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The	  Idea

• Kinematics	  of	  b-‐decay
• Non-‐zero	  neutrino	  mass	  reduces	  the	  endpoint	  
and	  distorts	  the	  spectrum



The	  Challenge

Only	  10-‐13 of	  
all	  decays	  in	  
last	  1	  eV

High	  activity	  source

Excellent	  energy	  
resolution



Karlsruhe	  Tritium	  Neutrino	  
KATRIN	  Experiment



• Experimental	  site:	  Karlsruhe	  
Institute	  of	  Technology	  (KIT)

• International	  Collaboration	  
(150	  members)

• Design	  sensitivity	  200	  meV
(90%	  CL)	  after	  3	  net-‐years	  

Karlsruhe	  Tritium	  Neutrino	  
KATRIN	  Experiment



KATRIN	  Working	  Principle
• ff

β-‐decay



KATRIN	  Status

Windowless	  gaseous	  
tritium	  source

Differential	  pumping	  
section

Cryogenic	  pumping	  
section

Large	  Air	  Coil	  System

Inner	  electrode	  system
KATRIN	  all,	  J.	  Instrum.,	  11, 2016

Detector	  system



KATRIN’s	  first	  light:	  October	  2016

• The	  first	  electrons	  found	  their	  way	  through	  the	  70-‐m	  long	  setup
• First	  promising	  results,	  e.g.	  alignment	  of	  beamline



KATRIN’s	  first	  run:	  July	  2017	  

• Calibration	  with	  gaseous	  and	  condensed	  krypton	  sources
• Test	  of	  full	  beamline,	  excellent	  energy	  resolution

preliminary

K-‐32	  line	  (17.8	  keV)

Paper	  in	  preparation	  (lead	  by	  M.	  Slezak,	  MPP)



KATRIN’s	  first	  tritium:	  May	  2018

• MPP	  group:	  Getting	  analysis	  tools	  and	  strategy	  ready	  for	  the	  first	  data	  !
• After	  3	  yrs of	  data	  (5	  calendar	  yrs):	  balance	  of	  statistics	  and	  systematics

Elastic	  scattering
B-‐Field	  variations	  

HV	  variations
Column	  density

Unfolding	  energy	  loss
Final-‐state	  spectrum

Statistical
200	  meV (90%	  CL)
350	  meV (5s)
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• MPP	  group:	  Getting	  analysis	  tools	  and	  strategy	  ready	  for	  the	  first	  data	  !
• After	  3	  yrs of	  data	  (5	  calendar	  yrs):	  balance	  of	  statistics	  and	  systematics

Elastic	  scattering
B-‐Field	  variations	  

HV	  variations
Column	  density

Unfolding	  energy	  loss
Final-‐state	  spectrum

Statistical
200	  meV (90%	  CL)
350	  meV (5s)

Wath KATRIN	  on	  May	  11



New	  Project:	  TRISTAN

TRISTAN:	  
Tritium	  Beta	  Decay to Search	  for Sterile	  Neutrinos

TRISTAN	  meeting	  November	  2	  – 3,	  2017
~30	  participants

KIT,	  Politecnico and	  Bicocca	  Milano,	  Oak	  Ridge,	  CEA
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Kink-‐like	  
distortion

KATRIN:
Neutrino	  mass

TRISTAN:
Sterile	  neutrinos,
…	  and	  other	  new	  
physics

W.	  Rodejohann,	  Phys.Lett.B 737,	  81	  (2014)
Barry,	  J.	  et	  al	  High	  Energ.	  Phys.	  (2014)	  2014:	  81

Ludl,	  P.O.	  et	  al	  High	  Energ.	  Phys.	  (2016)	  2016:	  40
S.M.	  et.	  al.	  Phys.Rev.	  D91	  (2015)	  4,	  042005

S.M.	  et	  al.	  JCAP	  1502	  (2015)	  02,	  020
R.	  Adhikari et	  al.	  JCAP	  1701	  (2017)	  01,	  025



Active	  neutrinos



Sterile	  neutrinos

𝜈"

𝜈#



Sterile	  Neutrinos

Heavy	  sterile	  neutrinos	  (>	  GeV)
• Lightness	  of	  neutrinos	  
+	  Matter/Anti-‐matter	  asymmetry

Light	  sterile	  neutrinos	  (~1	  eV)
• Short-‐baseline	  neutrino	  oscillation	  anomalies

KeV-‐scale	  sterile	  neutrinos (~	  1	  -‐ 50	  keV)
• Dark	  matter	  candidate

20



Sterile	  Neutrinos

Heavy	  sterile	  neutrinos	  (>	  GeV)
• Lightness	  of	  neutrinos	  
+	  Matter/Anti-‐matter	  asymmetry

Light	  sterile	  neutrinos	  (~1	  eV)
• Short-‐baseline	  neutrino	  oscillation	  anomalies

KeV-‐scale	  sterile	  neutrinos (~	  1	  -‐ 50	  keV)
• Dark	  matter	  candidate
ØGoal	  of	  TRISTAN

21
(JCAP	  2017,	  10.1088/1475-‐7516/2017/01/025)



Imprint	  of sterile	  n‘s on	  ß-‐spectrum
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Imprint	  of sterile	  n‘s on	  ß-‐spectrum
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Characteristic
kink-‐like signature

and spectral
distortion

Mass of the
sterile	  neutrino

Active-‐to-‐sterile	  
mixing amplitude

New	  mass
eigenstate
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The	  Challenge	  (1)

Mass of the
sterile	  neutrino

Active-‐to-‐sterile	  
mixing amplitude

𝑑Γ
𝑑𝐸 = cos2 𝜃

𝑑Γ
𝑑𝐸 (𝑚/) + sin2 𝜃

𝑑Γ
𝑑𝐸 (𝑚")

KATRIN	  tritium	  source,	  3	  years

Strong	  astrophysical limits:
sin4𝜃 < 1089



E(eV)

Signature	  of	  
neutrino	  mass
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The	  Challenge	  (2)

E(keV)

Signature	  of	  
sterile	  neutrino
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TRISTAN	  Project
Not	  to	  scale

Lab	  limits
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K.	  Dolde,	  S.M.,	  D.	  Radford	  et.	  al.	  NIM-‐A	  848	  (2017)

• Multi-‐pixel	  Silicon	  Drift	  Detector	  (SDD)	  System	  for	  KATRIN
• FWHM	  ~	  200	  eV	  @	  keV energies	  @	  high	  rates	  
+	  thin	  entrance	  window



First	  Prototypes

• 7-‐pixel	  prototype	  produced	  by	  Halbleiterlabor
of	  the	  Max	  Planck	  Society	  (HLL)
ØSilicon	  Drift	  Detector	  Design	  (SDD)
ØCombined	  with	  thin	  deadlayer
ØTest	  different	  sizes,	  ring	  numbers

Not	  to	  scale

Prototype	  
detector



First	  Prototypes

• 7-‐pixel	  prototype	  produced	  by	  Halbleiterlabor
of	  the	  Max	  Planck	  Society	  (HLL)
ØSilicon	  Drift	  Detector	  Design	  (SDD)
ØCombined	  with	  thin	  deadlayer
ØTest	  different	  sizes,	  ring	  numbers

• Three	  running	  systems:
ØCEA,	  Saclay (IDEFIX	  ASIC)
ØXGLab,	  Milano	  (CUBE	  ASIC)
ØKIT,	  Karlsruhe	  (KIT	  ASIC)

HLL	  
detector

CEA	  ASIC

HLL	  
detector

HLL	  
Detector	  

KIT	  ASIC

CUBE	  ASIC



General	  performance	  (XGLab system,	  X-‐ray	  sources)

Fe-‐55	  line
139	  eV	  (FWHM)	  
@	  5.9	  keV

Low	  noise	  at	  high	  rates
FWHM	  @	  500	  ns:	  150	  eV

20	  Co

-‐ 30	  Co

2mm

1mm

Homogenous	  behavior	  
of	  all	  pixels

Different	  pixels

Excellent	  
energy	  
resolution

Paper	  in	  preparation	  (lead	  by	  Tobias	  Bode,	  MPP)



Characterization	  with	  electrons

• Electron	  microscope • Evaporated	  Kr	  source
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• Electron	  microscope • Evaporated	  Kr	  source

Conv.	  El.

Conv.	  El.
X-‐ray

X-‐rayGamma

Auger

Microscope	  at	  different	  voltages
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Conv.	  El.

Conv.	  El.
X-‐ray

X-‐rayGamma

Auger

Microscope	  at	  different	  voltages



Application	  of	  the	  TRISTAN	  detector	  
at	  Troitsk nu-‐mass	  experiment	  
(26.5.	  – 4.6.2017	  and	  20.11.	  – 2.12.2017)

TRISTAN	  in	  TROITSK



Our	  first	  tritium	  spectrum

HV	  @	  13	  kV

Measurement	  time:	  14	  h
Statistics:	  5	  x	  106 electrons

Theory Measurement

Analysis	  ongoing	  (Tim	  Brunst,	  PhD.,	  MPP)



Towards	  the	  final	  system

• Pixel	  design:	  
• SDD	  with	  integrated	  nJFET
• Pixel	  size:	  ~3	  mm	  diameter

• Module	  design:
• 168	  pixels
• Module	  size:	  ~4	  cm	  diameter

• Final	  detector	  design:
• 21	  modules	  → 3500	  pixels
• Detector	  size:	  ~20	  cm	  diameter

Full	  detector

Detector	  module

To	  be	  used	  
at	  Troitsk

To	  be	  used	  at	  
KATRIN	  after	  
nu-‐mass



TRISTAN	  takes	  off…
Other	  applications	  of	  TRISTAN:

• Satellite	  mission	  (CUBE-‐Sat	  project)

• Axion search	  with	  IAXO

• Electronics	  R&D	  for	  LEGEND

• Forward	  beam	  monitor	  for	  KATRIN

New	  idea:

• Project	  “Spargel”:	  detection	  the	  
collective	  cyclotron	  radiation	  of	  
electrons	  in	  KATRIN	  to	  search	  for	  
sterile	  neutrinos



Summary

• Neutrino	  are	  key	  to	  unraveling	  some	  of	  the	  
most	  compelling	  mysteries	  of	  the	  universe

• MPP	  group	  heavily	  involved	  in	  KATRIN	  data	  
taking	  and	  analysis

• MPP	  group	  leads	  the	  TRISTAN	  project
• Very	  encouraging	  first	  results	  with	  
prototype	  detector

• First	  tritium	  data	  taken	  at	  Troitsk



Thanks  for  your  attention


