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v’ incoherent neutrino mass

mf = Upil? - m?

l

see Guido Drexlin’s talk (Friday)

v’ Sterile neutrino searches

v’ Relic neutrino search = this talk

Tritium
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v' measurement of the electron f —spectrum
near the endpoint rermi, Nuovo cim. 11 (1934) 1-19

-

3He

Eo = 18.56 keV
T1,= 12.3 years




KATRIN experimental challenges 105 of

decays in

last 40 eV
v’ strong tritium source: 10! decays/s

v' <0.1 cps background level
le—4

. 1.5 1
v’ ~1eV energy resolution —— mp=0eV

—— mg=2¢eV

spectral index is
mg dependent!

v" 0.1% level understanding
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of the spectrum shape

v' 0.1% level hardware stability
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KATRIN Working Principle

Analysing plane
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Measurement strategy

Integral spectral measurement !
around the endpoint

B-scans illustration:
v'scan points:  ~30 HV set points
v'scaninterval: E,-40eV,E,+135eV

v’ scan time: ~2 hours

B-decay background
spectrum : region
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KATRIN Data Taking Overview
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Cumulative electrons in ROI

o TPTuh2e Apr 210t oojul 21 Oct ! 21 Apr ! 14 Oct

29 Apr
2018 2019 2019 2020 2020 2021 2021 2022
light sterile neutrinos relic neutrin0s
* Commissioning e 1% m, campaign e 15t+2"m, campaign
* Only 0.5% tritium ¢ m,<1l.1leV * m,<0.8eV q.
EPJ C 80, 264 (2020) PRL. 123, 221802 (2019) Nat. Phys. 18, 160-166 (2022)
Phys. Rev. D 104, 012005 (2021)
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Cosmic neutrino background

340 relic neutrinos of all species /cm?3 in the Universe
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Cosmic neutrino background figures

v'in the very early Universe, v’s are in thermal equilibrium with matter/radiation
v'Big-Bang + 1 sec: v decouple — Cosmic Neutrino Background emission
v'today: <n > ~ 56 O(meV) v per cm? per specie

v'local v clustering possible - overdensity ratio 17 can be constrained by KATRIN

10* seconds 1 second 100 seconds 380 000 years 300-500 million years Billions of years 13.8 billion years

Beginning &
of the @ a2
Universe  “$a 383

Inflation Formation of Light and matter Light and matter  Dark ages First stars Galaxy evolution The present Universe
light and matter are coupled separate
7)) 0.17 MeVic*
iSSi 50 Vo L Wy D
CvB emission 2. ¥ LW L W
& &l etutnno neutrino neutrino 10
s ique = muonique tauique
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Dataset for CNB analysis

as in the case of neutrino mass analysis

Campaign date
Total scan time
Source activity
Background
Tritium purity

Electrons in Rol

15t campaign

April-May 2019
522 h
25 GBq
290 mcps
97.6%

2 Mio
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2"d campaign

Sept-Nov 2019
744 h
98 GBq
220 mcps
98.7%

4.3 Mio

11



Thresholdless neutrino capture on Tritium

H+ v, — He* +e

S. Weinberg, Phys.Rev. 128 (1962) 1457-1473

tritium

‘n

/V e
y
‘V \
é\l\l\/l/é;
~ Big Bang < 4
AN
W / ] fv
Vv

differential spectrum

Kurie Functions

Electron
peak

Irvine, Humphreys,
J. Phys. G 9 (1983) 847

J

<1 eV: energy resolution
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100 g
tritium
yields
— 10v
captures
per year

—

REALITY
CHECK AHEAD

[

12



Electron
¢ Ty
¢  HeT™

Overall gaseous tritium quantity at TLK: currently 25 g

KATRIN has only the sensitivity to
probe large clustering of cosmic
neutrinos around the solar system
n=n,/<n>

13
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Analysis strategy

v fit of theoretical prediction: I'(qU)
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Analysis strategy

v’ fit of theoretical prediction: IT'(qU) « A - fjl‘]’ D(E;m2,Eg,m)-R(qU,E) dE + B
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v’ Relic neutrino fit parameters: 17, <ECvg>, E, B, A, m,z,
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v fit model informed by theoretical and experimental inputs (e-gun, krypton, monitoring, ...)
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Theoretical INPUL: molecular final states

0.025
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O

0.010

state probability Ps

0.005

0.000

—— electronic ground state
~~~~~ excited states

state energy V¢ (eV)
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v’ B —electron and tritium molecule share
the energy released in the decay

v precise calculation of molecular ground

and excited final states
A. Saenz et al, Phys. Rev. Lett. 84, 242 (2000)
+ KATRIN updates

v’ unavoidable energy broadening
due to molecular effects

v’ zero-point energy broadening
(irreducible)

16



Impact of molecular Tritium on CNB search

Tail of tritium [ decay differential spectrum
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v Free Atomic Tritium: relic peak 2m, above E,

v Molecular Tritium:

- relic peak separation in the
data reduced to: 2m, - E¢s

v" For m,< 0.85 eV:
v' relic signal with B electrons overlap

v’ forn=1:S/B ratio = 1077

v" the detection of relic neutrinos with
molecular tritium is deemed infeasible
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Relic neutrino analysis fit
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CvB
>
—— Neutrino capture full differential spectrum 1
—— Gaussian fit of ground state (used in the analysis)
43% of neutrino captures
L not considered ]
A . . . L& L
-30 -25 -20 -15 -10 -5 0 5
E-E, (eV)

Relic neutrino capture peak
on the differential spectrum
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Relic neutrino search fit with systematics

v Standard y? minimization

5
4
83
g,
s
-150 -100 -50 0 =
retarding potential - E  (eV) .% §
o
L2
v’ Blinding: analysis validated & fixed on mockup data 3
-4
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-40

Retarding energy -

0
18574 (eV)

135
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Relic neutrino fit results (best fit)

Count rate (cps)

Time (d)

2
10% ¢ ' T
; Spectrum KNM1 5 v" KNM1 2019 dataset:
with 1o error bars x 50 1
g + Spectrum KNM2 ' Y 522 hours
107 ¢ with 1o error bars x 50 : v' 3.4 ug for capture on tritium
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Relic neutrino fit results (best fit)

| : KNM1- Data Set _ v KNM1 2019 dataset:
1 —H'f*HH”fH{{f*HH ......... } .................. + ........... : v’ 522 hours -
s =0 Bestfit: n-a=3.7e+ll | +1.4et11 v 3.4 ug for capture on tritium
0.98
© v KNM2 2019 dataset
& KNM2 Data Set Y’ 744 hours
R e v 13.0 ug for capture on tritium
1 PR ’ ¢.¢.+.+.+. 4 ) 5 i#£+++++ ......... + ...................... d
0.98 g ——aDeskits YReasoibell)  Sodekll | § v" no evidence for relic neutrino

-40 -20 0 20 40 overdensity — upper limits
Retarding energy - 18575 (eV)

v" KNM 1+2 combination
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Systematics uncertainties overview 2
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Uncertainty budget for relic neutrino search

Total

Statistical

Bkg rate
Bkg slope

Final-state distribution
Stacking

Detector efficiency
Scan fluctuations

Theoretical corrections
Response function

Total

Statistical

Bkg rate
Bkg slope
Response function

Scan fluctuations
Stacking

Plasma
Final-state distribution

Theoretical corrections
Penning trap

Detector efficiency
108

inner surface: 650m?2
volume: 1400m3

v' Both analyses are statistics dominated

V' Largest systematics: Background rate & Background slope

I hierry Lasserre — Now 2022
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I————————— ST PR CELLEELLLLEE ELELEL L \/test for |arge Overdensitv N of relic
' ’ neutrinos in our surrounding

' Majorana: a=1

| Dirac: a=1/2 excluded - v First campaign KNM1
______ == v’ Second campaign KNM2
S 0 BT T ————— W——— e
S ... = |
E——————— -] KNM1 ] v'combined limit
I I ‘ v'n<1.1-10%/a at 95% CL
s KNM 1 4 2 '

= == KATRIN projected 3-yr sensitivity

-.—-—-—-—-—-_-_-_____________ 1 v the search is statistically limited

Yol e o o ) o e o ) . o
100 0.2 0.4 0.6 0.8 1

mi (eV2) 24
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Conclusion & Outlook

v first KATRIN search for relic neutrinos:

10%° — T T B Phys. Rev. Lett. 129, 011806 (2022)
" . © !
| Majorana: a=1 [ Y new limit on relic neutrino overdensity
| Dirac: a=1/2 ! I Il _ ratio:
3 jol0p= === == = = e T T P T ! v'11<1.1-10"/a at 95% C.L.
= KATRIN projected 3-yr sensitivity

v improved limit by 2 orders of
magnitude compared to previous
laboratory limits

5
107 os Alamos _ Troitsk KNM1 KNM2 KNM1+2 v new KATRIN forecast: n < 1 - 10%
(90% C.L., 130 mcps background)

Don’t miss the KATRIN plenary talk by G. Drexlin on Friday!

25
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Outlook: dataset available in 2022

* commissioning

e only 0.5% tritium

EPJ C 80, 264 (2020)
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Cumulative electrons in ROI
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15t campaign e 15t + 2 campaigns * next dataset available in 2022

2e6 e in ROI e 6e6e inROI o 15t 2nd 3rd gth 5t campaigns

m,<1.1eV * m,<0.8eV * ~30e6 e in ROI

PRL. 123, 221802 (2019) Nat. Phys. 18, 160-166 (2022)
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>70e6 e registered

PRD. D 104, 012005 (2021)
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