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: Outline:

¢

1. The 83-year long search for neutrino mass.
e Tritium B-decay spectrum analysis — best choice
e Era of Electrostatic Spectrometer with Adiabatic Magnetic
Collimation (MAC-E filter)
e New challenge: Project KATRIN
2. October 14, 2016 - KATRIN ’First light”
3. KATRIN background studies, new players:
e Radon
 Rydberg states
4. KATRIN sensitivity
e Final state spectrum — new calculations

e Current expectations
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< ﬁFQ 1934: Neutrino mass could be evaluated
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from nuclear f- decay spectrum

Versuch einer Theorie der g-Strahlen. I?).
Von E.Fermi in Rom.
Mit 3 Abbildungen. (Eingegangen am 16. Januar 1934.)

E. Fermi, Z. Physik 88 (1934)

.
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< if’wjf’* 1948: First experiment with tritium
2 T — 3He + e + 18,6 k3B

E'EE"’ : ¢ UNCORRECTED POINTS — .
I\\T 1 CORRECTED POINTS

E—f"’%* Mo nsesc opl— I T R [ ‘4&‘““" 2l

Fic. 2. " Kurie" plot of the end of the H? spectrum. The theoretical curve
) (shown dotted) corresponding to a finite neutrino mass of 500 ev (or 1 kev
m, < 1 xaB/c —gee text) has been inclo for comparison.

Hanna G.C. and Pontecorvo B., Phys. Rev. 75 (1949) 983
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¢ 1983: Electrostatic spectrometer with
i adiabatic magnetic collimation
., 1 TOItsk v-mass’ experiment

Petr Spivak

Vladimir Lobashev
24.03.1911 - 30.03.1991

29.07.1934 — 3.08.2011
V.M. Lobasev, P.E, Spivak Nucl. Instr. Meth. A240 (1885) 305
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Electrostatic spectrometer with
adiabatic magnetic collimation

Charged particle 1n a slowly varying magnetic field moves

adiabatically.
e During transition into weaker magnetic field velocity vectors are
aligned along the magnetic field — electrostatic analysis 1s applicable
* Spectrometer resolution is decoupled from the source dimensions
 Electrons from decay on the walls can’t reach detector

B

inch

<< Bp

analyser
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A? ‘"‘;ﬁ “Great minds think alike”
2

% / Mainz Neutrino Mass Experiment < ‘}
i Newt™

Robert B. Moore Ernst Otten Jochen Bonn

Physics Department, 7.04.1944 — 27.08.2012
McGill University Physics Institute

Johannes Gutenberg University
Montreal, Canada

Mainz, Germany

A. Picard et al., Nucl. Instr. Meth. 63 (1992) 345
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< i"g_ﬁ ~1998: New challenge:
,%Zm@‘? Mainz and Troitsk reached their limits

but it is possible to improve neutrino mass limit
by another order of magnitude
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< ”wft Forschungszentrum Karlsruhe
2 & Tritium laboratory with license for 40g of Tritium
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ﬁfz 2001: Workshop at Bad Liebenzell
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5 groups from 4 countries:
eKarlsruhe
*Mainz
*Troitsk
*Seattle

*NPI Rezz near
Prague Letter of Intent

:B‘)I
o?’s‘

KATRIN: A next generation tritium beta decay experiment
with sub-eV sensitivity for the electron neutrino mass

A. Osipowicz®, H. Blitmer™f, G. Drexlin®, K. Eitel®, G. Meisel?, P. Plischke?, F. Schwamm?,
M. Steidl®, H. Gemmeke®, C. Day?, R. Gehring?, R. Heller?, K.-P. Jiingst?, P. Komarek?,
W. Lehmann®, A. Mack?, H. Neumann?, M. Noe?, T. Schneider?, L. Dérr®, M. Glugla®,

R. Lisser®, T. Kepecijal, J. Wolff, J. Bonn?, B. Bornschein?, L. Bornschein?, B. Flatt?, C. Kraus?,
B. Miiller?, E.W. Otten?, J.-P. Schall?, T. Thiimmler?, C. Weinheimer?, V. Aseev®, A. Belesevh,
A. Berlev, E. Geraskin®, A. Golubev®, O. Kazachenko®, V. Lobashev®, N. Titov®, V. Usanov",

3. Zadoroghny™, O. Dragoun’, A. Kovalik’, M. Rygavy®, A. Spalek’, P.J. Doe!, S.R. Elliott?,
R.G.H. Robertson’, J.F. Wilkerson
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. ;’y_ . 2001: Project KATRIN
%7 2 &

First Head of collaboration board
Prof. Dr. Johannes Bliimer
Director of the Institute for

Nuclear Physics
Institut fur Experimentelle Kernphysik Karlsruhe Institute of Technology

Co-spokeperson
Prof. Dr. Guido Drexlin
Karlsruhe Institute of Technology

Co-spokeperson
Prof. Dr. Christian Weinheimer
Universitat Miinster
Institut fiir Kernphysik
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& Among KATRIN senior fellows
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Prof. Dr. Hamish Robertson Prof. John Wilkerson
Center for Experimental Nuclear Physics and Department of Physics and Astronomy
_ . Astrophysws, CENPA University of North Carolina, NC, USA
University of Washington, Seattle, WA, USA
19 AUGUST 1991

VOLUME 67, NUMBER 8 PHYSICAL REVIEW LETTERS

Limit on v, Mass from Observation of the 8 Decay of Molecular Tritium

R. G. H. Robertson, T. J. Bowles, G. J. Stephenson, Jr., D. L. Wark, @) and J. F. Wilkerson
Physics Division, Los Alamos National Laboratory, Los Alamos, New Mexico 87545

D. A. Knapp
Physics Division, Lawrence Livermore National Laboratory, Livermore, California 94550
(Received 6 May 1991)

m,<9.3eV (95% c.l.)
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< 5% Among KATRIN senior fellows

%’«zfﬁ@“‘ Nuclear Physics Institute, Acad. Sci. Czech Rep.
Rezz near Prague, Czech Republic

e
L

Q
o 1
Alojz Kovalik

Draosv Vénos

Otokar Dragoun

S RySavy -
Antonin Spalek

Milo
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ﬁi KATRIN collaboration at 2015
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Collaboration: AT

- 130 scientists Gl ' _';}' g ,___.:'_.
- 5 countries EE i s Ill il-
- 14 institutions A5

THH UNIFAREITT
= ORTHM CARCLENS

Experimental objective:
» model-independent neutrino mass
- sensitivity: 0.2 eV/c?

Fachhochschule Fulda

5' bt - Firderscheepeit  Dayutsche myw
. Erp—— ? ® s Forscungsgeneinschaft | © SOUTCe: gaseous tritium (R-decay)
| ASSOCIATION AT i —— DFG
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ﬁi KATRIN collaboration at 2017
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%%%Neuﬂ’“@&&
Collaboration: AT

» 130 scientists
6 =5 countries
17 < A4 institutions

‘Westtallsche
Wwilhelms- Universitat
MR StRr

THH UNIFAREITT
= ORTHM CARCLENS

Experimental objective:

» model-independent neutrino mass
- sensitivity: 0.2 eV/c?

=0 bentyf - Fardorechmeeek  Deytsche

.‘ Astroteilehanphysik Fgrxhungggemgin schaft = Sﬂu rcE: gasen US triti um (B'decaY)
L
it e i DFG

Fachhochschule Fulda

5 HELMHOLTZ
| ASSOCIATION
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Main parameters:

Total installation length 70 m
40 superconducting solenoids
Spectrometer diameter 10 m
Inner source diameter 90 mm
Source column density 5-10'7 mol/cm?
Total source activity = 100 GBk (3C1)
Resolution AE =0.9 eV at 18 keV

Neutrino mass sensitivity

(after 3 years of data taking):

m, < 0.2 eV/c?
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KATRIN — 2016
=" 14102016 - “First light””

Electrons with 100 eV
energy uniformly
emitted from “Rear
Wall” were detected by
focal plane multipixel
detector placed at the
opposite end of
installation at 70 m
distance
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M;”Q{Z KATRIN - since 2013
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s V1IN Spectrometer own background studie

Background studies summary
(F.Fraenkle talk at CM 09.03.2016)
will be published soon

internal
radioactivity

x il S LIIIIZIIIDfssioICIoioo -'; DIIIIIEDIIIIEISIISIgIEINIZIIIITgS o " |
- %
K, . external radioactivity
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Radon induced
background (= 400 mHz)

Fabian Harms talk at KATRIN CM, March 2017,
will be published soon

Y
!\N\N\N\I\J _ Inner-shell Shell-

¥4
shake-off reorganization P4

. oy slectons
KATRIN Main Spectrometer = @ Vacancy ,)R ‘)
has about 100% detection S 2 AR A Y

Conversion - electron
220g 216p hig

=] keV

efficiency for Rn decay when it

hgg ens in the volume _ | |
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Mb "‘i{z Radon background was reduced

Lo by 97% after baffles at nitrogen
temperature were 1nstalled 1n pumping ports

Two known sources of Rn:

21Rn from NEG getter pump
Interception efficiency by cold baffles 97 %

220Rn from welding_—~ excluded
Inter on efficiency by cold baffles 90%

1y _7_..
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T
*’;'\j_{z New type of background
s was observed

¢

Observations:
1. Background is generated uniformly in spectr. volume.
2. Background rate is independent on vacuum level.

Long term puzzle:

A background exists that is generated by low energy
(below 1 keV) electrons that appear in the center of
spectrometer vessel. It was theoretically and
experimentally proven that because of magnetic
collimation electrons with such a low energy couldn’t be

emitted from the vessel wall or any solid electrode.
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;"i / 20°Ph-induced H*-Rydbergs —
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a coherent spectrometer background model

G.Drexlin at KATRIN CM, March 2016
will be published soon

Rydberg states act as long-lived neutral

messengers from surface processes
KATRIN spectrometer surface 1s about
100 larger than 1n Mainz/Troitsk cases

A Rydberg atom is an excited atom with one or more electrons that
have a very high principal quantum number n, and r ~ n?, E. ~ 1/n’
Thus Rydberg atom 1s extremely large with loosely bound
valence electrons, easily perturbed or 1onized by collisions
or external fields (Wikipedia).
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QT,{?Q New obeservation method - a surface

ﬁi / microscope by asymmetric B fields
Py eats G Drextin at KATRIN CM, March 2016
Large number of
2-hit cluster (20-50
electrons per event)
[master A. Miller]

§
%N

o = N @K O~ OO O N

generation of
Rydberg states H*

G. Drexlin — KATRIN
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g G.Drexlin at KATRIN CM, March 2016

Rn-222 decays in inner volume
- short-lived progenies decay to Pb-210
- complex transport (aerosols, electrostat. fields)

%Pb
82

26.8
Minutes

210 I
81

1.3 Minutes

U-238 decay chain

G. Drexlin — KATRIN
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relative rate [102/ nm]

R . .
& ”;2(1 Rb-210 deposition on inner surface
2

b =

8 3]

%, H G.Drexlin at KATRIN CM, March 2016
; &

u ilﬁﬁfﬁﬁtaﬁon: maximum depth of Pb-210 d < 40 nm [PhD F. Harms]
incorporation into aerosols: sticking to inner surface

H 210Pbh-decay on the wall was identified via conversion electrons
222Rn-daughter

N w ~ &)
|

OA|||\|||H||\|

aerosol stainless steel

—

35 40

5 10 15 20 25 30
implantation depth (nm)

- Pb-210 implanted in stainless steel
- Pb-210 incorporated in aerosols

G. Drexlin — KATRIN
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T
& X 1) 206Ph jons from 21°Pb chain

2 £ G.Drexlin at KATRIN CM, March 2016

- measured rate (in 2x) ~ App.010 ~ (900£100) s [PhD F. Harms, 2015]
- App.010 UppET limit for Ap,_o06: 2°°Pb recoil ions with E,;, < 100 keV

“Pb)

22.3 Years

w1
81

4.2 Minutes

Pb-206
Ewin = 100 keV . L

G. Drexlin — KATRIN
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f?{z 206Pp ions as source of H* & electrons
G.Drexlin at KATRIN CM, March 2016

ions are proposed to generate:
low-energy electrons (E<1eV) with exponential multiplicity distribution
- large number of Rydberg H*-atoms (~ 100) & Fe, Ni, Cr, O atoms (~20)

Cr, Fe @

Cr, Fe H*

H* &
®

H* S
H* 4 M
H* .9
H* //’m§ wﬁ@ “Pb-206
Cr.Fe (&) 7 »¥ flat kinetic energy spectrum [SRIM]
© Rl 0-100 keV, A. Osipowicz 2015
y@@
v e H H HHO

nonst rt é =
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G. Drexlin — KATRIN
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New Final States

;; [ § °
:E' Spectrum calculations

Summary and outlook
Cross-check of the old calculation using a completely new approach for both

electronic and nuclear part.
Automatized set-up for arbitrary isotope mixtures, temperatures, and fit ranges.

Outlook:

Continue convergence studies — error estimate.

Talk at KATRIN
CM. March 2017 Inclusion of non-adiabatic corrections for all states.
Analysis of final molecular products/fragments (for TRIMS experiment).

28

Will be
published | |
Energy loss (electron scattering).

SO0Nn
Consider non-X states (non-adiabatic effects, recoil effect, corrections to sudden

approximation).
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< ;”fz Electronic part of
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i the Final States Spectrum

100 E 1 | | l I Picture from
i ] L. I. Bodine, D. S. Parno,
10| 5 and R. G. H. Robertson

Phys. Rev. C 91, 035505

: Calculations by

1 Saenz, S. Jonsell, and P. Froelich,

3 Phys. Rev. Lett. 84, 242 (2000).

i —red

3 0O. Fackler, B. Jeziorski,W. Kolos,
i — ] 1H. J. Monkhorst, and K.Szalewicz,

0.001 | L | | 11 Phys. Rev. Lett. 55, 1388 (1985).

-250 -200 -150 -100 -20 0
— blue

0.1k

Relative probability (%/eV)

0.01 |

Binding energy (eV)

29 International Session-Conference of SNP PSD RAS "Physics of Fundamental Interactions". June 6-8, 2017. Nalchik



" o,g\lﬂ){

TR
< ;”fz Electronic part of
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“w"  the Final States Spectrum

100 3 I . : |
: Analysis intervals:
. - «— Previous experiments  ————— 1
10 . — . .
® § KATRIN Design 2003 < i Provided that calculation
S E o, : :
0 KATRIN extended  « fUﬂ’ i of Final States Spectrum
h~ TE i = . .
5 N 4 electronic part 1s robust
3 |
S 7 / W <+ ||1 data analysis interval
O 0.1 = ;ﬂﬂr ! 3
- : X i could be extended.
3 ol ~ | 5bound i
I f “./ electronic :
] excitation
0.001 antlll [ | states, |
-250 -200 -150 -100 -50 0

Binding energy (eV)
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QT_EQ KATRIN sensitivity

ﬁzi / with increased background
P s 240 meV (90% c.l.) after 3 years
B (K.Valerius at “Neutrino — 2016”)
Background
reduction .
350+ 558 mcps i
measures - ———— EO - 30 eV non-optimized

—-—E0—45eV
—v—E0—60eV

. 108
were studied one op™

- optimized 3007
scanning strategy
- increased range of

spectral analysis

- flux tube
compression by
increasing B

|

sensitivity on m_in meV (90% C.L.)
: && o

250+

v

~240 me

- 1-2 0.8 B-field in mT 0.38
200 1@ TDbR2004 AE~2.5¢eV .
optimized for -

10 mcps

analysis interval | optimized scanning ]

-

analysis

0 100 200 300 400 500 600
background rate in mcps
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Thank you for your attention !
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Back up shides
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AT

Baﬁl e eﬁi c i e n cy Karlsruhe Institute ofTErJ’lnoIcgy
MolFlow+ simulations

G. Drexlin et al., Vacuum, Volume 138,
Pages 165 - 172, 2017

Rn from NEG 22Rn from vessel
§ 100 & 5 100
g | g [
g [ s |
o
£ 80— g 8o
5 i S B
s | — s I
B 80— 0 B 60—
c B E B
2 - = -
§ f g L
40_ 40_ .......
L 4— All baffles cold (D) L $— All baffles cold (D)
i % Baffles 2 and 3 cold (C) - %  Baffles 2 and 3 cold (C)
21— 4— Baffles 1 and 2 cold (E) - 20— & Baffles 1and 2 cold (E) [~
i 8  Baffle 2 cold (B) B & Baffle 2 cold (B)
0_ it IIII| 1 IIIIIII| 1 IIIIIIII 1 IIIIIII| 1 IIIIIIII 1 111l D_ 1 IIIIIII| 1 IIIIIII| 1 IIIIIIII 11 IIIIII| 1 IIIIIII| Lrrnl
107 107 1072 107 1 10 10 10’ 107 107 107 107" 1 10 107 10°
Relative desonption time Tg‘e's Relative desorption time T:é' .
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.&,«b *"’i ;{z JIEKTPOCTATUYECKH CIEKTPOMETP €
&

i f aanmadaTH4YecKOM MArHUTHOH KOJLJIMMAaNUe
: &
R IpuHun padorsbl
Isotropic
source B
l
—— AE =| eU , | —naser

.3 ;AI PIZ\ B pinch

Analyser —
plane 109 Transmission Function T
(AE - total step width)
0.8 for different B/B,__: 7
c | i Full opening
[T [— ] /_,,. 1
Bricokoe N | _
pa3peIeHue ClIeKTpOMETpa = _
- Small opening -
He saeucum 0l 7 =D |
OT pa3Mepa UCTOYHHUKA 02 00 02 04 08 08 10 12

(E-eU,)/AE
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‘k’b ﬁﬂi-}-{z DNEKTPOCTATUYECKUI CIIEKTPOMETD C
7 1; # wmarHuTHOU ammabaTHYEeCKOH KOJUTMMAIneH
iy Nows'®
" OyngaMeHTaIbHbIE OCHOBBI

g
%
%

Kputepuil aquOaTu4HOCTH €:

B 1 B
Szlgmd er <<l wm E=——-1—k<l1
B Wy

TNI€ Iy, Wy — paauyc ¥ yactora JIapMOpOBCKOU IIpeLeccuu

AnnabaTU4ecKUil MHBAPUAHT COXPAHIETCS AKCIIOHEHIIUAIBHO:

JLLA. Apunmosud, P.A. CarneeB ®usuka mia3msl 15 GuzukoB. Atomuzaat, 1979

[Tpu coOI0IeHNN KPpUTEPUS AIMA0ATUYHOCTH PAa3pELICHUE CIIEKTPOMETPA
HE 3aBUCHUT OT PAANyCa U KPUBU3HBI TPACKTOPUH !
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YcraHoBKa « I pOMIIK HIO-MACC

Cnektpometp
JUIiHA 6,5 M
araMeTp aekTpoaa 1,2 m
pazpemieHue 3,7 3B
Huamerp ucrounuka 20 Mmm
tommuHa 1-10'7 Mon/cm2

IlepBbic 1aHHBIE
ony0JMKOBaHbI B 1994r:

f ( - 'Ao_.
Paper presented at XXVII Int. Conf. on High Energy Physics,_} ‘ £ A
Glasgow, UK, 20-27 July 1994 . 155 : _B > 7 S

s

Lo

7 Vo

37 International Session-Conference of SNP PSD RAS "Physics of Fundamental Interactions"”. June 6-8, 2017. Nalchik



TR
< 7 FQ 2003: 3aBeplicHUE COOpa JaHHBIX
¢ 10 MAaccCe AJIECKTPOHHOTO AaHTUHEUTPHUHO.

ELSEVIER Nuclear Physics A71% (2003} 153c-160¢
www.elsevier.com/locate/npe

The search for the neutrino mass by direct method in the tritium
beta-decay and perspectives of study it in the project KATRIN

V.M. Lobashev®

*Institute for Nuclear Research of the Russian Academy of Sciences 60th October
Anniv. prospect Ta, 117312 Moscow, Russia

The updated resalts of the search for neutrino mass in the tritium beta-decay on the
Troitsk nu-mass and Neutrino Mainz set-ups are presented. Both groups give an upper
limit for the neutrino mass at 95% m, < 2.06 eV/¢® in Troitsk and m, < 2.2 eV fct
in Mainz. Further improvement is hmited both by statistic and systematic errors. In
order to enter in the cosmologically important sub-electronvolt area the collaboration of
groups from Karlsruhe Forschungszentrum, Mainz, Troitsk et al. proposed a new advanced
project KATRIN. The status of the project is presented.
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