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Neutrinos
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Weak Interactions are weak:




Golden Era of Neutrinos (Selection of Milestones)

2000 DONUT discovers v

2001 SNO resolves solar neutrino problem

2003 SuperKamiokande discovers atmospheric neutrino oscillations
2004 KamLAND discovers reactor neutrino oscillations

2005 KamLAND measures geoneutrinos

2010 BOREXINO measures geoneutrinos

Towards CP-violation in lepton sector:
Daya Bay reports non-zero 613

2012




Geoneutrinos In One Slide

Geoneutrinos:

Radionuclides in the Earth: Mostly electron antineutrinos
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Inverse Beta Decay

Inverse beta decay (IBD) - Only feasible method of today and
near future for detection of ~MeV electron antineutrinos
Strong in background rejection due to coincidence of prompt

and delayed signal
Coincidence|

I
Prompt signal

Inverse beta decay:| Ue + p —(e™)
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- Delayed signal .— Daya Bay
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From kinematics: IBD has a threshold Ey=1.8 MeV



IBD Backgrounds for Geoneutrinos

Non-neutrino:

Uncorrelated: | Correlated:
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2016 - KamLAND - best precision - 17% uncertainty = W,
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2005 - KamLAND - first to measure geo-v’'s

Only two experiments so far: KamLAND and Borexino -
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. Courtesy of O. Sramek 0 KamLAND - 1 kt

1 TNU (Terrestrial Neutrino Unit) = 1 event detected by IBD per year on 1032 protons



KamLAN

D Experiment

Japan
@ | A Detector design:
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—vent Rate for Signal Energy Window™

oignal window. Background How to tackle
Prompt energy 0.9 - 2.6 MeV=

Antineutrino energy 1.6 - 3.4 MeV AeClieEEl AR o
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*Watanabe (KamLAND Collaboration): tfc.tohoku.ac.jp/event/4131.html



KamLAND Latest Geoneutrino Result (1)*

2016 Preliminary Result

Background How to tackle

Livetime : 3900.9 days
Candidate : 1130 ev

Accidentals Well-known

Cosmogenic background Be deep underground

Background Summary (fast neutrons, °9Li/8He)
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KamLAND Latest Geoneutrino Result (2)*
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Gran Sasso

2200 Thorn BMI 8" PMTs
(1800 with light collectors
400 without light cpllectors)

208 PMTsin water for
External Muon Detector

Steel platesin
concrete for extra
shielding-

10m x 10m x 10cm
4m x 4m x 4cm

-XINO in One Slide

Much better purity of LS than KL

Smaller mass (280 t of LS) compare to KL

Uncertainty ~26%

[events] [TNU] 0 signal
rejection
U+Th | 23. 7+ S(stat)To2(sys) | 43. 5+%éi(5tat) > (sys) 5.90
External water tank 18m ¢
Sainless steel sphere 13.7m ¢
(1320m 3 PC)

Nylon outer vessel 11.0m ¢
Nylon inner vessel 8.5m o
Fdudal volume 6.0m ¢
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The Impact of Geoneutrino Measurements on (Geo)science .

!

Successes

* We measured geoneutrinos!!!

 We observed neutrino flavor changing in geoneutrinos
Call for improvement of the precision

* |Independent measurement of U and Th flux not there yet

e Needed for determination of ratio Rnu

e KamLAND and BOREXINO measurements consistent with uniform flux

e Breakdown to Crust&Mantle contribution unknown
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29.5.1953 - Sir Edmund Hillary and Tenzing Norgay reached as the first
men the top of Mt. Everest >, S

Unprecedented Achievement in 1953

They boldly went where no man has
gone before
Sure it was not easy

They show the way, what can be done
They show the way for they followers
History will always remember them




Unprecedented Achievement in 4953
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They show the way, what can be done
They show the way for they followers
History will always remember them

Foundations of new field:
GEONEUTRINO PHYSICS

2005/2010 4,

BOREXINO measured
ZING-INOrgay) Fea-@il%ﬁas the first

They boldly went where no man has
gone before

Sure it was not easy
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Prediction vs. Measurement
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2005 - KamLAND - first to measure geo-v’'s

2016 - KamLAND - best precision - 17% uncertainty

Prediction uncertainty ~14%

100 KamLAND Borexino
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1 TNU (Terrestrial Neutrino Unit) = 1 event detected by IBD per year on 1032 protons



-lavor Changing in Geoneutrinos

(Geo)neutrinos do oscillate! d¢(7, E) _ ) /
See Wang Yifang talk B

Aw|T— 7% T A,

(P(ve—Ve)=0.544 - |If there are no oscillations -> double flux

Measurement (particle physics) being consistent with prediction
(geophysics) is yet another demonstration of neutrino flavor changing!

Can we even see oscillations? Eventually. ..
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Call for Precise Measurement (1)

Crust&Mantle contributions unknown

Mantle contribution = Heat sources in mantle

Relevant for power of Earth mantle dynamics

See very interesting talk from OndFej Sramek

Proposed Jinping experiment
will resolve these issues
see very interesting talk from Wang Zhe

Current measurements
consistent with uniform flux
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Call for Precise Measurement (2)

Independent fit of Th and U flux: Proper way how to analyse data
Current results not sufficient 4 4

U
* Th flux consistent with zero Rux /7 @Rmx

* Large uncertainty on Rrnu

Th

KamLAND result ., Jinping result (sketch)
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Roadmap to the Future

Geoneutrinos can reveal the contribution of cooling/heat sources to the
drive of Earth dynamics - depends on radionuclides in the mantle

Prediction: =

55

x I x Measurement:
[ Nearfield crust & 4mek et al. (2016) : e
B Far-field crust

' [] Mantle
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Current prediction:
~13% uncertainty |
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. Future prediction: g‘ > . Even single measurement | | Future measurements: |

~7% uncertainty | ‘[ can improve the model | ~5% uncertainty |
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. Combination of predici
and measurements:
Mantle heat production
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Conclusions

Geoneutrinos were measured by KamLAND and BOREXINO
The foundation of the experimental geoneutrino physics has been laid
Geoneutrinos carry information about Earth’s interior

Precise measurements as well as precise predictions needed to
access to this information

The message is positive - we know how to do both
(See talks of other speakers)

f Openly share your
| comprehensive data !
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