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W H Y D O SO LA R N EU T R IN O EX P ER IM EN T S B ELO W

1 M EV ?a

J.N.BAHCALL

Institute for Advanced Study,Princeton,NJ 08540,USA

E-m ail:jnb@ sns.ias.edu

Idiscusswhy we need solarneutrino experim ents below 1 M eV .Ialso expressm y

prejudices about the desired num ber and types ofsuch experim ents,em phasizing

the im portance ofp-p solarneutrino experim ents.

The great challenge ofsolar neutrino research is to m ake accurate m ea-

surem ents ofneutrinos with energies less than 1 M eV.W e need to develop

experim ents thatwillm easure the the total ux,the  avorcontent,and the

tim edependenceofthe7Beneutrinos(energy of0:86M eV),and thetotal ux,

 avorcontent,energy spectrum ,and tim e dependence ofthefundam entalp-p

neutrinos(< 0:43 M eV).

M ore than 98% ofthe calculated standard m odelsolarneutrino  ux lies

below 1 M eV.The rare 8B neutrino  ux isthe only solarneutrino source for

which m easurem entsoftheenergyhavebeen m ade,but8B neutrinosconstitute

a fraction oflessthan 10� 4 ofthe totalsolarneutrino  ux.

The p-p neutrinosare overwhelm ingly the m ostabundantsource ofsolar

neutrinos,carryingabout91% ofthetotal ux accordingto thestandard solar

m odel. The 7Be neutrinos constitute about 7% ofthe totalstandard m odel

 ux.

Iwant to express � rst m y own views about what we should and should

notem phasize in developing new experim entsand then say a little bitabout

speci� c experim ents.

Each ofthem easurablequantitiesforlow energy solarneutrinosisim por-

tantand can be used to constrain m odelsofthe neutrino and ofthe sun. In

m y view,too m uch em phasishasbeen placed in the paston trying to devise

experim entsthatcan doeverything.Ithink weshould behappyifalow energy

solarneutrino experim entcan m easure any ofthe desired physicalquantities

accurately.Forexam ple,an experim entthatissensitive to tim e dependences

need notnecessarily m easure a  ux accurately. Ifan experim entm easuresa

charged currentrate,itdoesnotneed to providedetailed spectralinform ation.

W e haveto learn how to crawlbefore wetry to run.

aTo be published in the proceedings of the SEcond International W orkshop on Low En-

ergy Solar N eutrinos,U niversity ofTokyo,Tokyo,Japan,D ecem ber 4 and 5,2000 (W orld

Scienti�c).
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W e should aim atultim ately developing experim entswith high statistical

signi� cancein ordertore� nethetestsofsolarm odelsand neutrinooscillations.

But,the � rstexperim entsdo nothaveto havehigh counting rates,especially

ifthey arem odularand can dem onstrateproof-of-principle.

Theinteraction crosssectionsm ustbeknown accurately,to a 1� accuracy

of� � 5% orbetter,ifweareto havea m easurem entthatisgood to � 10% .I
think a 1� m easurem entofthetotalrate,for7Beand forp-p neutrinos,thatis

atleastasaccurateas� 10% isnecessaryin ordertom akerealprogress.There

isnoreason tobelievethatwecan relyon (p,n)m easurem entsornuclearm odel

calculations to provide a determ ination ofthe absolute cross section to this

accuracy.Instead,we m usteitherm ake use ofthe related beta-decay process

when available or carry out precise m easurem ents with intense radioactive

sources.

Solarneutrino experim entsarealldi� cultand alltakea very long tim eto

carry out.Itistem pting to say thata given partofparam eterspaceiscovered

by a particular experim ent and so we m ust design an experim ent that tests

an entirely di� erentpartofparam eterspace.Ithink thistype ofreasoning is

dangerous,because the history ofscience showsthatexperim entalresultsare

m isinterpreted orarem isleading m uch m oreoften than onewould expectfrom

the quoted errors. M oreover,the claim thattwo di� erentexperim entaltech-

niquesm easure the sam e quantity often restsupon a theoreticalassum ption,

a theoreticalm odelthatitselfrequirestesting.

W em usthaveredundancy.W em usthavedi� erentwaysofm easuring the

sam equantities.Theim plicationsoftheexperim entalresults,forphysicsand

forastronom y,aretoo im portantto depend upon singleexperim ents.

A num berofprom ising possibilitieswere discussed atthe LowNu2 work-

shop. These include the BO REXINO observatory,which can detect � � e

scattering and is so far the only approved solar neutrino experim ent that is

both being builtatfullscaleand thatcan m easureneutrino energieslessthan

1 M eV.O ther very prom ising experim entsthat were described atthis work-

shop include CLEAN,G ENIUS,HERO N,K am LAND,LENS,M O O N,and

XM ASS.After the workshop,Raju Raghavan1 succeeded in dem onstrating

thatonecan build a stableIn liquid scintillatorthatcould potentially beused

fora very low threshold p� p solarneutrino detector(ifonecan overcom eby

coincidence and m odulartechniquesthe unfavorableraw signalto noise ratio

of10� 11).

W ewanttotestand tounderstand neutrinooscillationswith high precision

using solarneutrino sources.

M agicthingscan bedonewith neutrinolines2,likethe0:86 M eV
7
Beline.

To m akethe m agicwork,onehasto m easurethe neutrino-electron scattering
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rate (aswillbe done forthe 7Be line with the BO REXINO experim ent),and

also the CC (neutrino-absorption) rate with the sam e line (no approved ex-

perim ent).Assum ing there are no sterile neutrinos,one can then use the two

m easurem ents to determ ine uniquely the survivalprobability at a particular

energy and the totalneutrino  ux. O ne can test for the existence ofsterile

neutrinosby m easuring2 theneutrino-electron scatteringrateand theCC rate

forboth the0:86M eV and the0:34M eV 7Beneutrinolines,butthisisatough

job.

Thetim edependences,seasonaland day-night,oftheobserved eventrates

ofthe7Beneutrinolineswillbevaluablediagnostictestsofneutrinooscillation

scenarios.

Ibelievethatwehavecalculated the ux ofp-p neutrinosproduced in the

sun to an accuracy of� 1% .Thisbeliefshould be tested experim entally.Un-

fortunately,wedo notyethavea directm easurem entofthis ux.Thegallium

experim ents,which haveplayed an enorm ously im portantrolein understand-

ing whatishappening to solarneutrinos,neverthelessonly tellusthe rate of

captureofallneutrinoswith energiesabove0:23 M eV.

The m ost urgent need for solar neutrino research is to develop practical

experim entsto m easuredirectly thep-p neutrino  ux,hopefully both charged

current and neutrino-electron scattering,the energy spectrum ,and the tim e

dependences.An experim ent,ora com bination ofdi� erentexperim ents,that

m easures the total ux ofp-p neutrinos can be used to test the precise and

fundam entalstandard solarm odelprediction ofthe p-p neutrino  ux.

Figure1showsthecalculated neutrinosurvivalprobabilityasafunction of

energy forthreeglobalbest-� tM SW oscillation solutions.You can seedirectly

from this � gure why we need accurate m easurem ents for the p-p and 7Be

neutrinos.Thecurrentlyfavoredsolutionsexhibittheirm ostcharacteristicand

stronglyenergydependentfeaturesbelow 1M eV.Naturally,allofthesolutions

givesim ilarpredictionsin theenergy region,� 7M eV,wheretheK am iokande,

Super-K am iokande,and SNO data arebest.The survivalprobability showsa

strong change with energy below 1 M eV forallthe solutions,whereasin the

region above5 M eV (accessibleto Super-K am iokandeand to SNO )theenergy

dependence ofthe survivalprobability isatbestm odest.

M easurem entsofboth theCC and theneutrino-electron scattering rateof

eitherthe 7Be orthe p-p neutrinoswillbe extrem ely im portant. W hen com -

bined,they can determ ine the totalneutrino  ux and thereforeallow a direct

com parison with solarm odelpredictions.Thesam ethingcould beachieved by

a neutralcurrentm easurem ent,although thatm ay bem oredi� cultto obtain

in practice.

In them oredistantfuture,wewillwanttom easuretheaverageenergyand
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Figure 1:SurvivalprobabilitiesforM SW solutions.The �gure presentsthe yearly-averaged

survivalprobabilitiesforan electron neutrino thatiscreated in thesun to rem ain an electron

neutrino upon arrivalat the Super-K am iokande detector.

shape ofthe 7Be neutrino line with a precision better than 0:3 keV in order

to obtain a directdeterm ination ofthe centraltem perature ofthe sun. The

standard solar m odelpredicts that the average energy ofthe 7Be neutrinos

em itted from the sun exceedsby 1:3 keV the laboratory energy ofthe(higher

energy)7Beline.Thisenergyshiftisduetothehigh tem peratureoftheplasm a

in the region in which the 7Beline isproduced.

Thep-pneutrinosarethegoldringofsolarneutrinophysicsand astronom y.

Their m easurem ent willconstitute a sim ultaneous and criticaltest ofstellar

evolution theory and ofneutrino oscillation solutions.

No m atter what we learn from experim ents at higher neutrino energies,

from the wonderfulexperim ents ofSNO and SuperK am iokande,we willstill

desperately wantto m easure the p-p neutrinos. The p-p neutrinosare a fun-

dam entalproductofthe solarenergy generation processwho  ux isprecisely

predicted but not yet m easured separately. The p-p neutrinos represent the

dom inant m ode ofneutrino em ission from the sun, with a  ux that is 104

tim eslargerthan the  ux oftherare8B neutrinosm easured by SNO and Su-
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perK am iokande. Therefore,m easurem ents ofthe p-p neutrinos willseverely

testtheoreticalideasregarding both the interiorofthe sun and the nature of

neturinos that are inferred from m easurem ents ofthe less abundant,higher

energy neutrinos.
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