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Long Baseline Neutrino Experiments

* Over the last decade studies of Atmospheric and Solar Neutrinos
has established the existence of neutrino flavour oscillations

* Main advantage of solar/atmospheric experiments
* beam comes for free

* But you get what Nature gives

* Time for the physicists to take control...
* Intense (>100 kW) neutrino beams and long baseline experiments

BASIC IDEA

* Most experiments sample unoscillated neutrino beam close to
production and at a few hundred km when oscillations are apparent

Beam @$@$ @
= @ O W @ G ©»
e > few 100 km G @

v

« “Clean” neutrino experiments — control of systematic uncertainties
- Baseline/lbeam energy chosen to match for physics goals
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Neutrino Oscillations in the “SM”

* Two mass scales: m3 - Amg. 4 4
2
|Am21 |2 |m2 — ml | A’/ngtrnos Amatmos
|Am32| = |m3 — m2| Am2 4 n””ﬁ ' ms

* Unitary PMNS matrix, usually expressed in terms of 3 rotation angles 912, 923, 013
and a complex phase 0, using the notation s;; =sin6;;, c¢;; = cos 6;;

Uet Uz Ues 1 0 O ci3 0 sze™® ci12 s12 0
U.Ul U.UZ U‘u3 — 0 23  §23 X 0 1 0 X —S12 C12 0
Ut Uy Uz 0 —s23 €23 —S13€_i5 0 c13 0 0 1
Y Y
Dominates: “Atmospheric” “Solar”

*There are six SM observables that can be measured in v oscillation experiments

\Amzl ]2 \mz %| 6, | Solar and reactor neutrino experiments

\Am32|2 = |m3 — m%| 8,3 | Atmospheric and LBL beam neutrino experiments :

...........................................................................................................................
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* Five main Long-baseline neutrino oscillation experiments

Experiment Operational | Peak E, | Baseline | Detector
K2K 1999-2004 1GeV | 250 km |Water C
NuMI/MINOS 2005-2010(?) | 3 GeV | 735km |lIron/Scint
CNGS/Opera 2008- 17 GeV | 735 km | Emuision
T2K 2010- 0.7 GeV | 295 km |Water C
NOvVA (?) 2012(?)- 1.8 GeV | 810 km |Liq. Scint.

Main Experimental Goals:
* K2K : confirm atmospheric neutrino oscillations
* MINOS : precise measurement of |Am3;|*> (and 653 ) + shot at 63
* Opera : observe tau appearance in Vy < Vz oscillations
* T2K : observe V, < V, oscillations and measurement of 013
* NOvA : Vu < Ve at alonger baseline (mass hierarchy)
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® Neutrino Beams

* Neutrino Beams for beginners

Smash high energy protons into a fixed target == hadrons

‘Focus positive pions/kaons

‘Allow them to decay 77 — u*vy, + Kt — utv, (BR~64%)
Gives a beam of “collimated” Vy

T

Magnetic - Absorber = rock
focussing
(' 1%
R e » M
> ! O AL AL DR PP Y% Neutrino
- AR Decay tunnel H

Proton beam > RGAY AN > v beam
target - T + 3
T T — uvy

* Neutrino energy spectrum determined by decay kinematics and
magnetic focussing optics

Pion production from target not well modelled by MC
Significant uncertainties in neutrino energy spectrum !
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Neutrino Horns

e.g. MINOS
Two focusing horns pulsed with 200 kA
* Magnetic field B ~ l/r between the inner
and outer conductors
« Maximum field-3T

P

___—V

® B ) Il @i

T

* Two horn system behaves like a pair of (achromatic) lenses
 Relative position of target determines energy spectrum

Two different target positions

Higher Energy Lower Energy
v Beam v Beam

* Choose “focussing optics” to give appropriate peak in neutrino energy
spectrum for experimental baseline
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© Past Experiments: K2K

* KEK to Kamiokande: utilised large Super-Kamiokande water Cerenkov Detector
* For 013 small, to a good approximation

1.27Am3, (eV?)L(km)
Ey(GeV) )

* In LBL experiments, [, is fixed, hence oscillations a function of neutrino energy

* For K2K baseline, L = 250km , and |Am?| from Super-K atmospheric results,
expected oscillation minimum at £, =~ 0.7GeV

P(v, — v;) ~ sin® 26,3 sin” (

* For this energy, neutrino interaction cross-section .,

dominated by quasi-elastic (QE) scattering 0, e
— :\1'2 L O GGM77| % BNL 86 )V( CDHSW 87 E
1 - @ GGM79 4 IHEP-JINR 96
. . vu _I_ n— u _|_ p % | [* Serpukhol }| E IHEP-TER 791
* Scattering via hadron resonances (e.g. A) next o . Fo
most important process, e.g. 5 %
Vp+n — - +A" hls
— == \—;0.4 —
— L
au’ —|_ n —|_ 4 B i
02 | ¥ ]
* By selecti_ng events with a single “muon-like” ring, 0Ll S T
preferentially select out QE events 10
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* For QE, reconstructed neutrino energy can be obtained from muon energy and
scattering angle measured from the muon Cerenkov ring

E;eC: mNEM—mi/2

(smeared by Fermi motion)
my — E, +p,cosb,

* Fit to energy spectrum and normalisation excluded null oscillation hypothesis
at 4.3 o level with best fit consistent with Super-K atmospheric results

18 2D % g & 2 b B gk & & 1 o8 8 o@a I F o8 @ g T E 2 T ¥ . T T J L d T
© i . 1 «
Q16 . % i .
N I i
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k-] e ] A i
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3 ! €7

10 . <
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8 f .

6 | . 2 B :
| [ C e, K2K 68% i T

4 r F ] [ K2K 90% ]
: o | ; 1F ammnn K2K 99% )

2 1 + + % ] F e SK L/E 90% i

0 I I P P 1 .- B 1 R T T S B
o 1 2 3. 4 5 %2 04 06 08 1

Ey GeV sin%(20)

* First observation of neutrino oscillations in a LBL experiment !
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Current Experiments: MINOS

*120 GeV protons extracted from the MAIN INJECTOR at Fermilab
« 2.5x1013 protons per pulse hit target == very intense beam - 0.2 MW on target

Soudan Mine;
Minnesota

TN
‘/Booster“s
|

< WU e
1!
X
iy ¢ &
‘ LNE
== X __ Target £
7 Sq : nclosure i :
[t
? Tevatron /Zj
3 VI
77

E
.1 Main Injector, ¥\

\ . £
«1\ ) 7 -48 A

\.Fermilab .. "
T A
d :

Two detectors:

o * 1000 ton, NEAR Detector at
L Fermilab: 1 km from beam

e * 5400 ton FAR Detector, 720 m
ey underground in Soudan mine,
N. Minnesota: 735 km from beam
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MINOS in a Nutshell

X Measure ratio of the neutrino energy spectrum in far detector
(oscillated) to that in the near detector (unoscillated)

v, spectrum Far/Near Ratio

1.4
‘E Simulation E : 25
>3 = F Depth of
L o 1— -
g N minimum
N Detect N
(unoscillated) 508 -
3 .. sin220
£ 0.6; A
m -
= 0.4 i,
Far Detector O - | Position of
(oscillated) O 0.2} min. =) Am?

2 4 6 8 10
Visible energy (GeV) Visible energy (GeV)

% Two detectors vital to understand beam = precise measurements
Y% Leads to a significant cancellation of systematic biases

NOTE: longer baseline than K2K = higher energy beam
no longer dominated by QE interactions
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MINOS Data Taking

Total NuMI Protons to Monday, 12 May 2008

7 First ..... resu Its( P RL) ........................................................................................................................................

Prelim. NC
6 New PR -

Total Protons (E20)

0
2005/05/02  2005/09/17  2006/02/02  2006/06/20  2006/11/05  2007/03/24  2007/08/09  2007/12/25 2008/45)5/1 2

Date
- _ . - _ b
RUN I: 1.27x102 POT I RUN lla: RUN lib: RUN 1II:
1.23x102 POT  0.71x102 poT  ©M-going

HIGH ENERGY DATA

* Moveable target: some higher energy data to constrain systematics
* Current results based on ~25-35 % of expected final data sample
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The MINOS Detectors

Basic Technoloqgy:

* Steel-Scintillator sandwich : SAMPLING CALORIMETER

* Each plane consists of a 2.54 cm steel +1 cm scintillator

* Each scintillator plane divided into 192 x 4cm wide strips

* Alternate planes have orthogonal strip orientations (U and V)

steel

scintillator

T~

orthogonal

orientations
of strips AN

/Y

I /1”1 1T 1T 1T 1T 1

+Scintillation light collected by
WLS fibre glued into groove
+Readout by multi-pixel PMTs
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* 1 km from beam
* 1 kton total mass
* Same basic design as Far Detector
steel, scintillator, etc
* But some differences:
+ Faster electronics
¢+ Different PMTs (M64 vs M16)
+ Different triggering
¢+ Only partially instrumented
+ 282 planes of steel
+ 153 planes of scintillator
¢ (Rear part only used to track

muons)

* But the main difference is

EVENT RATE

* Multiple event interactions
per beam spill
* Separated using timing

R

W
¥

+ spatial information

N
| —
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Event reconstruction

‘Neutrino detection via CC interactions on nucleon (~5/day in FD) | Vu K
_ V X
Vu+N—u +X H - W
Example event: n 14

Date : 28 Jul 2005 Time : 18:27:44 Run : 32461_7'_: Snarl : 110562 EventType : Beam Neutrino Candidate

XY view
PR —

/ %

Signal from
hadronic
shower

trigger : SPILL IP

*Reconstruct muon momentum + energy of hadronic system

E\/:E“—I—EX y:Ex/(E‘u—FEx)
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Event Identification

* Different Neutrino interactions have very different event topologies

R

v, CC

~

V. CC

¢+ Clear muon track ¢+ Short + Compact EM shower
¢+ Hadronic activity at ¢+ Diffuse ¢+ +Hadronic activity
interaction vertex

* Use multivariate kNN method to select 7,,CC events in NEAR and FAR
detectors
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* High statistics study of Vy < V¢ :
- Precise meas. of |Am3;|? and ultimately(?) 6,3
 Test alternative models

* Threshold for Yz production ~3.5 GeV L S W T
- DISAPPEARANCE experiment

CC EVENT SELECTION: Vu X )
- Reconstructed track - 2

 Event vertex in ND/FD fiducial volume
NEAR DETECTOR FAR DETECTOR

— |

Calorimeter Spectrometer

- Fiducial Volume

» Curvature of track in B-field consistent with being negatively charged
 Event vertex in ND/FD fiducial volume
e Passes kNN based CC/NC multivariate event identification
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Precision Neutrino Physics

* For precision measurements — need to predict accurately FD energy spectrum
* An a priori approach would require
= accurate simulation of neutrino flux from 120 GeV protons hitting target
= accurate simulation of (low energy) neutrino cross sections
* NEITHER EXIST - large (>10%) uncertainties in hadron production and
neutrino cross sections

But MEASURE Spectrum in Near Detector

L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L] i
MINOS Near Detector ® Low energy beam 4

o High energy beam 4
= Tuned MC

- Untuned MC -
Ny (Fluka 05)

* “tune” Monte Carlo using ND data recorded 'é
in 7 different beam settings, e.qg. ©

)
o

S
o

*Tune MC hadron production using a
function that varies smoothly with
hadronic x. and p;

*Tuned MC gives better agreement with
data in all beam configurations

'
w
o

N
o
10d 4,0H/A®D/Wesq ABiaus ybiy ul sjuang

—
o

______________
L Ly

Effectively use MEASURED ND Spectrum

0

Events in low energy beam/GeV/10

20
Reconstructed neutrino energy (GeV)
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Extrapolating to the Far Detector

* BUT: even in the absence of oscillations the NEAR and FAR detector neutrino
spectra are different!

Easy to understand...

* Consider a pion decaying in the decay pipe

* Neutrino can intersect the ND for a relatively wide range of decay angles

* For far detector only decays in a very small range of angles will cross the
FD 735 km away

120 GeV p stiff 70"
—) +
target Noft TC
Decay pipe

* From simple relativistic kinematics for pion decay — neutrino energy depends
on decay angle relative to pion line of flight

. 043E,
Y 1+y202

* Decays with neutrinos pointing towards the FD tend to have smaller § and
hence have slightly higher energy

* Difference is just kinematics, i.e. well understood !

Physics in Collision, 27/6/2008 Mark Thomson 18



The Beam Transfer Matrix

Measured ND

. Predicted FD

- x10
E 0.3
= — - L
O 200 & 5 |
o 2 Lot
= pa 2 02
= 2 =
g -E 4—E
X 3 S
% 100 z = |
- —
c o -
L |
© w
3
&
b 5 10 10
True E, (GeV) o 5 10 15 20 25 30 ° % Sk (Gev
Near Detector Neutrino Energy (GeV) rue E, (GeV)

Beam Transfer Matrix:
= Encapsulates knowledge of 2-body pion decay and geometry
* Provides a simple way of relating near and far detector energy spectra

= Beam matrix determined from MC but does not depend strongly on details;
kinematics & geometry dominate

= Near detector data “directly” determines predicted Far Detector spectrum
= Monte Carlo tuning only enters as a second order effect in determining matrix
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Oscillation Analysis

LA BN I BN
1507 MINOS Far Detector i
> | :
8 100k % * Far detector data
- — illati . Expected
P ] No oscillations ) Data sample | Observed P
= 1l [ NC background ] (no osc.)
2 sl - v, CC LE 730 936 + 53
| _*_ i
O:;b"l""""'l""l' .
0 5 10 15 20 30 50

Reconstructed neutrino energy (GeV)

+ Oscillation parameters extracted from likelihood fit to reconstructed energy
distribution of selected Far Detector events

; 5 5 nbins nsyst A or2
X (Am~,sin“20,0,;,...) = Z 2(e; — 0;) +20;In(o0;/ e;) + Z —
— J R P
i=1 ~ J=L Ty,
statistical error systemgtic errors
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Oscillation Analysis

T I T T T T | T T T T | T T T T | T l T | T 4.0 | | I I I 1 | 1 1 I I l I I I 1 l I 1 I I i
150__ MINOS Far Detector | - T
] 3.5 .
S * Far detector data & - ]
(o)) [ —— No oscillations %) 3.01
¢h 100~ | T f - 02: i
~ - — Best oscillation fit y : N
-Ué I -%- [ NC background RS 2'5:_ 1
o || & -
Lﬁ 50+ — g 2.0:_
i — - ® MINOS Best Fit —— Super-K 90%
1.5 MINOS 90%  —— Super-K L/E 90%
x [ — — MINOS 68% K2K 90%
O B — " 1 O I T B TR S R S S SRR T
0 5 10 15 203050 0.6 0.7 0.8 0.9 1
Reconstructed neutrino energy (GeV) sin2(26)
Results:

|Am2 | — 9243+ 0.13eV? * Good fit to oscillation hypothesis
. 9 52 * Sufficient data to reject alternative
X% /nd.o.r = 90/97
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MINOS Physics : Alternative Scenarios

* MINOS is the first high statistics long-baseline experiment
* Can study shape of oscillation curve in detail
* In particular, compare standard oscillation hypothesis to other scenarios, e.g.

I | L | L | L | 1 I I | |

Neutrino Decay 1.5 .
V. Baraer et al.. PRL82:2640(1999) . g |
. _ QL
P(v, — vy) = (sin* @ +cos? B¢ 2% )? g | TL T
S 1 o =
x?/ndof =104/97 Ax? =14 . =
Disfavoured at 3.7 ¢ level Q
o 0.5 MINOS data
) O i Best oscillation fit
Neutrino Quantum Decoherence IS Best decay fit
G.L. Fogli et al., PRD67:093006 (2003) , s Best decoherence fit |
Plvy—vy)=1-"5=(1—ex) % 510 15 203050
Reconstructed neutrino energy (GeV
Y2 /ndof =123/97  Ay2 =33 gy (GeV)
Disfavoured at 5.7 ¢ level THERE BE OSCILLATIONS !
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MINOS Physics : Neutral Current

* MINOS CC analysis provides clear evidence of v, disappearance
* Consistent with v, = v_oscillations

* Alternative — oscillations to a sterile neutrino state v, = v
* Distinguish from NC event rate in MINOS far detector

Vi Vy

MINOS Preliminary: 2.46 x 10%° POT
—— Far Detector Data
— 0,,=0
— 6,,=0.21,06 = 3n/2
CC Background

] Am? = 2.38 x 1036 V?
L Sin’(20,,) = 1

Events/ GeV

oAl
5 10 15 20 25

Evis (GeV)

* Preliminary study of NC events consistent with standard interpretation

w
o

To confirm v, = v_oscillations — want to observer 7 lepton from v, beam !
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CNGS - OPERA

* CERN to Gran Sasso Neutrino Beam:
baseline 732 km
* “Unique selling point”, ability to detect decays  —
of tau leptons produced in vV, — V;
oscillations

* For baseline of 732 km V,; — V; oscillation
probability maximum at ~1.5 GeV

“rom the deek of [Your Mame Here)

* BUT kinematic threshold for V:+n— 17 +p is E, >3.5GeV
I:> High energy beam

Oy
107 * - - )
XD o Rsc™ O cc (A@rbitrary units)

AM2= 3 103ev?2

0.35

Tau threshold

o
N
3]

Muerice at Gran Sasso (pot GeV' m” ,I'r

!
o
N

Oscillation max.

> | low event rate 0.05

0OsA 5 10 15 20 25 30 35 40 45 50
E (GeV)

¥

v“ﬂuence,
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CNGS - OPERA

| » Approx. 150,000 Pb/Emulsion bricks PbEm |
I s * Look for kinks/prongs . N .
w* s | < First need to identify candidate _— 4
i gy i . . . . \Y =
[ttt interactions in Sci trackers N
ul | - Candidate brick removed robotically —

* First full physics run scheduled to start June 2008
* In 5 year run (4.5x101° PoT/year) : expect ~10 signal events, ~1 background

* understanding background crucial

By end of year may have first tau candidate
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MINOS Physics : v, = v,

Electron Neutrino Appearance

* Search for /,, — 1/, oscillations is a hot-topic in neutrino physics
* Vital for longer term projects to probe CP violation in the neutrino sector as
CP violating terms in PMNS matrix enter multiplied by sin 63

[ U,i Usp Ups \ /1 0 0 [ C13 0 S}ge_iS\ / C12 S12 0\
UulUuzng)Z(O C23 S23)><( 0 1 0 )X(—S126120

\Utt U Uz ) \O —s3¢3/) \[=s3¢0 ¢35 / \ 0 0 1)/

* This is a very challenging analysis in MINOS
= course sampling  »
= events have relatively few “hits”
= event rate low <20 events in current data

= large background from NC interactions:
70 in hadronic shower = EM shower

NC - Ve C C g “thm_LL._—__
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* MINOS currently developing sophisticated event ID algorithms

* MAIN problem : Large uncertainties in NC background from MC
* Use Near Detector to provide data-driven bacquound estimate

* By 2010, MINOS will have sensitivity down to sin 2203 ~ 0.06

MINOS Projected 90% Exclusion Region

2j|' | 1 I I | I | 1 1 I I | I I I I |
: -- CHOOZ 90% CL i
1.5+ =3.25x10% POT AmZ, > 0 (2008, 10%)  —|
i —3.25x10%° POT AamZ, < 0 (2008, 10%) ]
- - —6.5x10% POT Am2, > 0 (+ ~1 year, 5%) |
=4 i =9.5x10%° POT AmZ, > 0 (+ ~2 years, 5%) |
g 1— —
UO - .
0.5 .
- |A m2| = 2.4x10%eV? |
- : sin’(29,,) = 1.0 i

0 [ Y B T T R T R R R R R S

0.1 0.2 0.3 0.4 0.5
. PRELIMINARY
sin’(20,,)

013 Focus of next generation experiments
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Future Experiments: Off-axis

* Main problem in searching for v, — V. is the NC background

* Mainly comes from higher energy (i.e. above oscillation max) neutrinos
* Solution : produce narrow-band beam

* Achieved by placing far detector off-axis

e.g. NuMI beam for NOVA
T T T T | T T T T | T T T T

T I. | T T

30 _ rates for L = 810 km .,"' ..t —

Far
Near Detector

Detector @
Decay Pipe /ﬁ'

TargetHorns
— v

*Two (?) projects in near future:
* T2K (2010-)
* NOVA (2017?-)

25 | . -

20 L o . -

15

10

v, CC events/kt/3.7E20 POT /0.2 GeV
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Future Experiments: T2K

. . . . [GDs
= Tokai to Kamioka ECAL TPC
Magnet
‘ & ) ' yoke
LT ol
s | Magnet
- JJ : o ] coils
-ng s "'Pi:-'(f s o
Sgu:rl(ammlmnde ~295kn
y *—WM
> Sl,K T ane R Kﬁ\aJP}\HC
‘ 4._..-,#5"Gi;u -.-' k"r"ll '. h‘{m is il
_;ﬁz‘,ﬂmoua ; ;ﬂ.:??u;‘?‘?u
oo (M g0 NG A ’ )
> i v beam
[:'Iallill.é;ll .::\ - 4200 mi S ETE B kn aaveno
Far detector: “Beam Profiler” Near detector:
= Super-Kamiokande = at280 m = at 280 m

= at 295 km " on-axis = off-axis
= 2.5 degress off-axis = Fe/Sci Tracker = Calorimeters + Trackers + TPC
= Measure beam profile = Inside UA1 magnet

= POD : Scintillator fibre to

= First beam operations ~April 2009 measure NC =% content

= First physics beam run ~2010
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T2K v, = v,

* Look for excess of 1-ring e-like events in Super-K

Expected number of events at SK (0.75kW beam x 5yr) 90% C.L. sensitivity

10°1 (0.75 KW beam x 5yr)
BaCkg rounds NA T o o 3 I foum o e S D (S Y TR R
sin220,4 Signal % S
v, induced Beam v, Total (:;, e o] L
E ' """ gl D """" )
0.1 103 5 T -
10 13 23 —— 103l L ;
0.01 10 N ===

20x improvement wrt to current limit

1 0-3 _;:,“:,:.é::::,:: ,
NOTE: —
Il - A I A B R
* Signal may not be large | i R
* Must understand background in detail ol ] b L T
. . . -3 -2 -1
= beam v, irreducible, but diff. spectrum 19 i % sin220,,

= NC events with ¥ — YY which gives
only 1 reconstructed ring sin?20,5 ~ 0.008 (8p = 0,7)

* Near detector vital to understand this background
* how well this can be achieved, may determine ultimate sensitivity

* may not be trivial as ND and FD are very different...
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To 1 APD pixel

typical

charged «*

particle
path

&

* 810 km baseline: Fermilab to Ash River ¢
* Upgraded NuMI beam (400-700 kW) -
* Liquid scintillator detector (off-axis)
= high granularity -
= little dead material
* l]ow density = large detector
* Main physics goal: Vy — Ve
* Because of longer baseline, sensitive to matter effects
* By comparing results with T2K may be able to resolve mass hierarchy,
and if 0;3 large mixing, possibly some sensitivity to CP
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Conclusions

We have entered the age of LBL neutrino oscillations experiments:

* First generation (K2K) confirmed Super-K atmospheric neutrino results

* Second generation (MINOS, CNGS/OPERA) give precise measurements
of atmospheric neutrino sector ]Am%zl and

* Second generation (OPERA) will(?) confirm Vy — Vz hypic_)gr_lgsis

* Second generation (MINOS) may make first measurement of ! 6, i

* Third generation (T2K/NOvA) should determine| ;3 o

* Third generation (T2K+NOvA) may resolve| mass hierarchﬂ

and may have some sensitivity to| 0

* By middle of next decade could have a fairly “detailed” understanding
of the neutrino mixing sector

é * What if 6,3 ~ /4 andlor 0;3 ~0
* Theoretically very interesting, but experimentally challenging
Nevertheless: strong and coherent experimental program
LBL experiments central to understanding of the neutrino

Physics in Collision, 27/6/2008 Mark Thomson

32



	Long Baseline Neutrino Experiments
	Long Baseline Neutrino Experiments
	Neutrino Oscillations in the “SM”
	 Neutrino Beams
	Neutrino Horns
	MINOS Near Detector
	Event reconstruction
	Event Identification
	MINOS Physics: nm disappearance
	Precision Neutrino Physics
	Extrapolating to the Far Detector
	The Beam Transfer Matrix
	Future Experiments: Off-axis
	Future Experiments: T2K
	T2K nm  ne
	Future(?) Experiments: NOnA
	Conclusions


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


