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Julius-Maximilians-
I UNIVERSITAT \Mass hierarchy measurement?

= Mass hierarchy [sgn(Am?)] discovery possible

with atmospheric neutrinos?
(liquid argon, HyperK, MEMPHYS, INO, PINGU, LENA, ...)

30

Li 'uidlal'ﬂt;n QIS)ILT Ir ,rrll:lrglin:llilzcdlhicr'archI sclnsitlivitl f" - y .
[l e ] Barger et al, arXiv:1203.6012;
q IH more challenging

Perhaps different
facilities for MH and CPV
proposed/discussed?

801 0.06 0.08 DBbf 0.l 0.12
2
true sin ZBH

= NB: basically any long-baseline experiment at design luminosity
with E > 1 GeV and L >> 600 km can for all 6.p measure the
hierarchy by sufficient Earth matter effects (MSW effect)!



I eRsieT Why is 8p interesting?

= CPviolation sind
Necessary condition for successful baryogenesis
(dynamical mechanism to create matter-antimatter asymmetry of the universe)
= thermal leptogensis by o viH
decay of heavy see-saw
partner?

* Model building cosé

UpmMmns = ngUg

Correction leading Symmetry
to non-zero 0,57 e.g. TBM, BM, ...?

e.g. TBM sumrule: 6,, =35°+ 0,5 C0Sd
(Antusch, King; Masina)

» Need performance which is equally good for all 6-p
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UNIVERSITAT - The new paradigm: Precision?

C2P = LBNO: | )
- . e - Q2P ]
CERN-Pyhasalmi " Bands: 7
L~2300 km, 100kt 0, allowed — BB350 |
liquid argon 20_' ranges — — - LENF
= CP violation o | AN
performance represents ~ 70
only two possible values 3§ |
of 6-p (0 and n) 10|
» Need new performance |
Indicators — &
» Reveals that [
some experiments |
(narrow beam spectra!) ~150-100 =50 0 50 100 150
strongly optimized for )
CPV (Coloma, Donini, Fernandez-Martinez,

Hernandez, 2012;
concept: WW, PRD 70 (2004) 033006) ¢



THE INTERNATIONAL DESIGN STUDY
FOR THE NEUTRINO FACTORY

— — L 1 (Geer, 1997; de Rujula, Gavela, Hernandez, 1998;
nw —e H Sianal 220 Cervera et al, 2000)
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UNIVERSITAT The big unknown: Systematics

= Systematics important  os

' ek evase
for large 0,5 .
0.4 — fofI;StrEEim"O; 5;;’ Ei'u
— = effective  Iar detector
= New treatment needed

> Use exp“CIt near-far 03 all systematics @ default N
detector simulations <~ | _

» Use same knowledge for o2} =7
cross sections for all _ ) N
experiments L " _

» Use comparable e —====
framework for systematics |ooes2o07 M
Implementation and 10” 10° 10

,
sin 2813

(Huber, Mezzetto, Schwetz, 2007)

correlations!
(lesson from reactor
experiments!)




Eldvm{?'i?ﬁ“é"i"ﬁi”? Fluxes and cross sections:

S Superbeam, beta beam (illustrated)
f?
" Superbeam Near Appearance \ Far
detector ©  detector

Vp /VV
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universiTAT  Fluxes and cross sections:
- ZBURG Neutrino Factory

(Tang, Winter, PRD 80, 053001, 2009)
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= Muon (anti)neutrino cross sections measured in
self-consistent way
W Ve
" Fluxesin —and — fully correlated
Ve VH 10
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Wirzsore.  Cross section assumptions

Theoretical

Systematics Opt. Def. Cons. (Coloma, Huber,
— : _ Kopp, Winter,
Cross secs x eff. QET 10%  15%  20% arXiv:1209.5973)

Cross secs X eff. REST 10%  15% 20%
Cross secs X eff. DIST 5%  T7.5% 10%

Effec. ratio v, /v, QE* | 3.5% 11% [01[?‘("?‘““ valg;s, ratios:
_ R » efficiency: 5%,

Effec. ratio v /v, RES* | 27% 5.4% X-secs: 10% (QE) -

Effec. ratio v. /v, DIS* | 25% 5.1% 2% (RES) -1% (DIS) ]

® | constraint (?)

Universal for all experiments, |
range optimistic — default — conservative

Independent errors for QE, RES, DIS
» Possible shape error implied

Effective cross section x efficiency errors used
Independent for Ve, Ve, vy, Vy,

but (theoretical) flavor ratio applied

11
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Other systematics

SB BB NF

Systematics Opt. Def. Cons. | Opt. Def. Cons. | Opt. Def. Cons.
Fiducial volume ND 0.2% 0.5% 1% | 0.2% 0.5% 1% | 0.2% 0.5% 1%
Fiducial volume FD 1%  2.5% 5% 1% 2.5% 5% | 1%  2.5% 5%
(incl. near-far extrap.)

Flux error signal v 5% T75%  10% | 1% 2% 2.5% | 0.1%  0.5% 1%
Flux error background v | 10%  15%  20% correlated correlated
Flux error signal 7 10%  15%  20% | 1% 2%  25% | 0.1% 0.5% 1%
Flux error background 7 | 20%  30%  40% correlated correlated
Backeground uncertainty 5%  75%  10% 5% 7.5%  10% | 10%  15%  20%
Matter density 1% 2% 5% 1 1% 2% 5% | 1% 2% 5%

= Background uncertainties uncorrelated
= Superbeam peculiarities:

= Same parameters for all setups

» |ntrinsic beam backgrounds with separate systematics
(near-far correlated) = “flux error background”

» |ntrinsic beam contamination electron (anti)neutrino
disappearance included (without significant effect)

(Coloma, Huber, Kopp, Winter, arXiv:1209.5973)
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Options

Setup EPpeak [, OA Detector  kt Decays/yr (t,.t5)

.| BB3O 12 650 W 500 1.1(2.8)x10%  (5.5)

= | NF10 50 2000 —  MIND 100 7% 102 (10,10)

= | WBB 45 2300 —  LAr 100 - (5,5)

an|
T2HK 0.6 205  25° WC 560 - 5,3.5)
BB100 o _ 1.1(2.8)x10%  (5.5)

3 0.3 130 WC 500

S +spL - - (2,8)

% NF5 25 1200 — MIND 100 7x 1020 (10,10)

= | LBNE,... 4.0 1290 LAr 10 . (5.5)
NOvA* 2.0 810 0.8° LAr 30 - (5,5)

= | T2K 0.6 295  2.5° WC 22.5 - (55) 4 paya

)

SINOvA 2.0 810 0.8° TASD 15 - (4,4) BY

(Coloma, Huber

, Kopp, Winter, arXiv:1209.5973)
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I UNIVERSITAT  Impact of implementation

= Gray (eff. systematics, 0-10%) versus color (new):
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» More precise predictions for Neutrino Factory
(bands: conservative — optimtistic, curves: default)

» Systematic offset for T2HK, BB350 (QE v, cross sec. issue)

(Coloma, Huber, Kopp, Winter, arXiv:1209.5973)
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UNIVERSITAT Precision: .
WURZBURG  \\/orldwide comparison
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UNIVERSITAT  Interesting alternatives

. Comparlson at default systematlcs

1.0 —
.- A5 at 10‘
08l E ',: . I\i’F10 | NF5 exhibits
N | strong
- [ oo NFS 1 dependence on
‘5 0.6] .- ==BB350 | & (some
c ~ === BB+SPL" dependence on
=2 | . _. WBB | binning!)
S 0.4] g T ——T2HK -
i I | BB100+SPL Is
- — LBNE;si1 the only setup
02l -—-= NOvA'T | comparable with
I -==2020 I NuFact
- GLoBES 2012 -
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(Coloma, Huber, Kopp, Winter, arXiv:1209.5973)
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UNIVERSITAT  Main impacts: Neutrino Factory

NuFact—II 2 O O 2

= Matter density uncertainty (p)
(detailed analysis: Ohlsson, Winter, PRD 68, 073007, 2003)

= Det. performance at energy threshold (E
= EXxposure/luminosity

min)

Main impacts on CP measurement precision

Density uncertainty % '
(Huber, Lindner, Luminosity } NuFact—II
Winter, hep-ph/0204352) T
0 0.1 0.2 0.3 0.4
Coverage indcp
2012 NF10 | ‘ Systematics
. Il off
= Matter denS|ty E— ?na?ter uncertainty off uncorr.elated
.y W fluxoff app.-disapp.
Unceralntly v, DIS cross section off
oNO ||
= EXposure no ND,unc
| 2><e|xposu;re ‘ ‘ ‘
(Coloma, Huber, - T

Kopp, Winter, arXiv:1209.5973) AS[°]
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UNIVERSITAT Main impacts

| T T T T T
NF10 1 b Fraction of 6=0.5
all o
mafter uncertainty off Colama, Huber, Kopp,
flux off .
. Vy DIS cro‘ss se(‘:tion off Winter, 1209.5973 [hep—ph]
noND |
no ND,unc | |
2xexposure
wposure Near detectors
_BB+SF’aL” i not so important if
SPL flux uncertainty off disappearance
intrinsic background off information from ED
QE cross section ratio off
oND N | | and three-flavor
no ND,unc framework valid
2xexposure
NF5 Lo Exception: NF5
all o ..
matter uncertainty off (main impact)
fiducial mass off
flux off
no ND T
no ND,unc _ _
‘ 2‘xexpo‘8ure GLoBES 2012
|
0 5 10 15 20

Ao[°]



Julius-Maximilians-

UNIVERSITAT
WURZBURG

-

W

1ig
Uf

r—

O\
uf

W

[s]

1)

n

|
NF10‘

all off
|
matter uncertainty off

l flu:x off

| .
v, DIS cross section of

TN

| | I
2xexposure

WBB

al
mlatter uncertainty off
| | | | |
intrinsic background off
| | | |
cross section rati

Neé

off

RES

no ND
| |
no ND,unc

I I I
2xexposure

Fraction of 6=0.5

Fact

Ir:>c>1‘f

section

Ory

Glol

ratio off
| ]
nd off

BES

2012

Comparison to superbeams

Robust wrt systematics

Main impact:
Matter density uncertainty

Operate in statistics-
limited regime

Exposure more important
than near detector

QE v, X-sec critical:
no self-consistent
measurement

Theory: v /v, ratio?
Experiment: vSTORM?

20
(Coloma, Huber, Kopp, Winter, arXiv:1209.5973) 20
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UNIVERSITAT
WURZBURG Summary

= The Neutrino Factory is the only experiment which can
measure the CP phase with CKM-like precision
= Main impacts (NF):
= Matter density uncertainty
= Exposure

= Near detector (low-E NuFact). In no other experiment the near
detector has found to be the dominant impact factor!

» Can control systematics in self-consistent way!

= Comparsion to alternatives:
= BB+SPL: Best alternative performance, better than y=350 beta beam.
Self-consistent cross-section measurements
» Low-E superbeams (T2HK): QE cross section ratio critical
» Theoretical: Better predictions/models especially for this ratio?

» Experimental: Measure v, cross sections? vSTORM?
Systematics from Neutrino Factory?

» High-E superbeams (such as LBNE): Exposure seems more
Important than the near detector ...

21



I UNIVERSITAT CAPES-AVH fellowships

= Brazilian researcher = German host institute
[Application by researcher, with host institute]

» Postdocs (Ph.D. < 4 years ago)
for a period of 6-24 months

» Experienced researcher (Ph.D. <12 years ago)
for a period of 6-18 months in max. three blocks

= Next application deadline: ~January 2013

= More information

http://www.capes.gov.br/cooperacao-internacional/alemanha/capes-humboldt
http://www.humboldt-foundation.de/web/capes-humboldt-fellowship.html

[or ask me, If you have questions ...] ?



BACKUP
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UNIVERSITAT A technical note

GLOoBES, CPC 167 (2005) 195

dny v [ IEAE O (E
iE' : f / dEdE  a(E) X
0 0 Production
1 ‘ 5 .
ﬁp(a—-,,ﬁ)(E, L, p; 619, 013, 033, ﬂ'méla 57?1—51: dcp) X E 1 true energy
) Propagation ’ E" : reconstructed energy
oy (E)KfH (B — E) x FE : interaction partner
Int.er:':ct.ion
TH(E)Vi(E - E),
Detg;tion
X-sec
E;+AE; /2 o |
AT/ T2 : ; ;
n = N/L / dE' /dE O°(E) PY(E)o(E)R(E, E') e(E")
E;—AEZ ;’2 0 ~ /

00 X-sec x det. response
/ dE  Ts(E)kS (E — E)Vs(E — E') needed for osc. analysis
0

RYN(E,E') ey (E') =

Do issues present in the extraction of cross sections arise in an oscillation
analysis, which does (in principle) not need these explicitely?

[however, this object is experiment-dependent ...] 24
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