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Leptonic mixing

L, = %Uéi(912,923,913; 0) (laz Y Vit W + h.c.) + Liass(mu,; my,)
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Leptonic mixing
L, = %Uziwm,@%, 013;0) (laz ¥ Vit W + h.c.) 4+ Liass(my,; my,)

What we know:

2
012, Ami,

023, |Am3s|

Uncertainties
~0(10%), though...
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Leptonic mixing

L, =-2Lu: (012,023,013 0) (lar Y Vit W, + h.c.) + Liass(mu,; my,,)

VoA
What we know: Shopping list:
012, Am3, 6(153
O, Bz sign(Ams3;)
Uncertainties 0023 =|023 — % |

~0(10%), though... Physics BSM??
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Future proposed facilities

e The Neutrino Factory:

} FFAGIsyncﬂgE’a option Linac option
M_I_ % e_l_ —|— V —|— Ve Proton Drlver (' } \\I 6
l’l’ Cd/ .f‘1 Neutrino Bam
. —
e o ',X'@‘-

E,LL — 25 GGV B
9 Rota
E, € [1.5, 25| GeV : -
> 5 years/polarity DN

> 5-10*° useful muons/baseline |wwmosan T oo
per year . S

> 2 baselines: 4000, 7500 Km
> 50 Kton MIND detectors
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Future proposed facilities

EURISOL

® The B-Beam: . Existing at CERN /_\
: N DECAY
Proton RING
N(A,Z) - NA,Z+1)+e +v, ' driver
N(A’ Z) — N(A7 Z — 1) + et + Ve EISO] target : B=5T
| L=6880 m

> <E>~ vEj . PSB X | \_/

5 Non—peak - Nﬁ (Anmz )2 ~

events

P. Zucchelli, hep-ph/0107006
> 6He/18Ne : v = 100 = Lgrst-peax = 130 Km

(CERN-Fréjus)
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Future proposed facilities

* The 3-Beam: N

DECAY
RING
NAZ) > NA, Z+1)+e + e
B I B . / )
N(A,Z) = N(4,Z - 1)+ e + 7 The storage ring \ o

has never
been optimized...

> <BE>~ ~vEq \/

5 Non—peak x NB (Amz )2 %

events oIn—1 Eo

> “He/'®Ne: v =100 = Lfirst-peax = 130 Km
(CERN-Fréjus)
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The high-y B-Beam

CP discovery reach

6 18
.He_/ Ne } = B, €0, 2.5 GeV (1d.o.f 30 C.L.)
SPS+:7 = 100 — 350 y CLOBES 10
Lﬁrst_peak ~ 600 — 700 Km i He/Ne
- high—y S-Bes
(CERN-Canfranc) » R
______ =i
1 Mton WC detector o o
(500 Kton fiducial) T
_90
10"%total ion decays/year R PR
~3-10" useful _ e T e T
(~3 ) s 1073 1072 107!

sin” 20,3
J. Burguet Castell et al, hep-ph/0312068
J. Burguet Castell et al, hep-ph/0503021

Pilar Coloma
Optimization of the Two-Baseline 3-Beam



O |

The high-y B-Beam

CP discovery reach

6 18
. .He/ Ne } = B, €0, 2.5] GeV (1d.o.f 30 C.L.)
SPS+:v = 100 — 350 . GLOBES 1.0
° Lﬁrst_peak ~ 600 — 700 Km o He/Ne
- high—y p-Bez
(CERN—CanfranC) » b IDyS/_N]?:mm
______ —__
* 1 Mton WC detector ° e
(500 Kton fiducial) s
-90¢
* 10"“total ion decays/year R B
(~3-10*® useful) 180 e
1 10 107!

sin’ 2013
J. Burguet Castell et al, hep-ph/0312068
J. Burguet Castell et al, hep-ph/0503021
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The high-y B-Beam

013 discovery reach

§) 18
b -He—/1 Ne } ~ B, €0, 2.5 GeV (1d.0.f 30 C.L.)
+:v =100 — 350 . | GLOBES 3.0
° Lﬁrst_peak ~ 600 — 700 Km o He,fNe
(CERN-Canfranc) 0 Bl =y
« 1 Mton WC detector © 9
(500 Kton fiducial)
_90
* 10"“total ion decays/year
(~3-10" useful) 1805 o VPO
10°° 1073 102 107!

sin” 20,3
J. Burguet Castell et al, hep-ph/0312068
J. Burguet Castell et al, hep-ph/0503021
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The high-y B-Beam

sgn(Am?2,) reach

§) 18
. | He_/ Ne } - E;/ c [O, 25] GeV in sin2 2013 (30')
SPS+:v = 100 — 350 CLOBES 3.0
180 7
o Lerst-peak ~ 600 — 700 Km  He/Ne \/’
: hish—y 5-Bes
(CERN-Canfranc) il . 11[)’5/_ N[f:em %
« 1 Mton WC detector © 0 \)
(500 Kton fiducial) P
_90! a
* 10"total ion decays/year .
(~3-10" useful) oIy 180\ (NH) j' S
107 107 1073 1074 107!
2 Major drawback: poor sin” 263

o o o . J. Burguet Castell et al, hep-ph/0312068
sensitivity to mass hierarchy J. Burguet Castell et al, hep-ph/0503021
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How can we

improve this?
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Matter effects at the magic baseline

0.50 | 1.=1000 km - + L=4000 km
[ — ]
m [H 1
=
Q_‘ﬂ 0.25 F
.‘/-_
U OD '4m‘l.‘-—---------_______.._________ & e P T O e e

0.5 + L=7500 km L=10000 km

= i
Q_;u Q.25

I |
0 hi‘AA T s e TN 4...\ s,
1 3

5 7 9 131 1 3 5 7 9 11

Energy (GeV) Energy (GeV)

S.K. Agarwalla, S. Choubey and A. Raychaudhuri, hep-ph/0610333
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Matter effects at the magic baseline

0.50 F1.-1000 km + L=4000 km

0.5 L 1=7500 Eni T 1210000 km

Matter resonance
~ 7500 Km!

Energy (GeV) Energy (GeV)

S.K. Agarwalla, S. Choubey and A. Raychaudhuri, hep-ph/0610333
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Matter effects at the magic baseline

°He/'®*Ne : v = 100 — 350

He;
1 1=350

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L . ., L ’ 1 . 1 " L " L f . 2 L . . N 1 t E lGE‘U’T‘J

<F,>~1.5GeV
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Matter effects at the magic baseline

Element | Ey(MeV)
6 18 3T 3 /8
He/"°*Ne — °Li/°B > 5 13.00
| 8Ne 3.41
'\ He; v| PLi 12.96
He- i Li; | Resonance
Y=100 i V=35Q_----_-_M;‘

P
‘F
-
-

Li1; L

| i ‘.‘““‘o.‘_
_ " s 1 L | L 1 : L L L 1 |.~~‘ﬂ 1 i E (Ge‘r]
Y=100 o * 2 4 T 6 8 10

<F,>~1.5GeV <FE, >~ 5GeV
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The Two-Baseline f-Beam: old proposals

P. Coloma, A. Donini, E. Fernandez-
Martinez and J. Lopez-Pavon,

arXiv: 0712.0796

* L1/B at 2000 Km:
v=350
50 Kton-MIND detector

* L1/B at 7000 Km:
v=350
50 Kton-MIND detector
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The Two-Baseline f-Beam: old proposals

P. Coloma, A. Donini, E. Fernandez- S. Agarwalla, S. Choubey and A.

Martinez and J. Lopez-Pavon, Raychaudhuri,
arXiv: 0712.0796 arXiv: 0804.3007
* L1/B at 2000 Km: e He/Ne at 730 Km:
v=350 250 <y<650
50 Kton-MIND detector 50 Kton-TASD detector
* L1/B at 7000 Km: e L1/B at 7150 Km:
v=350 Y= 650
50 Kton-MIND detector 50 Kton-ICAL detector
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The Two-Baseline f-Beam: old proposals

P. Coloma, A. Donini, E. Fernandez- S. Agarwalla, S. Choubey and A.

Martinez and J. Lopez-Pavon, Raychaudhuri,
arXiv: 0712.0796 arXiv: 0804.3007
* [L1/B at 2000 Km: e He/Ne at 730 Km:
v=350 250 <y<650
50 Kton-MIND detector 50 Kton-TASD detector
* [L1/B at 7000 Km: e [Li/B at 7150 Km:
v=350 Y= 650
50 Kton-MIND detector 50 Kton-ICAL detector
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The storage ring for He/Ne:
the Long Ring

N

He/Ne
Y =100

Ls = 2500 m
L =6884m
[ =0.36

-~ R =300

N
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The storage ring for He/Ne:

the Long Ring

He/Ne
Y =100 Y =350
L =2500m L, =2500m
L =6884m i/ L =8974m
l =0.36 [ =0.28
B=5T

NP
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The storage ring: is it feasible?

Fréjus
130 Km
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.. Canfranc
650 Km
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Canfranc
650 Km

AINO
7152 Km
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The storage ring: is it feasible?

d=32m
[ I """""""""""" o Fréjus
130 Km
d=197Tm 7
1 .. Canfranc
650 K
d = 2132m "
Notice that
for the NF "AINO
d is much smaller 7152 Km
(d= 423 m)
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The storage ring for Li/B

e Due to a different A/Z, we can reach /—\
higher boost factors for Li/B in the LR:

Li/B
Tl = 390/656 173907050
Long Ring L =2500m
L =8974m
[ =0.28

B=83T
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The storage ring for Li/B

e Due to a different A/Z, we can reach /—\
higher boost factors for Li/B in the LR:

Li/B
VLi/B — 390/656 173907656
Long Ring
. . . Ls:2500n1
e With only a 10% increase in v, the L =8974m
statistics increase a 50% ! rg — 0.28

N (390) = NL%(350) x 1.5

B=83T
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The storage ring for Li/B: the Short
Ring

e Due to a different A/Z, we can reach
higher boost factors for Li/B in the LR:

Li/B

VLi/B — 390/656 173907656
Long Ring
. . . Ls =008 m
e With only a 10% increase in v, the L =5970 m
statistics increase a 50% ! 1 =0 17

N (390) = NL%(350) x 1.5 .
.~ R~633m

 We can use this to reduce the ring size:
Ls=998m

[=0.6 X028~ 0.17 =
d= 1282m
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Our proposal

He/Ne @ WC Li/B @ MIND
. EO~ 3 MeV; . EO~ 13 MeV;
* Y= 350; * v=350-(A/Z);
* 500 Kton fiducial mass; * 50 Kton;
* 650 Km (first osc.peak); * 7000 Km (matter resonance);
e 2.5 years/ion; e 2.5 years/ion;

10" total —>1.7-10"° useful decays/ year;

E, €[1.0,18.55] GeV;

¢ 10" total —>3-10"° useful decays/year;

* 6 energy bins with AE = 0.25 GeV ;
last bin with AF = 0.5 GeV ;

E, €10.5,2.5] GeV; « MIND-efficiencies optimized for the IDS-NF;
* Migration matrices from * Energy smearing: 0.55./F,

hep-ph/0503021; « Uncorrelated systematic errors: 2.5% and 5%.

« Uncorrelated systematic errors: 2.5%
and 5%.



Our proposal

He/Ne @ WC
EO~ 3 MeV;

Y = 350;

500 Kton fiducial mass;

650 Km (first osc.peak);

2.5 years/ion;

10" total =>3-10"° useful decays/year;

6 energy bins with AE = 0.25 GeV ;
last bin with AE = 0.5 GeV ;
E, €10.5,2.5] GeV;

Migration matrices from
hep-ph/0503021;

Uncorrelated systematic errors: 2.5%
and 5%.

Li/B @ MIND
EO~ 13 MeV;,

Y =350 (A/Z);

50 Kton;

7000 Km (matter resonance);

2.5 years/ion;

10" total =>1.7-10"° useful decays/ year;
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Energy smearing: 0,55\/E_,/

Uncorrelated systematic errors: 2.5% and 5%.
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180 —
90 ——~ He/Ne WC
. T e T B/Li iron
"
e g
e
L Ot
e
/.--"“ i) '
_90! P p] === 4 ions iron/TASD
‘e Our proposal
SoNL T,
GLoBES 3.0
— 180
10 10 10 10 10
: -
CP discovery reach sin” 26,3 b oo
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Comparative sensitivity reach

180 /P
/ —_— 2/Ne WC
{/ He/Ne WC
90} \ A T B/Liiron
\\ \
\ ----= 4 jons iron/TASD
= Ot
e Our proposal
¥,
4
—90! (
\
N
180 GLoBES 3.0 "
~ 1070 10~ 1073 107 107
013 discovery reach sin® 2013

(1d.o.f 30 C.L.)
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Comparative sensitivity reach

180 ] 7
;. ,//
—— He/Ne WC (,/
U - B/Liiron % | \
v e
. ,
---- 4 jons iron/TASD 4 | W
S Ot 1 ‘\ N
— Our proposal ! }
i /
; | :
— 90! ! ] P o
& )
N
180 GLoBES 3.0 h /l
1070 10~ 1073 10+ 107!
Sgn(Amg,l) reach Siﬂz 2813 Pilar Coloma

in Sin2 2(9 13 (30’ ) fOI' NH Optimization of the Two-Baseline B-Beam
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Comparison with the Neutrino Factory

1.

o o o
M N @]

cp fraction

&
o

0

10° 10

CP discovery reach
(1d.o.f 30 C.L.)

1.
GLoBES 3.0
777 s
10.6
He/Ne WC
10.4
Our proposal
10.2
IDS-NF
()
107"
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Comparison with the Neutrino Factory

il : 1.
/ GLoBES 3.0
0.8¢ 10.8
g 0.6 10.6
S He/Ne WG
2 0.4 0.4
&
Our proposal
0.2} 10.2
,- IDS-NF
10~ 10~ 10~° 107"

013 discovery reach
(1d.o.f 30 C.L.)
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Comparison with the Neutrino Factory

; - - | I
; |
: /
/
0.8} ," 10.8
/
/
I
_g 0.6} :’ 10.6
E i——— He/Ne WC !f
0.0.4 / 10.4
& [ /
! = Qur proposal J
0.2} Pg 10.2
' /
P IDS-NF r’f GLOBES 3.0
0— T s Bamma )
10 10 10 10 10
Sgn(Amgl) reach 81112 2913 Pilar Coloma

in sin” 26,3 (30) for NH
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Conclusions

* We believe that the 3-Beam we propose here represents
an optimal setup:

e It has the advantages of the high-y He/Ne 3-Beam, but
solving the degeneracies that affected this setup for

sin®(26013) ~ 102
e [t uses the magic baseline to achieve good sensitivity to
the mass hierarchy
e We have addressed the issue of the storage ring for a
B-Beam aimed at the magic baseline, proposing a
realistic setup
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Conclusions

* (3-Beams still cannot compete with the NF for
extremely small values of 0., but our proposal is

better optimized for regions with sin®(26;3) > 10~°

e The sensitivity is unaffected by the poor efficiencies for
the lower energy bins

e However, we still are limited...

e By the number of ions that can be produced: all the
setups presented here are strongly limited by statistics

e A study of the MIND detector performance when
exposed to a B-Beam is lacking

Pilar Coloma
Optimization of the Two-Baseline 3-Beam



