (ALP) — Pseudoscalar 'L —r | " lomme-omoo ume
. . Ms [MeV] M, [MeV]
mixing with pseudoscalar mesons
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1074 E

wl o SCOG

ol

 ProtoDUNE

107 3
New particles produced in meson decays é
p— 1076 =L 3
M — UN 3 0| B
SM particles ‘I’wd “d 10-5 ot o
Target O(10 — 1000m) ttering 1<) a1
Detector 107 § 3
10—11 - Ll I';
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1



« SNO+ has a broad physics program

— Reactor and geo-neutrinos
— Onbb
— Supernova, Solar and exotic neutrinos

e First indications of boron-8 solar neutrinos on C13
— Significance of 2.4 sigma

e Antineutrino measurement

Am3, = 7.9673433 X107 °eV?




Florian J6érg (XENONNT)

SNS = Solar - Reactor

103

e Datafrom 2021 -2023

COHERENT (CsI)
X

102
3 § COHERENT (Ge)

COHERENT (Ar)

10

e Detect CEVNS from 8 B solar neutrinos

XENONNT (Xe)

Expected events: 38.3 -4 b kg on ly
— Background: (26.4 + 1.4) rejected 2.730
— Signal: (11.9 £+ 4)

CONUS (Ge)

Observed events: 37 Redrawn from Kate Scholberg

Flux averaged ocgyns [10740 cm?]

. o o . 0 20 40 60 80
50 in reach within the lifetime of experiment Neutron number

10—41

e XENONNT conducted first dark matter 10742

search in the "neutrino fog" _—

10—44

DM-nucleon og; [cm?]

10—45

1046 Xe neutrino fog
O’Hare (2021)

4 6 8 10 12
DM mass [GeV/c?]

[2409.17868]




« PMNS (2025) may be similar to CKM (1990)
— We are starting to measure all angles
— We are starting to understand the CPV phase
— We are closing in on the mass
— We are making precision measurements of Am
— We are closing parameter space for sterile neutrinos
— We are starting to see evidence for coherent neutrino scattering
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- Searchesnow ... and in the coming decades

Evolution of exclusion search sensitivity

Projected MAX gluino limits .

0 50 100 150 200 250 300 1000 3000
3000 ———————————————— . :

Strongly IA particles:
| — Sensitivity increases slowly now
14TeV .~ | — Steeper rise with HL-LHC

| ‘ — Still room for discoveries!
(~20 can become 50)

i

i

' |

i

2500 _b
d”’

- Performance can be improved

— With new ideas and developments
at all levels (reconstruction, ML, ..)

— Improving precision will be key

Mgluino [GeV]
N
()
S
(e

1500}

910¢ d3HDI

/10¢ puouoy

Gc0¢ puoHo

8 TeV

Discoveries will however take
longer: doubling time of the

luminosity of several years

0 200 250 300 1000 3000

Lin [f671]
lllustration: Evolution of exclusion search sensitivity for generic

strongly interacting particle (e.g. gluino)
From D. Shih et al. (from G. Salam and A. Weiler)

0 50 100 1




Direct BSM searches at ATLAS and CMS

Christopher Pollard: Search for lepton flavour violation and - SUSY particles at LHC
Christina Wang: Search for vector like quarks and vector like leptons‘at LHC
Izaak Neutelings: Search for lepto-quarks at LHC

Marco Montella: Other Exotic Searches at LHC

Binbin Dong: Searches in the top sector at LHC

Alessandro.Ruggiero (YSF): Searching for direct'slepton production in moderately
compressed mass spectra with the ATLAS detector

Shivani Lomte (YSF): Search for dark matter with mono-Higgs signature
Sagar Addepalli :;/Searches for displaced signatures at LHC

Cristian Ignacio Pena Herrera: Searches using unconventional signhatures or new
techniques-at LHC

Enormous wealth of results, many new-for MEW25
| will only manage to-show-some illustrative examples here




* Non-resonant t-channel:

bb — 11

— New ATLAS result
— CMS sees some

anomalies

ATLAS

> " R
8 /3 tt
Z 10°F V5=13TeV, 140 fb? mm Drell-Yan -7
2 1b-jet 3 Misreconstructed Thaqg
c
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i} HEl Others
100k Uncertainty
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e
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« Results start to explore parameter space
preferred by B-anomalies
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Izaak Neutelings
(ATLAS /CMS)

CMS

Christopher Pollard
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Christina Wang

Sagar Addepalli
(ATLAS / CMS)
CT |m]
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Alessandro Ruggiero
Sagar Addepalli
ATLAS & CMS

95% CL limit
—— Observed
Expected

Prompt 2¢+ > 2 jets
JHEP 07 (2015) 162
Vs=8TeV,20.3 "

Prompt 3¢

JHEP 10 (2019) 265
Vs=13TeV, 36.1 fb"
VBF Same-sign 2¢
EPJC 83 (2023) 824
Vs=13TeV,140fb!
tf Same-sign 2¢

PRD 110 (2024) 112004
Vs=13TeV, 140 fb!
Displaced tracker
arXiv:2503.16213
Vs =13TeV, 140 b~

Other Experiments

CHARM, PLB 166 (1986) 473
DELPHI, ZPC 74 (1997) 57
NuTeV, PRL 83 (1999) 4943
BELLE, PRD 87 (2013) 071102

» Searches for direct slepton production in the compressed-mass corridor

July 2024
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Binbin Dong
ATLAS & CMS

. EFTbasedsearches

SM Effective Field Theory (EFT) is a powerful tool to study effects from BSM phase
space not directly accessible at the LHC. 4

Lepr = Loy + ) Adl_4 Of
d,i

EFTs induce effects in many channels, ideal framework for combination!

CMS Preliminary Hybrid fit, 1-by-1 scans 36.3-138 fb™! (13 TeV)
— 68% CL 95% CL ® Bestfit
L i two-heavy-two-light operators
o //' constrained from a
> l l l x 1T combination of t£X and tf
c:b oll #lllll ‘I %+\+ w+[|\|ll‘ |++1|Ill[ 1|[
N L AR T T MARUABETI TS T
& |
1 1 b Top-Higgs coupling sensitivity
! - ” increased by combination of
N [ | N tzX and H — yy
Q:é_ 1 BH-yy
£ 0.8 [y
2 ww
'..E. 0.6 Bz-vv
S 04 i
< BEwPO PR
5 02 B Sensitivity to 4-h£aavy
£ Bix operators from X only




Marco Montella
(ATLAS / CMS)

Target Signature:

o pp—A—-BC A B, Cmassive BSM resonances
o A, Bdecaying to SM quarks — Fully hadronic final state
o Adjacent to DiBoson (WW,WZ,Z7) searches

Model Independent Search: :

o ML application to “learn” the underlying distribution of key event features

ATLAS
Vs =13TeV,139 fb~!
€ =0.02, CURTAINs Observed significance (2)
il | |
M -0.31 -0.38 No statistically significant deviation from the
M, T 0.34 -0.72 0.64 - 0.21 SM
M, T, T3 - -0.5 048  -005  -0.11 0.7 0.25 -0.3
| | | | | | |
2900 3200 3500 3800 4100 4400 4700
my [GeV]

Novel method and strategy, not trivial to digest all details and implications,
both internally of experiments and in the community




Measurements driven by new techniques i Newine

(ATLAS / CMS)

* Unconventional signatures and new techniques enhance
the LHC physics program

« Charm tagging: Pair production: LQ LQ - cvcv
« Trigger is decisive on physics at LHC

— ATLAS: Trigger level analysis
— CMS: data parking / data scouting

« CMS 4 lepton resonance search boosted by merged-
electron reconstruction

« Sophisticated techniques for background estimations
— Extended ABCD
— ABCDisCoTEC

« Search for dark matter (DM) with a light Z’ enabled by
narrow and low-hadron-multiplicity object (“pencil-jet”)

30. March 2025 Johannes Albrecht ET| binded |




YSF session (WED @ i (1410

Couplings of axion-like particles
in linear and chiral EFT realisations

with Maeve Madigan, Alexandre Salas-Bernardez, Veronica Sanz
and Maria Ubiali

THEP 09 (2023) 063 Il arxiv:2303.17634
JHEP 10 (2024) 164 |l arxiv:2404.08062

Fabian Esser Moriond EW
IPNP
Charles University Prague

UNIVERSITY OF

OXFORD

Searches for direct slepton production
in the compressed-mass corridor
Moriond Electroweak - 26/3/25
Based on the paper submitted to JHEP: arXiv:2503.17186

Alessandro Ruggiero (alessandro.ruggiero@cern.ch)
On behalf of the ATLAS collaboration

Search for dark matter with
mono-Higgs signature

59t Rencontres de Moriond

- = 3, < Electroweak Interactions & Unified Theories
\% . 23 - 30" March, 2025
94

o Shivani Lomte (University of Wisconsin-Madison)
| | on behalf of CMS Collaboration

de

—— " — universitiit
Miinster

Encoding off-shell effects in top pair
production in direct diffusion networks
Anja Butter'?, Tomas JeZo?, Michael Klasen?,

Mathias Kuschick?, Sofia Palacios Schweitzer* and Tilman Plehn*

1 Institut filr Theoretische Physik, Universitat Heidelberg, Germany

2Institut fiir Theoretische Physik, Universitat Miinster, Germany
3LPNHE, Sorbonne Université, Université Paris Cité, CNRS/IN2P3, Paris, France

MORIOND EW 26.03.2025 @‘
i




« Main strategy: leave no stone unturnec}
— Impressive number of searches, complex analyses
— Very large number of searches in large variety of topologies and models
— Increasing number of analysis probing unusual/displaced signatures

— Take home messages for LHC discovery potential:
1-2 TeV level for most cases

up to 5-8 TeV for non-resonant probes

Special intere%,motivated searches

— E.g. from flavor anomalies
— Or from excesses seen by other experiments

« Some excesses here and there seen (not yet significant)
- stay tuned
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~ Howtodetectdarkmater?

Production at colliders Indirect detection f Direct detection \
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[Claudia De Dominicis]




Patrick Ecker
(Belle 2)

Dark Higgs + Inelastic DM B — KMa(— yv)

) b 5
A/ \\{‘L’
\\< B K
it KT u, d > u, d
. Belle Preliminary [ L£dt = 711 fh1
£ T:
0 10-18e | TN - L .
\@10

1072 LHCb §
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Sam Eriksen. (Lux-Zeppelin)
Gyunho Yu (COSINE-100)
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) P ( )19
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.

._.
<
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« WIMP direct detection

— Lus-Zeppelin is the world’s most
sensitive WIMP direct detection

- Expe rl ment —48 -_ .\.__./‘/‘ ===+ Median 30 discovery potential |

10 E -===Median expected upper limit _E

WIMP-nucleon og; [cm?]

Power constrained upper limit J

==+ Unconstrained upper limit
! L

10 10° 10° 10
WIMP Mass [GeV/c?]

« WIMP Annual modulation

Combined COSINE-100 & ANAIS-112

1.Electron recoil (keVee, linear calibration, 2.Nuclear recoil calibration (kevnr, B s
a o 1-3keVee b 6.7-20 keVp, ﬁ ' ¢ DAMA/LIBRA
o arXiv:2409.13226 | 5 07| @ GOS0 Ea 0.010 ¢ COSINE-100 6y
B ooof + . E 0.010 S 0.005 ¢ ANAIS-112 6y
[ . .
%:‘F‘w P ST SO §§ 0.008 % e Combined 6y
£ 53 0006 il i
EDT nnan [t Em
F 0010 po—mmm T e £ 3 ; g EE 40
£ 2 0.004 e -5 —0.005
S 0,005 fpaieiia S s S o002 B -E; — ;0
’ » aane . ——— S0002p o
200 b ————ro ] 10 S ~0.010 :
) 50 100 150 200 250 300 350 o 50 100 150 200 250 300 350 g 4,680 [3.530 g
Phase (day) Phase (day) 2 —-0.015 [ 6j Y 2 Gj v
0.0 02 0.4 06 038 1.0 1.2 14 0.0 02 0.4 06 08 1.0 1.2 1.4
Probability Density (keVee kg) Probability Density (3.3 keVnr kg)

- no modulation seen, DAMA strongly disfavoured - also with Nal(TI)
~ 30.March2025 ~ JohannesAlbreecnt s2/iEEEE
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Alex Droster (HAYSTACK)
David Leppla-Weber (MadMAX)

« Haystack
— HAYSTAC has beaten

the Standard Quantum -
Limit, achieving a scan 1071040707101 4P 48 AP 48 400 4 4T 4T 4P 40 10° 40" 48”
10°° o o
rate enhancement of 2X. i £
g . _8 g OSQAR
— Exciting synergy with . ; o o
quantum SenSing = 1010 RN T ~ Globular clusters l“if"“""’ !
L 10-12 1k
O, 1y
« MadMax sl

— Dielectric haloscope looking =2010-*
for ~100ueV axions 157

10—17

— Axion and dark photon 10-18
full 107
SZ?ffrrr]nSelélc\(l;veltshS urosifot es 1073073070710 0407 00000 e AT A0 A8 48 48 48 48 o
P p ype m, [eV]
-> already leading at their
mass range
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« Spectrographic astronomical surveys of 0341 S ——
distant galaxies ‘ W DESL+BBN+0.
0.321 SHOES
 DESI prefers lower Q,, than CMB (~2.3c) < SNla and
e Cepheid
 Indications of time-varying Dark Energy 0.28-
. ACDM
equation of state (2-4c) . . . .
66 68 70 72 74
Hy [kms~! Mpc™]
- CMB is sensitive to Zm,, wow,OOM
- %m, < 64mEV o T Do o (4 i
- Relaxed model £m,, < 130 mEV gy - DESI DR2 BAQ + GMB -+ DFSYS
_ _ b 'ACDM W
-> This comes very close to region Fapor=2
tested in neutrino experiments o]
0_

—0.1 0.0 0.1 0.2




Aaron Chou
Alex Droster

© Quanumsensing

* Quantum computing platforms resemble dark matter rexperiments

— Cannot shield from dark Josephson parametric amplifier
5D se

matter, gravitational waves,
other weakly-interacting
particles.

— Google quantum processor
as a calorimeter

LY mode
E-field

Quantum computer safely
outside the MRI room

Haystack experiment

* Quantum sensors/tricks can do a great deal to improve SNR in axion
searches, but ultimately, we also have to bring the hammer — larger
magnets!

blinded




Summary: Dark Matter, Axions

There mustbe a peak somewhere,
but we have not yet seen it
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Clearly, here we see some peaks




Higgs and Standard Model

Robin Hayes: Latest Higgs inclusive and differential cross section measurements
Rajdeep Mohan Chatterjee: Latest Higgs property measurements

Tatjana Lenz: Search for BSM Higgs

Hang Yin: EW physics and LLPs at LHCDb

Aliya Nigamova: Higgs highlights at CMS

Angela Taliercio: DiHiggs searches (HH, XH)

Carlos VicoVillalba: Run 3 standard model cross section measurements

Rongkun Wang: Diboson measurements

Max Stange: ATLAS wildcard (Evidence for longitudinally polarized W bosons in the

electroweak production of same-sign W boson pairs in ATLAS)

Giacomo Boldrini: CMS wildcard (New results in multiboson production from CMS)
Daniel Camarero Munoz: Triboson and VBS results

Elisabetta Manca: \W mass and related measurements

Federica Fabbri.-Top quark properties and mass measurements
Deborah-Pinna: t(t)+X.cross section measurements

Elliot Watton:-ATLAS wildcard (Measurement of the top quark mass using it events
with _a-high'transverse momentum top.quark'in' ATLAS)

Enormous wealth of results;*many.new for MEW25
| will only manage to show some illustrative examples here




* Precision tests of H° production and decays
« New CMS Higgs combination
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H-team: ATLAS & CMS
Hayes, Chatterjee, Lenz,
Nigamova, Taliercio

Precision Higgs fingerprint !




H-team: ATLAS & CMS
Hayes, Chatterjee, Lenz,
Nigamova, Taliercio
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H-team: ATLAS & CMS
Hayes, Chatterjee, Lenz,
Nigamova, Taliercio

Many NP models predict additional Higgs bosons, many searches ..
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... and many many more channels!




WZ-team: ATLAS & CMS
Wang, Stange, Boldrini,
Munoz, Manca

Status: June 2024

Standard Model Production Cross Section Measurements
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WZ-team: ATLAS & CMS
Wang, Stange, Boldrini,
Munoz, Manca
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LHC collaborations are targeting the largest ever recorded dataset in HEP

Run 3 should be seen as a marathon race, not a sprint.




WZ-team: ATLAS & CMS
Wang, Stange, Boldrini,
Munoz, Manca

Hang Yin (LHCDb)

—— Total uncertainty

Statistical uncertainty
« LHCb measures Z° mass with 2016 data
— First dedicated measurement of m; @ LHC LEP Combination —_—
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W W P W, *W, * with modified Higgs couplings
T

« Longitudinal W, W, — W, W, violates unitarity
without SM Higgs
- Unique probe of electroweak symmetry-breaking .|
. W polarization states can be distinguished — e
by angular analysis T —
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Giacomo Boldrini

(CMS)
EW Production Final states
Vector Boson Scattering SSWW OSWW WZ 77
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top-team: ATLAS & CMS
Fabbri, Pinna, Watton

Taken from: Eur. Phys. J. C78, 675 (2018)
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* Most precise single ATLAS measurement
m; = 172,954+ 0,53 GeV




top-team: ATLAS & CMS
Fabbri, Pinna, Watton

~ Topdfingerprint phase and QC

CMS Preliminary 140 o (13 TeV) + 35 o' (13.6 TeV)
e S

e

« Testfor CPVin tt+Z, t+Zq

— CP-odd observables defined
using physics-informed ML

— Good agreement with SM:
slight ¢, asymmetry
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Measurement of the
Z boson mass
with the LHCb detector

WARWICK

THE UNIVERSITY OF WARWICK

Emir Muhammad, on behalf of the LHCb Collaboration
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Flavor hierarchies and quark-lepton unification
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First differential ttW cross
section measurement at CMS

David Marckx (Ghent University)
on behalf of the CMS collaboration
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The Higgs boson’s lifetime measurement via
off-shell decays to W-bosons

Zef Wolffs,
on behalf of the ATLAS collaboration
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HO, EW Bosons and top: Summary

Run 2: new results with advanced
techniques, NN, etc

Combinations of Run 2 measurements
 H + VBS combination shown

Run 3 is becoming a significant dataset
and new results are coming




Thank you

* | am honoured to have been invited
to summarize MEW25
The wealth of information and competence of
the speakers was outstanding
The progress in the field if obvious,
but the loose ends are, too
- great time to be a partlcle ol ySICISt'







