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\’b‘ Overview

Neutrinophysik
AG C. Hagner

e vacuum neutrino oscillations — (very) short introduction
e conventional neutrinobeams

e two experiments
— MINOS
— OPERA

e outlook and conclusion

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar




vacuum neutrino
oscillations

(very) short introduction
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‘mL neutrinos
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we know: there are (at least) three different neutrino flavors
“associated” with the corresponding charged lepton flavor

D e
v, © vl
DV T
,2associated” means: look at the leptonic W+ decay

W' = [+ v, (d=e, U, T)

define: v, is that neutrino, that is emitted together with the
positive charged lepton £*
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‘WL neutrinos
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most general case: the (neutrino) flavor eigenstates v, are
not mass eigenstates v,

|Va>:Z Uailvi>

’ |
v of flavor oj { D of definite mass v,

leptonic mixing matrix
(simple case: identity matrix)

extending the standardmodel to include neutrino mass and
leptonic mixing (lepton flavor violation!):
— number of different v, is the same as the number of different [, (=3)

— leptonic mixing matrix U is 3x3 and unitary: UUT = UTU = 1
(what if you asume a 3x3 matrix and measure that it is not unitary...?)
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‘WL neutrino oscillations
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* look at W* decay again: a given charged lepton £* can be
accompanied by any v, (but not by any v_!)

Amp (W =l +v,)=U

ol

U, Propagator UBi*
wW- — — > - W
o
ly (i.e. ) Lie. T)

e to get the propagator, look at v;-rest frame with the proper
time T, Schrodinger equation:
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“ﬂJL neutrino oscillations
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by Lorentz invariance, propagator in lab-frame: |
L: distance from

7777777 generation of vato the

R s detection of v
im; 13 .

—im,-T,-

e ~Ee

E: energy of the
neutrinov,

giving the transition amplitude:
Amp (v,—v,) ZZ U

i

o

and the transition propability:

_ 2__ Xk . > L
P(v,—v,)=|Amp] _5a5—4;m(ua,uajuﬁ,uﬁjsm (A mU4E))

+22,3(U Uz U3 U, sin(Am;—))
with Amij2 = mi2— mj2 i>] 2E
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‘WL neutrino oscillations
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... but thats look not very nice (for an experimentalist)!

ve Uel Ue2 Ue3 Vl
VT U'rl UT2 UT3 \)3

The most common parametrisation of the leptonic mixing matrix
is the one of Pontecorvo, Maki, Nakagawa and Sakata:

o Use 3 Euler-angulars ©_, ©_, ©,, and a CP-violation phase
O (very similar to the quark mixing matrix).

e Furthermore, neutrinos are the only leftover particles of the
SM that can be Majorana particles, that would add two more

complex phases o and «....
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‘WL neutrino oscillations
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Ve Uel Ue2 Ue3 Vl
v, [T Uyl Uuz Uu3 v,
vr U'rl U'r2 UT3 \)3

Majorana phases o

in v-oscillation the
mixing matrix only
appears as UU’

combination, that
phase is hidden...

,2atmospheric* ,cross-mixing* ,solar”
N N

1 0 0 13 @ Ci2 412

U=0 €33 Sy 1712 12
O —S,3 €y 13"’. O ¢ 0 0

CP-violating phase &

with s. = sin®_ only observable if ALL
’ y mixing angles nonzero —
the choice to put it next to

©., is arbitrary, but...

and cij = cos@ij
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‘WL neutrino oscillations
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"'solar'' parameters 6 ""atmospheric'' parameters
= UL IRLARLIL N L L L L L L
world best fit = 1c-error 0 combined : combined
2 = N; 4 _
Am ° 79+0.3(105eV?) 4% 20
2 +0.2 (103 a\/2 P Ll
Am23 2.5_0_25 (1 0~°eV ) 10% > 2_
) +0.02 :|||||||||||||||||||__ _................
sin G)12 0'3-0.03 9% 0 02 0';”290'6 08 7 % 0.|25 0!5 0.|75 1
2 sinze)23
in2 +0.08 2
sin e23 O'5-0.03 16% 10T " 90% CL (2 dof) ]
L GLOBAL ]
- 2 —
sin®®,; < 0.025 (20) : c |
NEE
o Am =~ Am_ >>Am_:approximation by two flavor oscillation K
 CP comes into the game: s _c_s,c, s c, 2sin(6) 10"FcHooz |
(note the crucial role of ©_ — it could hide CP violation if © _ is very small!) 10° 10"

e is @, maximal (45°), smaller or larger?
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‘WL neutrino oscillations
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we can simplify the equations in a first order aproximation (several % error)

with Am_ >> Am_ and ©, very small.
with L in km, E in GeV

1.27(Am3,)L
5 )

v

P(v,—v,)~ 1—sin2(2 923)sin2(

one can control experimentally L and E
one wants to measure: sin?(20) and Am?

this is the same result you get from 2-flavor oscillation:

COSO,; SiNO,,

V,
V3
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‘WL neutrino oscillations

Neutrinophysik
1 ........................... ............................................ _— .
e ]
i related to the |

AG C. Hagner
0.8_ ............ Mass d|fference SISO, VN S IOSRUSUUUTU IO ampll’[ude
related to the
~mixing angle

0.6 T A S LR T
-E = 17GeV : |

A m, = 2.5E-3 eV?, sm2(2®)=

.....................................................................

0.4 Am3,=3.0E-3eV?, sin2(20)=1

H o A mZ, = 25E-3 eV?, sin2(?@)=0.88

' H E
. B i E
“ i i E
H H 1 Ha 1 H
: : “ H I E
e e A RO SR | I DU B R U I 1 Y [ O
- : : . t i |
: : ll - 1
: : ' H 1 |
: : A B i i
: : A & -

0 ] L 1 111 I| ] | 1L 1 1 111 | ]
2 3 4 5
10 10 10 distan c1eu[km]
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\’b‘ Typical strategy in a few words...
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How to measure a ,,survival propability“?
a good L/E value to look for vu-disappearance:

L/E = 250km/GeV

typical neutrino-nucleus cross-section for GeV neutrinos:
o~ 1038 cm?

number of nucleons per kiloton target material:
N =~ 1032 nucleons/kton

expected event rate in a detector:

rate = ®x o x N
target

1event/(kton x 10° v) - at a distance of several hundred km!
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\’b‘ Typical strategy in a few words...
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We need a neutrino source that provide:

 high flux at large distances

e kKnown neutrino energy spectrum and high energy if you want
{0 see tau-appearance

e distinct distance from source to the detector

e known neutrino flavor in the beam

e pure neutrino beam, low wrong-flavor contamination

e reduced background due to clear timing of neutrino arrival

We need artifical neutrino beams!
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conventional
neutrino beams

on the way to O,
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iInspired by
atmospheric
neutrino
generation ...
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‘WL conventional neutrino beams
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e “conventional” means:
»high energy protons hit a nuclear target and produce a
secondary beam (of pions and kaons), whose decays
yield a neutrino beam*

e “beam” means:
“one wants to make use of focused forward-boosted
secondaries that yields to forward boosted neutrinos”

Hadron stop

1 - detectors

Hom Reflector Decay pipe

Proton Target
beam He tube Il

i He tube |
el [ l 5
i
0-5_“'1"_;5.[4 I |
i gam | !
1 = ! i
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conventional neutrino beams

e tau-neutrino beam from Dg —» v, + T (DONUT)

e electron neutrinos from K, —» v, + € + 11* (proposed)

e most promising: a (anti-)muon neutrino beam via:
Pp*T+ A1+ X (about 90%)
H* + D, (99.99%)
P+ A - K+ X (about 10%)
= H* + D, (~ 63.5%)
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conventional neutrino beams

we need protons:

the proton source
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Neutrinophysik
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- the proton source -

e keep in mind two rules of thumb:
— Rule 1) E, = f(E.x) = f(E,)

e in words: neutrino energy depends on proton energy (but not only!)

— Rule 2) ©, = {(P,x) = f(P,)

* in words: neutrino flux depends on proton power (pot times E,)

conventional neutrino beams

proton source experiments e pot/yr. Power E,
SPS OPERA 400 GeV 0.45*102°/0.12 MW 25 GeV
FNAL Main Injector MINOS, NovA 120 GeV | 2.5*10%° 0.25 MW 3-17 GeV
J-PARC T2K 40-50 GeV 11*102° |0.75 MW | 0.8 GeV

05.11.2007, T. Ferber
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Beam Dose (Joules)

1

1

1

1

conventional neutrino beams
- Integrated proton power -

E+14
&
kS
E+13 &
]
] i
E+12 = i
| [ |
A 2]
E+l1 o SRR
O !I!D 5 e
oHo A +  +
oo B
.E+10 . — <~ ANL OFMAL Main Ring
O & *q & BINL +CERM PS5
* ga{:a . mCERMN S5FP5 +IHEF
E4+09 " “ i3 “LAMPE +KEK
giFMAL Booster #FMNAL NuMlI
o FNAL TeV
E+0O8 i i |
| 960 1970 1980 1 990 2000 2010
Year
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from: S. Kopp, Phys. Rep. 439, p. 101-159, 2007
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‘WL conventional neutrino beams
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we need nucleons:

the target

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar



\{bx conventional neutrino beams

Neutrinophysik = the ta rg et =

AG C. Hagner

proton

Po /6? Pz

o target lenght
— the longer the more proton interactions
— but trade-off: the longer the more secondary scatterings

e target material
— high melting point (instantaneous power about 100 GW!!!)
— high shock resistance

e farget structure
— ,needle-like” to reduce pathlenght for secondaries

— for high energy neutrinos: evcuated regions between targets to ,let
the pions out”

— for high power beams: segmented to avoid shockwaves
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\{bx conventional neutrino beams

"fé‘%'."ﬂgﬂ'.ii'f = the ta rg et -
e low Z materials reduce upheating (graphite)

o fill gaps of segmented targets with sealed gas/vacuum to
reduce shockwave propagation

e no direct contact with cooling material like water or gas to avoid
radioactive waste

o full remote access in case of broken target (barrel-like design)
e guideline: @ ~ 3+0p, 0,°°° ~ Tmm, large o, prevents upheating

neutrino beamline experiments | material < [mm] lenght [cm]
CNGS (SPS) OPERA graphite 4-5 200
NuMI (Fermilab) MINOS, NovA @ graphite 6.4 90
J-PARC (KEK) T2K graphite 12-15 90
BoosterNeutrino MiniBooNe Be 10 60
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\{bx conventional neutrino beams

eutrinophysi - the CNGS target -

e 13x10cm graphite rod, 9cm helium filled gaps
e air cooled

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar



JUL conventional neutrino beams UH
Neutnophysi - the CNGS target -
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‘WL conventional neutrino beams
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AG C. Hagner

we b e 4 @ define: x. = p,/p,
e 1o dN/dx. (almost) independent of proton

I . momentum

Do
= Pion momentum p, scales with incident
& 0 proton momentum!
"E* 107

10 E proton 5 4_F_\__%_,___/-—}E.”—‘_"-ﬂﬂ_ﬁ—-_'-_-_——J—_:Tp'l

Po /6} Pz

i

FLUKA 2000 graphite-target, 94cm long,
gt lon o beno D 6.4x15mm?2 transverse

02 04 08 08 1
XF
from: S. Kopp, Phys. Rep. 439, p. 101-159, 2007
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Neutrinophysik
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conventional neutrino beams

AL PR R R AL P AL I . .
: e e integrals are the mean number of pions
e wev/e | o nUMber of pions per ,pot“ grow with
b b proton energy
n _5."ﬁ ---- 10 Ga¥/c
. 1o LLiE E 0
e ; n_/pot~ (p,)"
E, 10tE 3
j.a, ; ! II:'-.._L'E . Mean number {n ) per proton on target |
> AR : -
é; 10°E i = Jip| e S S N N N e
S P ol A R T N
e T2
; E 6—\* """""""""""""""""""""""""""""""""""""""""""""
105 ' 4 - e
: ARt o e FLUKA 2000 -
prail s gl dr Shebll o | = i..\.i\.ui\...i.\.\
o 10 10° % 50 100 150 ”200‘p‘ ‘(ggc\')ﬁ‘c')éoo 350 400 450
p: {GeV/c) :

graphite-target, 94cm long,

from: S. Kopp, Phys. Rep. 439, p. 101-159, 2007 6.4x15mm?2 transverse
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‘WL conventional neutrino beams
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K/ yield

0.1

0.095

FLUKA 2000

=]

=]

b |

(0]
“III|IIII‘II|I‘IIII||||I‘IIII|II||‘I|II|I

0 50 100 150 200 250 300 350 400 450
P, [GeV/c]
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‘WL conventional neutrino beams
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Important to understand beam divergence:
transverse momentum p; of secondaries

process dominated by fermi motion of
partons inside the nucleus of the target:

~21thc/1fm = 200MeV

-
=
en

peak transverse momentum =~ 280MeV

©_ =p/p, ~280MeV/E_=280MeV/(ym )
~ 2y

di/dp; (20MeV/ ) (10°POT)™
=
s

O 025 05 075 1
pr (Gev/c)
from: S. Kopp, Phys. Rep. 439, p. 101-159, 2007
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\{bx conventional neutrino beams

e - pion decay -
* pion (kaon) decay is a 2-body-decay: m — U + D,

e pion and kaon are spin zero particles, angular distribution is
isotropic in CM frame, in the lab frame (m =0, B = 1):

E, ~ ((1-m 2M?)E)/(1+y?an’0,)
TR 1/V (Compare with @r{ =~ 2/V)
®, ~ (2y/(1+y20,2)?

e these squares in the flux formula makes neutrino beams
complicated: You have to focus the pions and kaons or loose a

factor (1+(1+2)%)%/(1+1)? = 25, that are 96% of your neutrinos, in
comparison to a perfectly focused beam!

(of course this model is simplified)
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‘mL conventional neutrino beams

we need a beam:

focussing the secondaries

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar



\{bx conventional neutrino beams

yrcifiaci - focussing -

r
= e p 121 i 1 » protons
target .
9 Ufocussmg

device

o perfect focussed mean: ©_ =0

- ©_=p/p_: particle with a large distance to the incident proton beam
need large focussing F: F ~ r
— magnetic line source in beam direction? Yes, but B ~ 1/r

— here comes the trick: use a ,magnetic line source®, but let particles
with large distance r travel a longer distance x in the magnetic field!

F~r~B(r) - x(r)
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\{h» conventional neutrino beams

porae - focussing -

the solution:
parabolical horn
with inner conductor
shape z = ar?

(this one shown here is in fact a
double-horn)

p 2mrp 2mp

A®

from: S. Kopp, Phys. Rep. 439, p. 101-159, 2007

« With A@ =0_-© perfect focussing means:© =0or A© =r/L
a parabolic horn focuses a particular momentum for all angles:

f=L =2np/(y la) = const™(p/l)  f:focal lenght

- to give a pion a p_-"kick” of about 280MeV, a typcial horn needs
the incredible current of | ~ 150.000A (pulsed)
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\{bx conventional neutrino beams

s - focussing -

e one can use horn focal lenght f ~ p to vary the mean beam
energy by adjusting the distance between target and horn, horn
further downstream focusses higher momentum particles.

MINOS Preliminary

40 1. | |
a | 1801 150l
I | a 1 } b {17} c
=301 & [ ] I
e | # Data :BD'._ _-5".:“'
- | . [ 1 [
@ = L uka0s MC ] L 1 [
20r ol # i
i | — Full MG Tuning] *F 1401
o | 1 1 1 1
310} 120}t {20f
w 1 I
A [ N S v ool | VNN o200 o [ P ATV |
1-5_| 1 1 1 I 1 T 1 1 I 1 1 1 1 I_ 1.5_| 1 1 1 I 1 1 1 1 I 1 1 1 1 |_ 1-5_| 1 1 1 | 1 1 T 1 I 1 T 1 T I_
o § 1 ¢ i
T A e Mt el M o Al e I Rt S I O e A S 2 |

0 5 10 15 0 5 10 15 0 5 10 15
Reconstructed E, (GeV)

from: http://arxiv.org/abs/0708.1495v2, 2007
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\{bx conventional neutrino beams

yrcifiaci - focussing -

e but the target is not a point source and not all particles have the
mean momentum, so many particles will end up under- or
overfocused... additional horn(s) needed!

x 10°
‘ L e e e e e S LA e s s S s e S
underfocused 0.05 — — Total =
‘ Horn 2 only L & —— Meck-Meck 5
Horn | m;ﬂ'y |"=" ----- Meck-Horn2
unfocusea r H A
target foc Q041 k. s Underfocused b
‘ I’ — Owerfocused
Horn 1 overfocused C : _____ S
0.03 F
B 1
1

Horn 2
from: S. Kopp, Phys. Rep. 439, p. 101-159, 2007

0.02( [t

#CC Events /G eV/kton/3.8 x10 %pot

0.01F[f

0.00 [tz A y e AR e oo o 0
0 5 10 15 20 25 30

| [ ] Energy (GeV)
CNGS Beam, FLUKA 2000 simulation (from: CNGS workshop)
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\{bx conventional neutrino beams

s - focussing -

| ] 2 4oa aa g -?‘--r- .Ir
e ':i 3— NuMI Horn |

i' ': sl E NuMI Horn 2
Elj_,_,/‘\.-L_______ ””}:'

[ I [ cxGstiont ]
—r— =

.-

S | I RN | ==

“L | [__1 T =

|IIII:IIIII|IIII|IIlI|IIII|Il1I|I:1I|IIII|IIJI1II.II|II1I|IILI prtalinil
0 L 2 3 4 5 6 7

{m}

| Horn 1
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\{bx conventional neutrino beams
Pyt - focussing - il

CNGS Horn 1

Neutrinobeams - DESY Student Seminar
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‘WL conventional neutrino beams
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we need neutrinos from the secondaries:

decay pipe
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\{bx conventional neutrino beams
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- decay region -

o after having the pions and kaons focussed, they decay into
charged leptons and neutrinos

e reduce multi-scattering in decay pipe (vacuum, He)

e the longer the decay region, the more pions will decay (good!)
but the more of the decay-daughter, mostly muons, will decay
too — into electrons and electron neutrinos (bad!)

2

. P : : Lm_c
o y_:pion lifetimes in decay pipe Yo~ ox
neutrino beamline @ experiments pipe (m) & [m] Yo filled
CNGS (SPS) OPERA 1000 2.45 0.36 vacuum™**
NuMI (Fermilab) | MINOS, NovA 675 2 0.78* |He (NEW!)
J-PARC (KEK) T2K 130 |upto5.4| 0.43 He
BoosterNeutrino MiniBooNe 50 1.8 0.36 air

* for NuMI medium energy configuration (10GeV)
**Imbar abs., 3mm Ti-window

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar
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conventional neutrino beams
- decay region -

CNGS decay pipe

Neutrinobeams - DESY Student Seminar
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‘WL conventional neutrino beams
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but not all pions will decay:

hadron stop

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar



\{bx conventional neutrino beams

Ao - hadron stop -

e many protons remain without interaction — you have to
absorb them (and the undecayed secondary hadrons)
before it comes to beam monitoring...

graphite

iron

aluminium with
cooling pipes(!)

Decay Tube &
Exit Window

Iron Blocks

" e

Separation Walls

CNGS tag m’terial |
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conventional neutrino beams

see what we got:

beam monitoring

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar



\{bx conventional neutrino beams

T - beam monitoring -

e remember you dump O(100GeV) protons bunches on
solid targets to produce pion beams... monitoring needed!

Hadron stop

- detectors

Horn Reflector Decay pipe
Protgn Tar)et ‘
- He tube | He tube I
= )
: 3 |
2 ' N
i : 434m !
3 100 m 4 |

secondaries monitoring
- beam misalignement
\ - proton conversion ratio \

proton monitoring - K/mt ratio muon monitoring

- intensity per pulse - flux measurement
- spot position (muon flux related to
- Spot size hadron monitoring neutrino flux)

- angle - proton alignment

- target monitoring

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar
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2 extractions per SPS cycle (~175s)

x 10" 1 extraction
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first CNGS run, august 2006 "
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integrated pots

conventional neutrino beams
- proton monitoring -

updated:
400 cGev/ie

21-08-06 084520

‘PS5 access from 9:30 for
o beam during this time

Phone 70484 or 77500
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\{bx conventional neutrino beams

pryiote - secondary monitoring -

| secondary monitoring |
22 : ; ;
20F ; CNGS,
18f FLUKA 2005 simulation
16f : :

14f
122
105

charged particles per proton

%] L o o
FPTTT T rrTrprT

O_II\\D.SIIII1I\II1.5II\\2IIII2.5IIII3II\\3.5IIII4III
proton beam displacement [mm]

data from A. Geschwendtner, CERN, 2006

MiniBooNe-spectrometer 7° off-
axis in beamline:

- most pions have too high energy
to produce a 7° muon

- very low energy pions decay
upstream early

=10
0.1 ..
MiniBooNE
= from D. Harris
FRC t DECS . ),
i-""l-"H K .J'__. L,' Fermilab Neutrino
M K DECSY Physics Summer
a.cE School 2007
a0
i.f-q a
N
o 1|
) __iil | |
I L I L
T il .IFJJ_J.,ELL_}.L%EJU_ o S N 1 Y Y T
0.5 I 1.0 7 in

EHERST GF W LUCKS &T 7 DEGREES
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\{bx conventional neutrino beams

Nl - muon monitoring -

AG C. Hagner

e measure muon intensity (10

n detector
®

second muon detector

b Pit1
eoe = B
*00000O | il Horizontal
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\{bx conventional neutrino beams

s - beamspread -

= =
= C CNGS beam, 732km from source
o IF
E 0.6 |
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o N o
(q-; 0.5 __ > 3500
&) - L
5 "¢ 3000
- <
0.4 a7 2500
: 2000
— 1500
0.3
= 1000
ii 500 |
0.2 o R T R S
= 0 20 40 60 80 100
- E, (GeV)
) .
0.1 —
- FLUKA 2005
O 0 1 1 L I L 1 L I L ) | L I 1 L L I L L L I 1 L 1
O 1000 2000 3000 4000 5000 6000

Distance from beam axis (m)

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar



conventional neutrino beams

we only want pure muon-neutrinos:

beam contamination
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\{bx conventional neutrino beams

e - contamination -

« unfortunately, there are not only v, in the beams...

e large number of dedicated hadron production experiments:
— NA56/SPY: SPS protons on Be-targets
— HARP: low energy (up to 15GeV)
— WANTF neutrinos with experiments NOMAD and CHORUS

=
1

— FLUKA 2000 1
"""" GEANT-FLUKA

0.3

=
J
I

YIELD ( particle / p.o.t.)

=
=
I

0.2 |

01

W n°rn KK'Kn p p, Az ¥ Q n, A2 bar X har

from: G. Collazuol et al., NIM A, 1999

05.11.2007, T. Ferber Neutrinobeams - DESY Student Seminar




Y

Neutrinophysik
AG C. Hagner

conventional neutrino beams
- contamination -

WANF beam

(CERN)
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from: G. Collazuol et al., NIM A, 1999
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a typical neutrino experiment:

MINOS

IN 5 minutes...
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' SOUDAN MINE &

Main Injector Neutrino
Oscillation Search

e NuMI \)u-beam

e 2 detectors (near and far)

— near: 1km away
e beam composition
* energy spectrum

— far: 735km away

' : i illati
" FERMILAB : neutrino oscillation
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physics with MINOS — or with two detectors in a \)u-beam

. \)u-disappearance

1.27(Am3.)L
P(vu—wu)wl—Sin2(2923)Sin2( (Am3s)

)

v

* V_-appearance
1.27(Am:,)L

P(v,—v,)~sin’(20,;)sin*(20,5)sin®(

)

A%

e atmospheric neutrinos (beam independent)
o sterile neutrinos (NC rate in far detector)

o CPT violation (anti-\)u-beam)
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e to reduce systematics: build to ,identical® detectors, a

near one to monitor the beam (high rate), a far one to
see the oscillation

e lack of money: ,identical becomes ,similar”

e both, MINOS Near and MINOS Far are steel/scintillator
tracking calorimeters

— magnetized (1.2T) 2.54cm thick iron plates
— 800x4x1 cm plastic-scintillators
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MINOS near detector

Calorimeter

Spectrometer

05.11.2007, T. Ferber

Fiducial Volume

MINOS - detector

MINO

S far

detector

Fiducial Volume
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MINOS - detector

e 103m underground e 705m underground (2100m W.E.)

e 0.9kt iron, 4x5x15m o 5.4kt iron, 8x8x30m
o 282 steel, 153 scintillator planes 484 steel/scintillator planes

 4x multiplexing behind plane 120 « 8x multiplexing (,bad“ multi-myon reco.)

e Fast QIE" electronics (high rate,

Slow electronics: preamplifier, shaper,

multi-neutrino events per spill) sample-holder...

alternate planes rotated by 90° (U: horizontal, V: vertical)
both side readout, multipixel M16/M64 PMs, de-multiplexing
GPS timestamp for FD/ND/Beam synchronisation and trigger
continous untriggered readout during spill

interspersed light injection system for calibration

1) QIE: charge (Q) to current (I) encoder

Neutrinobeams - DESY Student Seminar
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MINOS - detector

typical events(!) in MINOS near detector

Number of Events per Spill

[ Entries
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from: J. Nelson, Talk at Neutrino 2006, 2006
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e the aim (for alle 2-detector experiments):

predict the unoscillated neutrino spectrum in the far detector
from the near detector data...

MINOS uses a ,beam matrix method*:
encode decay kinematics and beamline geometry to a matrix
to transform ND energy spectrum to FD energy spectrum
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- = o i z £ z g alN
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MINOS - detector

first event in MINOS far detector

Date : 20 Mar 2005 Time :11:56:32 Run : 29470_. 5 Snarl : 63498 EventType : Upward Muon Cand

ras

Vview

4

K]

X
/
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preliminary result from 2.50*102° pot

MINOS Preliminary T 0 () ) et s oo e
140 prr=r—r=r—r—r—rrrrr—rrrrrrr e = *  MINOS Best Fit MINOS Preliminary 1
% — Un-Oscillated {_E) 0.005F MINOS 68% C.L.
o) 120 — Best Fit @ = [ == MINOS 80% C.L.
~ — NC s B
2 100 e Data oo 0004
o 80 E 5 B T
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from: http://arxiv.org/abs/0708.1495v2, 2007
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a not so typical neutrino experiment:

OPERA

IN 5 minutes...
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Y Oscillation Project With
Emulsion Tracking Apparatus

« CNGS \)H-beam
(high energy)

AN

~...:...:IIII-IIII- “::.
-i“

|jll

e 1 detector
— far: 732km away
e neutrino oscillation

e tau detection

Neutrinobeams - DESY Student Seminar
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physics with OPERA — or with a specialised detector
« v_-appearance, CNGS beam above T-threshhold

1.27(Am3;)L

)

P(v,—v,)~sin’(20,;)sin’(

v

* V_-appearance
1.27(Am3%,)L

P(v,—v,)~sin’(20,5)sin*(20,5)sin®(

)

A%

e atmospheric neutrinos (beam independent)
o sterile neutrinos (NC rate in far detector)
e rare events: muon emission from nuclei...
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e SCOrPIOOKI Y com

e low eventrate: need high target mass (about 2000 tons)

e only affordable detection principle that combines that:
Emulsion Cloud Chamber (ECC): lead-emulsion-sandwich
- high spatial resolution due to photo-emulsion
- high mass due to interspaced lead layers
But: ECC are passive — need electronic detectors for
triggering, spectrometer, bgd. reduction...
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OPERA - ECC principle

|125nnn |

plastic

Emulsion Film

56 layers of lead (1mm)

57 layers of plastic and
photoemulsion (0.3mm)

1 changeable sheet

in total:
about 200.000 bricks in
OPERA detector...
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after development: automatic
scan with microscopes in 8
different focal depths per
emulsion plane

event taken from DONUT B

full analysis: 3D vertex
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located in LNGS, italy:

shielding of 1400 m rock
(3300m water equivalent)

weight: about 2000 tons
target, 5000 tons total

size: 20x9x9m

hybrid-detector:
- ECC for tau vertex

- 2 large spectrometers with
1.5T magnet field

target section
with electronic

target tracker g0 trometer:

Magnet, HPT,
RPC, XPC
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:' ’|‘n|umu|
i

target section spectrometer:
with electronic Magnet, HPT,
target tracker RPC, XPC
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"ﬂl‘ OPERA

Neutrinephysik =
AG C. Hagner g..-t{g
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electronic detectors

TOP VIEW {horizontal projection) 120054 : Event 173520769
UTC: Tue Oct 2 15:04 25 2007
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emulsion event: 178969961
brick: 22530
scanned: Salerno
event: \)u-CC

center of gravity extrapolation
from shower (gamma
conversion) starting plate 38

vertex found
between lead
plate 24 and
25

muon track
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after 5 years nominal running and 25% reduced target mass
we expect about 30000 vpCC events

Signal + (Am?)? - Full mixing |Background: 0o Lo T o N e
Deca Charm - ? ? ? ?
T y 2 2 :
Am? =2.5x] Am* = 3.0 x H. intera.
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o\o g0
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>
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conclusion
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e conventional neutrino beams are challenging but under
control, only two running long baseline beams worldwide

e neutrino cross sections and p-hadron interactions still
under investigation, several experiments worldwide

 MINOS first high precision results will set the borders for
future searches

e OPERA will confirm or exclude 3-flavor oscillation model
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* next generation of neutrino oscillation experiments need
monochromatic beams: off axis experiments on their way

— T2K (Japan)
— NovA (USA)

precision experiments to extend search for © _ and GP violation

e next to next generation experiments need much higher flux
and purity:

— Neutrino Factories (u storage rings)
— Beta Beams (B-decaying ion storage ringe)

use matter effects (very long baseline: 8000km) for highest precision
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END

Thanks for your attention!
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