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Unfortunately this is very small

However this is for unrealistic
single RHN case...
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Why new vs?

E.g. Littlest Seesaw gives good fit to data

d=0 b= 3a

e=f c=a

arg(a?/e?) = exp(2mi/3)

Predicts
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E.g. Minimal Inverse Seesaw model
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Inverse seesaw formula m, = mp(M") ' uM~"'m},

d’> de df a’> ab ac

v Ham e @2 ef |+ 'usgl ab b> bc

a2
Mo df ef f? Mg, ac bc c*
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Littlest Inverse (0 3’"21 } HNL mixing
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Am? ~10- eV? to fit better
solar neutrino spectrum
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Why

new vs?

seesaw / GUT
motivation
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new-L dark matter: 1 keV — 100 keV

Thomas Schwetz
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Boyarsky et al., [arXiv:1807.07938]
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Why new vs?

Short-baseline anomalies — summary

Anomaly Channel Status Explanation?
Reactor fading away ( < 20) : :
vV, —> U . .
rate and shape € € systematics dominated systematics/nuclear physics
sterile oscillations in strong tension
' e w reactor, solar, cosmology
Gallium / BEST v, > U, very significant (~50) difficult to explain
exotic decoherence (?)
significant (3.80) _ o _ _
vV, = Ve ~25 yr anomaly sterile oscillations in strong tension
w disappearance data, cosmology
. difficult to explain
T e v, = U, ~ very significant (4.80) HNL decay
relies on background estimate

Thomas Schwetz



Why new vs?
Tension between cosmology and oscillation results?

updated from Gariazzo, Mena, TS, 2302.14159
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mz [keV]

Why new vs?
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Lepton number/flavor violation

Theory solution to m, # 0 can be realized in many ways!

Minkowski ('77); Yanagida ('79); Glashow & Levy ('80); Gell-Mann et al., ('80); Mohapatra & Senjanovi¢ ('82); + many others
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Lepton number/flavor violation

The Type |l Seesaw is special: generates m, without hypothesizing vr

Hypothesize a scalar SU(2), triplet with lepton number [ = —2

o Example: /A decay rates encode inverse (IH) vs normal (NH)
ordering of light neutrino masses

- + )t ij
DA o ) ~

% ~ diag ;i ..
YA ™ (UPMNS v UPMNS)U
1007
x 10
= ’
3
o b
0.1:
< 10 .
= L
— I IH
I :
m
1074 0.001 0.010 0.100 0.001 0.01 0.1 0.001 0.01 0.1
Richard Ruiz m,, ineV m, ineV

m, ineV
min
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Lepton number/flavor violation

Zee-Babu model generates m, radiatively without hypothesizing vg

NH & IH, sin®(6,3) <0.5

_ - = 0.5¢
h~— “ I > N h~
o 4 | A3
/ v \ ' NH h - v
/ ' \ _
/ : \
[ er |\
- é ZL — l o :L é - 0.47
VL | €R €R | VL - NH h - v
| | —_
| | =
X X % 0.3
(H) (H) ihead| IH h— uv
Few free parameters = rich experimental predictions 0 2' IH h— v
| | |
- - /2 0 n/2 Vs
0

Richard Ruiz
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Lepton number/flavor violation

New programs (raser, snoeinic) now collecting -nucleus scattering data

W+

A2—|—k
do(vA— (X)) = Ape F, Qf ® do,pv_x, + O NP
N~ \_f\,._/ q,_ﬂ Q2+k
ik, Xn shower/RGE PDF hard scattering N ——’
inclusive HT
600 F
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Richard Ruiz
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a. Majorana HNL process

» Results are interpreted in terms of upper limits at 95% CL on the total
mixing amplitude |V,,x|?

138 b1 (13 TeV

N )
=z ;
> : b. Weinberg operator process
- » Observed 95% CL upper limit on m,,,, is equal to 10.8 GeV
; ] ] i
: A : Not competitive
i ,/,I, 95% CL upper limit ]
YAl
Ob d - - ] -
001 | /1 T2 Expected _ Sensitive to dimension-7 operators
X A I 68% expected ]
i S 95% expected i
s ,.“l g ___ CMS same-sign dilepton - o
I / JHEP 01(2019)122 -
A l”l'\*l CMS trilepton Paper =
1 =~ PRL 120(2018)221801
ey A RN el .
107 == 10° 107

Anne-Mazarine Lyon My (GeV) 14



Indirect searches at CMS

Prompt lepton (triggered)

=

@ Results are interpreted as 95% CL upper exclusion limits on |VgN|2

» For both the Majorana and Dirac scenarios

@ Scenario in which the HNL mixes exclusively with one lepton family

Long-lived HNL

W*+ /Z*
CMS 138 fb~! (13 TeV) »
- Observed B +1 std. deviation CMS 0.0 138 fo™ (13 TeV)
- - Expected +2 std. deviation Majorana HNL 3'5'§
N YL my=1.5GeV =
2 | Electron HNL 13.0 5
= Majorana J
10-4 . —:2.5
1 2.0
| 11.5
107 E i
f \-o. 1.0
10—6||||||||||||||||||||||||||||| : 00
1.0 1.5 2.0 2.5 3.0 3.5 4.0
my [GeV] fe

Anne-Mazarine Lyon 15



e First search for HNLs in B meson decays performed at a general-purpose

Indirect searches at CMS

experiment at the LHC

@ Made possible thanks to the collection in 2018 of the B-parking data set

> 41.6 b, ©(10'%) bb events

41.6 fb~! (13 TeV)

1072
CMS Majorana
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—6 M CMS, JHEP (2022) 081
10 —— Observed S CMS, arXiv:2402.18658
—— Median expected >—- ATLAS, Phys. Rev. Lett. (2023) 061803
95% expected M |HCb, Phys. Rev. Lett. (2014) 131802
I 68% expected ~—- Belle, Phys. Rev. D (2013) 071102
107/ : : : : : : :
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Indirect searches at ATLAS

ATLAS summary plots (electrons & muons)

ATL-PHYS-PUB-2025-008
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10°
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ATLAS Preliminary
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m Colliders currently provide strongest direct constraints for my > mg

i
my [GeV]

10°

electron mixing

95% CL limit

Observed
Expected

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

Prompt 3¢
JHEP 10 (2019) 265
Vs =13 TeV, 36.1 fb!

VBF Same-sign 2¢
PLB 856 (2024) 138865
Vs =13 TeV, 140 fb~’

tt Same-sign 2¢
PRD 110 (2024) 112004
Vs =13 TeV, 140 fb~!

Displaced tracker
arXiv:2503.16213
Vs =13 TeV, 140 fo"

Other Experiments

CHARM, PLB 166 (1986) 473
DELPHI, ZPC 74 (1997) 57

L3, PLB 517 (2001) 67

BELLE, PRD 87 (2013) 071102
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muon mixing

|V;1N|2

100

10"

1072

1073

ATLAS Preliminar
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S GAT:

my [GeV]

Matthias

'] 95% CL limit

Observed
Expected

Prompt 22+ 22 jets
JHEP 07 (2015) 162
Vs =8TeV, 20.3 b’

Prompt 3¢
JHEP 10 (2019) 265
Vs =13TeV, 36.1 fb™"

VBF Same-sign 2¢
EPJC 83 (2023) 824
Vs =13 TeV, 140 fb~!

tt Same-sign 2¢

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

Vs =13 TeV, 140 fbo~!

Other Experiments

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

Siampert



The vSMEFT

In what follows, we will assume
> lepton number conservation (LNC)

or
> lepton number violation (LNV) by M S v
» new heavy physics exists at scale A > v Arsenii Titov

Under these assumptions, NR should be present in the EFT
Bounds on amar for A =1 TeV Bounds on Apin [TeV] for a =1

Alcaide, Banerjee, Chala, AT, 1905.11375
- _ T — £+inv
e ONN = (NRVMNR)(NRVNNR) F ér % monojet
[ — — — — monojet
o COeN = (eR'YueR)(NR'Y'uNRD (Oun = (@ryuur)(Npy*Nr)) X &
@dN — (%’YMdR)(N—R’YMNRD @duNe = (ﬁ’YMuR)(N—R’YMeRD P g _ t — bl+inv
— — — — - T — LHinv
LLRR |( Oy = (L, L)(Nev*Ng) ) (Ogn = (Q7,Q)(Npy*Ng) ) - onojet
— — — — T — {+inv
E C OLNLe = (LNR)E(LER) ) C OLNQd = (LNR)E(QdR) ) N 7 — {+inv
~ — — “ fa T — {+inv
= @LdQN = (LdR)E(QNR) alg T — f+inv
— — T — {+inv
LRRL (Ogunt, = (Qur)(NgL)) f/ ; r —s L4iny
C+FE_ o
C - miss
New top decay © ——
” N (a'4 T — {+inv
r N ) v % t — bf+inv
T+ Eniss
T A t A
r N c L t — bl+4inv
0" 10° 100 00 05 10 15 20 25 30
Qrmaz Amin [TeV]
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The vSMEFT

Higgs-N operators

@NNH = (WN> (H?HD N
1H | (Oxg = Lo NHB,, | Onw = La* NaHW},) W--- Arsenii Titov
2H |(Oyy = NV*N(H'iD,H)) \Onne = Nyte(H'iD,H)) N
3H (OLvu = LHN(H'H))

v v
N%K Z%N b= "\
V4 vV
G | 7~ km<~

miss —4 .
B (h — 7Y +pT ) ~ 1.2x10 Operator Cmax Amin [TeV] Channel
for A=1TeV| fora=1

Bh = yy +pf') ~42x 107 | 0,y | 42x10° 15 | by + pi

4 miss
i , . _1 ONNH 5.3 x 10 1900 h — vy + pr

19



The vSMEFT

4-fermion pair-N operators

Name Structure ny=1lny =3 « HNLs are pair produced

Oun | (drv"dr) (NrvuNg) | 9 81 via pair-Ny operators

Oun | (@rY“ur) (NrwNR) | 9 | 81 ! Arsenii Titov
Ogn | (@"Q) (NrYuNr) 9 81

Ocn | (€rY"er) (NrVuNR) 9 81

OnNN | (NrVuNR) (Nr7uNr)| 1 36

Orn | (T*L) (NpyNg) | 9 | st g

on/ N = oy /N =1/(T TeV)?
7777777777777777777777777777777777777777777777 i T T

| aall
N - N A=7TeV -

’fﬁ::ﬁ:,::jﬁf’ \ _
1078 ~ .
(@] —
—= |10 = —
—14
=~ 110 =
10_ 16 AL3X: 250 fb! MAPP1: 30 fb! \ ]
10—18 | | ANUBIS:3ab"  MAPP2: 300 b \ B
_90| | CODEX-b: 300 o
10 — ATLAS: 300 fb™' ]
10_22 | | FASER2: 3ab’! ATLAS: 3 ab™’ _
_24 | | \\\\H‘ | | \\\\H‘ | | \\\\H‘ | | \\\\H‘ | | |
10 —1 0 1 2 3
10 10 10 10 10

my [Ge\/]
20
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0.2

Differential decay rate (a.u.)

0.0

Constraints from KATRIN

Expected signature in KATRIN

» 2pdr

N cos“6 g(m,)
" ; dr

- . -== sin?65z(my)

sin?03E(my) + cos?63L(m,)

Kink

.
.
-
-
.
.
.
.
L .
.
-
.
.
- .
.
B
.
.
.
-
“
.
.,
-
.
-

- . __Sterile Branch ™~
- IsinZ(bS ~~~~~ o T~
B A S U S
18560 18565 18570 18575
Energy (eV)
< >
m4 =10 eV
10-3 TRISTAN statistical sensitivity at 95% CL (qU = 3.5 keV)
1074
o
t 107>
107
1077

m; (keV)

Amg; (eV?)
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10° o

102 E

10’ E

100 E

DANSS
(95% C.L.)

Stereo
(95% C.L.)

Prospect

(95% C.L.)
BEST+GA

(20)
BEST+GA+SAGE
best fit

RAA

(95% C.L.)

Neutrino-4
(20)

KATRIN exclusion
KNM1-5 (95% C.L.)

KATRIN sensitivity

" KNM1-5 (95% C.L.)

KATRIN exclusion

KNM1-2 (95% C.L.)

107"

101 100
sin? (26ee)

* Almost excluded the allowed region

with the Gallium anomaly except a
small region.

 Alarge section of the Reactor

Antineutrino Anomaly was also
excluded as exemplified.

Claudio Silva



Constraints from 0vjp

Limits on heavy neutrinos ()7 = gi % o U

Borexino *. ;

Z —6 \\ ?w ‘,\
S’J 10 % \\ \\\ / . : ' (H_\H‘\I

108

10-10

.. Seesaw

10-12 b
10-5 0.001 0.100 10 105

[Bolton, Deppisch, Dev 1912.03058]
https://www.hep.ucl.ac.uk/~pbolton/ MN (MGV)

- Vaisakh Plakkot



Constraints from 0vjp

|II

The “minimal” 3+2 type-| seesaw model

i i 2 i <77(1)T ZILD
> Sterile mass matrix: My, = r . b My
M (1 . 5)

» Five Majorana neutrinos; lightest neutrino massless

10~/

-
1078
107~°
10_10__ /S S ML S S '-..-1 l i 4 .'.
500 1000 5000 104
[2407.10560] M (MeV)

- Vaisakh Plakkot



Long-lived new vs

Minimal Left-Right Symmetric Model Sterile neutrino decay rates:
Possible final-state particle contents:
Simplest case is the Type-1l seesaw scenario: e Quarks: final-state mesons
Mp — 0. No mixing between SM neutrinos and sterile neutrinos. ° SM leptor.]s L
® SMneutrinos (invisible) 1012
Free parameters: RH gauge boson mass M W and mixing parameter f Sterile neutrino decay lengths: 110(1): 7 €00
n n Are DV searches viable? e
. . %4 cos v —sin o VV1 5 — =03
Mixing matrix: % = . o 167y
Wy sin v COS (v W3 100
01 02 05 1 2 s
: - . My[GeV]
Future ovff and DV experiments have competitive sensitivity reaches!
NA62 Ov3/3, Next-gen
T2K == (Qvp33, KamLAND-Zen

BEBC

0.3

I
|

Jelle Groot




Constraints from hadron decays

= Sterile neutrinos described by four energy dimension-6 operators Belle

3

F
%eff_ cb

le x10

o N B~ O

Crrb)(@rr'vy ) + &y (CR}/M bR)(€ gy Ng) + 8§V(CR b(C NR)

+8Y @b (7L Ny) + 8,0, bp) (7,0 Np) + . c L0 eW i s ew Wil

= Hint at sterile neutrino with a mass of m,; = 354 MeV BO
2500
109 § S S . =0.125 GeV2/c4 I Background
' T 2000 4 Mn=0.354GeVv/c? B - D"y,
10-1 B B-D'IN
(O]
S ¢ Data
© v 1500 - °
o 1072 C o
5 ~
8 w 1000 A
1073
| —— Combined B® —— B* .
10_4 T T T T T T T T 500 i B o
0.0 0.2 0.4 o 6 0.8 1.0 1.2 1.4 o® .,
mlss [GeVZ/C4] O _L"ﬂ’_
-1 O 1 2
Tim Kretz [GeV2/c?]
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Constraints from W measurements

Operators contributing to W — Ne:

C C =
AL=LMLyp HHVH + 2 ppyte,n HYiD, H + f
A? A? A2 Y
p . ) p c}JNH and c]i]W give rise to parity conserving interactions, while chNe gives rise
) ) to a parity-violating V+A interaction - only this operator changes the

(valence u) ~ (sea d)
kinematics of the W decays

Pz /\/\/\>W+

S, ——
) Al VL . 80000 -
N ’ pp, Vs =1.96 TeV 140000 - pp, Vs =7 TeV
or 700007 — Wtolty — Wt ity
VR £+ 60000 - — T _)[—DL 120000 A wW- —>l_l_)L
¢ ? n WT LT 100000 - T WT T
(a) W production and decay at the E 50000 - E W g
1= 1=
2 30000 1 g 60000 A
1N} wl
20000 A 40000
4.0 H L 2 T | ™ ey T o RNl
! observed 10000 - 20000 H * ""---.::::::'.'
3.5 I == ATLAS: my via pt O et T
,' CMS: my via pt 0 L L T 0 =
3.0 I ++ LHC combination
254 ,' = CDF: my via m¥ I
< [ T :‘!!E-:_.._'_:'.__ o 0.30
207 1 0.24 T - .
o 1 Qo ! =)
154 | © - ® 0.25
1 e ny e
0.22 4 caamsefer rante
Lot W 0.20 1 TR
Il . [ _._.-l"' -
0.5 . T T T T T T T T T T T T T T
g 60 65 70 75 80 85 90 95 100 60 65 70 75 80 85 90 95 100
0.0 ¥t T . T { T . mr [GeV] mr [GeV]
0.00 025 050 075 1.00 125 150 175  2.00
Icl . . . . . .
my distribution at CDF my distribution at ATLAS
9

Sam Bates -



Constraints from W measurements ™

An ideal observable for detecting the
difference between the SM and BSM

decays would be c0S 0

- There is a well documented variable, L, such that 2L, — 1 for W~ events with
. : : W W > 50 GeV (reconstructed, after cuts
2L, — 1'is highly correlated to cos &y, at high p;'. P ( )
W™ SM correlation for p%‘] > 50 GeV <107 : Zr:m
= 100 =ES 0.05 4
0.75 7 30 5
] g 0.04 A
0.50 ] S
] 2.5 §
0.25 = 0.031
e
2.0 5
0.00 5
} = 0.02 A
1.5 8
—0.25 ©
0.01 A
1.0
—0.50
075 0.5 0.00 T T T T T T T
: -1.00 -0.75 -0.50 —-0.25 0.00 0.25 050 0.75 1.00
2L, -1
—1.00 0.0
-1.0 —-0.5 0.0 0.5 1.0
2L, —1 19
— -_ —+
e = 0.090 (0.072) for W= (W)
at 95% CL

Sam Bates »7  Need to compare to decay constraints



Discovering new vs at the LHC

RHN decay can give rise to displaced decay signatures _
_> One of the most important
% probe of BSM physics

Production vertex and decay vertex are separated

\
\\\'
N~

9| \ ‘ |

10 |20 30 40 50 60
¥ My [GeV]

Seesaw favoured region can be accessed at the LHC/HL-LHC

28 Manimala Mitra



Discovering new vs at the LHC

Reinterpretation of LHC constraint for HNL search

CMS collaboration, PRL120 (2018) 22, 221801

(arXiv 1802.02965)

% 1boys oo e mpertimie
D Expected g
10! [ ] + 2 std. deviation =
I + 1 std. deviation 3

1072 —— Observed -
10_3 ............ Observed’ E
z:::;: N — DELPHI prompt 3

1074 —— DELPHI Iong-llve%
----- ~ CMS 8 TeV 3
R — — ATLAS -

10 L Ll N
1 10 10° 10°

my, (GeV)

Road Block??

- HEP data files, distributions, cut-efficiencies are not

available for the above CMS search and the previous tri-

lepton+MET HNL searches

-~ JHEP 06 (2024) 123 involves information about
cut-efficiencies for few mass points. For high mass,
more informations required. Informations about
distributions Fig 2,3,4 not available and validation is
difficult.

10*
103
102
10! :

10() s

Opp—eN lfb]

1071 5

10~2 E

PRL 120,221801(2018)
JHEP 01(2019)122

JHEP 10(2019)265

JHEP 07(2022)0.81 (displaced)
JHEP06(2024)123

G- = 10—8,Cl’\ =10"°%
Ca=10"%,C) =0.0
Cpr=0.0,C) =107%
Cr=T7x10"%C\ =7x107*
Chr=4%x10"°Cy =4x 107"
Cr=10"7,C) =1078
Cr=10"%,C\ =107

\

-
o

10-3
10?

To follow up?

29

10

102

M N [GeV]
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Direct searches at ATLAS

Heavy right handed Wgr and Nr

No significant excess seen, set limits at 95% CL

Resolved and boosted channels not orthogonal and are not combined

Significant increase in sensitivity in Dirac and Majorana scenarios for
e and u coupling

Does not see the same ~30 local excess observed by previous CMS
search

Muon channel Vs =13 TeV, 139 fb™', All limits at 95% CL Electron channel Vs =13 TeV, 139 fb™", All limits at 95% CL

ATLAS Resolved 36 fb™!
JHEP 01 (2019) 016 ATLAS

ATLAS Resolved 36 fb'
JHEP 01 (2019) 016 ATLAS

....... Boosted Expected (1 04yp) Dirac scenario ------| Boosted Expected (+10¢,,) Dirac scenario

m(N_ ) [TeV]
(o))

m(N ) [TeV]
(0]

............. Resolved Expected (+10,,,) o Resolved Expected (£1 0yp)

Boosted Observed N eed to reVi Sit

Boosted Observed

_II\'IlIIII|IIII|IIII|IIII|IIII|IIII

_Ill\llIIII|IIII|IIII|IIII|IIII|IIII

— — Resolved Observed TN — — Resolved Observed et~ . .
3 3 — Dirac scenario?
2 2
1 1
J J
arXiv:2304.00553 m(W ) [TeV] 10 m(W ) [TeV]
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Direct searches at CMS

Very Low mass

SOPhiSTiCGTed s‘ 10_2 " Same-sign 2¢ + jet
\ / JHEP 01 (2019) 122
Techniques *410° B
A VBF $amgg-sign 2¢

Exclusive e coupling

CMS 35.9-138 fb~1(13 TeV)

—
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1 0_4 :_ ___ Prompt 12 + 2 displaced ¢ |
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sl JHEP 03 (2024) 105
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Direct searches at CMS

arxiv.2203.08039
Muon coupling dominance: U*: Ui:Uf =0:1:0
low mass bounds \
\ N ~k.
DELPHI R
NuTeV
PIE \
~A\ N > ol
%y t 10
*Oa% CcMS
A
ko) / an-
[,OGI) \ /\/4 \ ? 1
< \ 6> '\
PIONEER @ ~ A\ %, WS, 5x10"7 Only
e @O’o 9 \ OQ% P {:ter (dotted) )
~ lid
> neseid - displaced leptons
A B NA62, K decays I~
e filled
3 sglid 1?52“55&”1%“ o K SHiP 2x10° pot Shown
"y - solid: without B 4
B \ . - dotted: with B, (upper limit) 10
.‘\\ 1HyperkK*
N
~~~~ 10°°
SeeSaW ,_6
1 1 IllIlII 1 1 IlIIlII I]'hllll 1 1 Ll L L1l 1@ =
l -
2 -1 2 7L
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m[GeV]

¥
Very low mass searches, exclude

new extra parameters space
At 1-2 GeV!
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First search

a’r ver'y high mass in type-I seesaw

Majorana

E - QObserved
[ -- Expected

I T |
~
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___ Same-sign 2¢ + jet
JHEP 01 (2019) 122

= JHEP 07 (2022) 081
VBF same-sign 2¢

~ JHEP 03 (2024) 105

___ Prompt 12 + MDS
arXiv:2402.18658

Prompt 3¢=(e, y, 1)

T 2403.00100

- arX|v 2403.04584

35.9-138 fo~'(13 TeV)

Muon channel

Prompt 12 + 2 displaced ¢

" PRL 131 (2023) 011803
Prompt 1¢ + >=1 displaced jet

Would be nice to
provide common
Summary plot + ATLAS
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e
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Overall improvement of

DELPHI's + Belle's boundaries!
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Direct searches at CMS

Tau coupling dominance: U::Ui:Ui =0:0:1

arxiv.2203.08039

Not

DELPHI

.| New to the big picture

A 2
‘5
107 ‘ .
" SHADOWS, 5x10" pot .
', l-spectrometer (d s 138107 (13 TeV)
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. 20
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S . - solid: without B,
- dotted: with B_ (upper limit)

Ven:Vin:Van =0:0:1
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Future combination ...

CMS 138 fb~! (13 TeV)
Majorana HNL 0 1 10°
mn = 4.5GeV

95% CL lower limit ctg (mm)
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Testing the origin of v masses

S N

[ Asymmetry

S

Y
ProtoDUNE in beam dump configuration? /Neuttino Lo\ Testhbility
. Masses” | \
10-3
1074
107°
* Measurement of CP violation in neutrino oscillations, HNL mass and mixing with
10-6 electron, muon and tau flavours can suffice to pin down matter-antimatter asymmetry.
2 2 2 2 2 2
— |Ue| 7|U,u| 7|UT| ‘U€| 7‘U,u‘ "UT’ , 0
‘__C 10—‘ 27 T T T T T o2 T T T T T
~ |A.\[ — 1%, AUZ, = 1%, AUZ = 10%' $ NH AM = 1%, AUZ, = 1%, AU = “’%l NH
Y H — e
10-8 S Ad =15 e IH
3m/2 , 1 37/2f 1
-9
10 <~ »® |
10710 I
/2[ N 1 7/2
101! - S %
10? | _ 0 . . . . - ] , , 1 , -
my(MeV) =15 -0 =5 0 5 10 15 95— s 0 5 10 15
i YB/IO—“ YB/lo—ll
| [ M™/GeV  (U3)irue (U3) rue (U2)irue | 07%/rad |

FCC—ee + DUNE/T2HK

NH 31.60 2.843 x 10712 1.087 x 107 1.234x 107 | 5.396
IH 20.731 3.291 x 10711 4.823 x 10712 3.465 x 10712 5.402

Hernandez, JLP, Rius, Sandner 2305.14427
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Cosmological constraints on vs

DESI 2025 — [arXiv:2503.14738]
EARLY UNIVERSE CONSTRAINTS

The total neutrino mass Z m,, impacts the CMB in various ways:
DESI+CMB [CamSpec]

DESI+CMB [P1ik]
DESI+CMB [L-H]
DESI4+CMB [CamSpec| (wow,CDM)

1) it boosts the late-time non-relativistic density, affecting the scale-angle
relations on the last scattering surface and the late ISW effects.

2) affects the non-relativistic transition of neutrinos by changing the pressure-to-
density ratio and causing metric fluctuations observable in the early ISW effect.

3) it reduces weak lensing effects on the CMB by suppressing the matter
power spectrum and CMB spectra at small scales.

max

A

P/

LATE UNIVERSE CONSTRAINTS

g
’

How can we improve the CMB limit on Neutrinos?

1) Neutrinos will become non-relativistic particles, contributing to the matter 0'8.00 0.65 0.'10 0.'15 0.:20
energy density at late times. Depending on their mass, they will alter cosmic
distances, measured by BAO and, in part, Supernovae. Z my [GV]

2) Neutrinos will suppress structure formation, affecting other local observables
such as the matter power spectrum and weak lensing. We can examine the large-
scale structure of the Universe.

. CMB+DESI-DR2: ) m, < 0.064 eV

3
% Oscillation Experiments 10: ) m, > 0.1 ev

William Giare 35



New-v searches with Ice Cube

There is a slight preference for sterile neutrinos,
which is in tension with other measurements

100.0 e
| This Result (10.7y) R
| & DBest Fit

EEE 90% CL rrmarr i
10.0 ; o 99% CL ---------------

LO}

Am7; [eV?]

‘e
..
L]
-
“e
e

0.1+  Other experiements (90% C.L.)

| MINOS+  ==- CDHS

. —— MB-SB (v) CCFR |

SEEREE MB-SB () —:— SuperK \

R 7 | F B N
Sin®(26s;)
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New-v summary

Many new results, a wide survey of new-v physics

Plenty of issues to follow up

Thanks to all the speakers for the insightful talks!
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