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Concept ofv-factories and3-beams

Appearance channels
Parameter correlations
Degeneracies

Performance indicators
Sensitivity tosin® 263
Sensitivity to maximal CP violation
Sensitivity to the sign ofAms3;

Silver channel and platinum channel at-actory
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v-factories and (-beams

@ Concept of a/-factory: neutrino beam from decaying muons

Source Oscillation Detection

CcC = 2
<: Vi CC H O3, |AM3, |
Ve e—t e_

99% -
/K ——= — cC ¥
Ve ——— e
= CcC +
V:u ———— M 913’ 6CP

@ Concept of ﬁ-beamineutrino beam from beta decaying isotopes

18Ne =18 F et + Ve
‘He -0 Li+ e~ + 1,

Golden channel for both cases: Ve(ﬂe) — VM(DM)

® no muon CID needed fgs-beams

® (-beam cannot measure leading atmospheric parameters
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Golden channel at-factories andi-beams:

Am21

~ $0.04:

Expanding in the small parameters anda =

31

A

sin?[(1 — A)A]

Pey =~ sin? 6 _
p 23 (1A
AA — A)A
+ « sindcp sin 2012 sin 2023 smAsm( ) sin[(1 )A]
A (1-4)
AA 1—A)A
+ «@ cos0cp sin 2012 sin 26023 cos A sin(AA) sin[(1 — A)A]
A (1—A)
in? (AA
+  a” cos? 2023 sin? 2012 Sm;l—Q)

A L
with A = M3 andA = 2Y2GEneE
4 E, Am31

Cervera et al. 2000; Freund,Huber,Lindner, 2000; Freund, 2001
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Golden appearance channel suffers from:
parameter correlations

degeneracies:
Intrinsic (¢13,0cp) degeneracy Burguet-Castell et al., 2001

Sign-degeneracy Minakata, Nunokawa, 2001

(exactly compensated by p — —do p In vacuum)

f-3-degeneracy Fogli, Lisi, 1996
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Strategiesto resolve degener acies

v-factory ands-beam:
* neutrino and anti-neutrino running: e — 1/, and//, — Du
Pé,a — Pe,u(50P — _5CP>A — _121)

only atv-factory:

e add magic baseline (2nd detector)
L ~ 8000 km — sin(AA) = 0
e add silver channel: 1. — 1/,
B = PW(S%3 — 033, sin 2603 — — sin 2643)
¢ add platinum channel: 7, — 1/,

P,ue — Pe,u((SCP e _5CP)
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All results have been calculated using the software
P. Huber, M. Lindner, W. Winter, Comput. Phys. Commun., 18J06) 195

Sensitivity limit tosin® 26;3:
Largest fit value ofin? 26013 which fits an assumed true valsi}m? 2613 = 0 at the

chosen confidence level (systematics, correlations, agelnggacies included).

Sensitivity to maximal CP violation:
Smallest true value afin? 2603 for which the CP conserving fit valués: » = 0 and
dcp = w can be excluded at the chosen confidence level, ifffue = /2 or

dop = 3m/2is assumed (systematics, correlations, and degeneracladed).

Sensitivity to the sign ofAms3;:
Smallest true value afin? 2613 for which the degenerate solution wiAilnm%1 < 0 does
not appear at the chosen confidence level if tthue2, > 0 is assumed (systematics and

correlations included).
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e.g. sensitivity limit tosin® 26,3
calculated with the hypothesis of trem? 2613 = 0

Here: golden channel atfactory withEmax = 50 GeV (only fitted with Am2, > 0)
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Fit value of sin®26;3

The sensitivity tasin? 26, 3 suffers from the intrinsicdc p,sin? 264 3)-degeneracy
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at v-factories andi-beams:

10°®

Setup 1:3-beam
~ = 200, L = 520 km, WC (500 kt)

- Systematics ‘ Setup 1, [=2.6y

Correlations I Setup Zﬁ'beam
| St 13, ~v = 500, L = 650 km, TASD (50 kt)

| Setup 3;6-beam

| Setup 3, =1.3y

I ~ = 1000, L = 1300 km, TASD (50 kt)

T2HK*: T2K upgrade (superbeam)
L = 295 km, WC (500 kt)

NF@3000kmuwy-factory (golden channel)
; . ; - 3 Emax = 50 GeV, L = 3000 km, MID (50 kt)
107 10 10 10 10

St 2613 Sensiiviy NF@3000kmw-factory (golden channel)
Emax = 50 GeV, L = 7500 km, MID (50 kt)

. T2HK*
!

NF@3000km

I

NF@7500km

CHOOZ excluded90% CL

Figure taken fron®. Huber, M. Lindner, MR, and W. Winter, Phys. Rev. D73 (2006) 053002
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Normal hierarchy Inverted hierarchy
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Figure taken fron®. Huber, M. Lindner, MR, and W. Winter, Phys. Rev. D73 (2006) 053002
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Sensitivity to normal hierarch¢Bo) Sensitivity to inverted hierarchido)
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Figure taken fron®. Huber, M. Lindner, MR, and W. Winter, Phys. Rev. D73 (2006) 053002
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v-factory:
golden channel combined with silver channel and platinuamalel

Assumptions:

silver channel follows D. Autiero et al., Eur. Phys. J. C33 (2004) 243
additional ECC detector (OPERA-like)
fiducial mass 10 kt (optimistic)
only T -stored phase (neutrinos)
Lecc = Lumip (matter density uncertainty correlated)

platinum channel follows M. Diwan et al., NuMI-L-714 (2001)
measured at golden detector
matter density uncertainty correlated
1% additional background from charge identification

v-physics beyond 913 at v-factories and (3-beams - M. Rolinec - 2nd Scandinavian NeutrinO Workshop, Stockholm, May 2-6 2006 — p.12/17



v-factory: sensitivity tein® 2613 Eumax = 50GeV
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sin®26,5 sensitivity limit
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P. Huber, M. Lindner, MR, and W. Winter, to appear
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v-factory: sensitivity to maximal CP violation
Emax = 50GeV

=
o
b
=
Q
N

(%] o
-~ -
) <
~ N
N N
£ c
[2] [0}
[t s
) 5]
) ]
= =
] [
> >
) ]
S =}
E =]

Golden only Golden only
Golden + Platinum Golden + Platinum

Golden + Silver Golden + Silver
Lecc = Lmip Lecc = Lwip

GLOBES 2006 All three channels GLOBES 2006 All three channels

4000 6000 4000 6000
Lmip [km] Lmip [km]

P. Huber, M. Lindner, MR, and W. Winter, to appear
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Additional channd information - IV

v-factory: sensitivity to the sign akms3,

Emax = 50GeV
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#-beams could compete wiikfactories in measurements
of sin” 20,3 anddp (especially for largesin® 26,53)

no measurement of leading atmospheric parameters at
G-beams

v-factories outperforn@-beams in the determination of
neutrino mass hierarchy

v-factories suffer from degeneracies
(especially for truégcp ~ 37/2)

additional silver channel and platinum channel
iInformation could help to resolve the degeneracies
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Gold (50 GeV/4000km fixed) + Silver 50 Gold (50 GeV/4000km fixed) + Silver

sin?26,5 sensitivity (50) correlated: 100%

CP sensitivity (3 A
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