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NA61 (SHINE) - Physics program

> Measure hadron production in
the T2K target needed for the
T2K neutrino physics

> Search for the critical point of
strongly interacting matter

Measure hadron production in
p+C, (n+C) interactions needed

> Study properties of the onset of for T2K and cosmic-ray Pierre
deconfinement Auger Observatory and Kascade,

experiments
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NA61 (SHINE)- Physics program - T2K (I)

Very important goal of the NA61 (SHINE) physics program is :
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NEUTRINO BEAM

295 km

T2K (Tokai to Kamioka) at J-PARC (JAPAN):
Long baseline neutrino oscillation experiment
Measurements of
and

» Protons (30GeV) on carbon target (90 cm)->Intense off axis v-beam

» Neutrino event rates measured at near (ND280) and far (Super-Kamiokande)
deteCtOI’S Magdalena Posiadata, University of Warsaw

SdA®90S




Far-to-Near Ratio (Rg/y)

v spectrum at far side is different
even without oscillations; effect
oft non-point like source ’

detectors see.  [EEERNBRX .

far detector point like source at
2.50

near detector extended source
from 19 to 3° (wide off-axis
range)
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R — (I)MCFar/ PpMC

Near

= dependence. firom hadron production models

Differences between hadron
production models
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20% for E, <1 GeV

Ratios of F/N ratios
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In order to reach this precision we need 200k reconstructed n* tracks. At the same time
we will collect a similar number of 7 tracks since the NA61 acceptance is symmetric.

We also need to measure K/x ratio with uncertainty of 5(K/n)<10%




NA61 (SHINE)- Physics program - T2K (II)
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NA61 (SHINE)- detector performance
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» Large Acceptance Spectrometer for charged particles

> s as main tracking devices
> 2 dipole magnets with bending power of max 9 Tm over 7m length

> New ToF-F to entirely cover T2K acceptance

> High momentum resolution op/p2 = 104 GeV/c

> Good particle identification

> Good ToF resolution:
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Setup of Beam Line
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BPD1 BPD2 BPD3

. Secondary hadron beam composed of 83.7% T, All Beam Particles Triggered Protons

14.7% p and 1.6% K*

= Proton beam particles identified by CEDAR (C1)
and

threshold Cerenkov counters (C2)

= Incoming p then selected by several scintillator
counters (S1, S2, VO, V1)

— beam defined as B = S1.S2.V.C1.C2

12 14 16 18 12 14 16 18
dE/dx [MIP] dE/dx [MIP]

Beam Spot at BPD3 Beam Divergence

mean=-2.1e+01
rms=1.1e+02

Entries

o

= Trajectory of beam particles measured by the
beam position detectors (BPD-1/-2/-3)

= Interactions in the target selected by anti- ; o
coincidence of the beam particle with a small - fboa 5000 et
scintillator S4 (B-S4)




Targets used during 2007 pilot run

f\‘\

=\

> 2cm length, size 2.5x2.5 > length 90'cm, 0=2.6 cm
> p=1.84 g/cm? > p=1.83 g/cm?
> ~0.04 A, > ~1.9A\

int

During October 2007 pilot run (30 days) taken pilot physics data for T2K 30.9 Gev/c
protons (2 weeks)

Thin target: ~670k triggers Replica target: ~230k triggers
Empty target: ~80k trig




Particle identification strategy (I)
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Energy loss (MIP)

log(p / (1GeV/c))

> below 1GeV/c dedicated dE/dx
analysis to identify pions

> for region p=[1,4]GeV/c Bethe
Bloch curves cross each other
making particle separation not
reliable ->additional
information from ToF is -
required 14

> above 4 GeV/c dE/dx analysis "2
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Particle identification strategy (II)

> p~[1-6] GeV/c Time
of Flight (ToF)
measurements

> combined dE/dx +
ToF analysis

e -
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Particle identification strategy (I1I)

Negative particles

> The analysis off negatively
charged particles
from| the primary vertex
assumes, that moest of produced L e
negatively charged particles at T IR | B S 15
31 GeV/c proton carbon log(p /(1 GeVic))

Interactions are

> The remaining fraction includes and number of

» Venus-GHEISHA and Geant Monte Carlo simulation chain is used to calculate
corrections for geometrical acceptance, reconstruction efficiency, weak decays
vertex association.

> Finally corrected spectra of are
obtained.

Energy loss (MIP)
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Preliminary spectra from p+C
Interactions at 31 GeV/c

beam momentum




n~ - results from three analyses
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nt - results from dE/dx and

dE/dx + TOF analyses
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Summary I
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Summary I1
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T2K collaboration __ |I|r...1..|m
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- 477 members, 62 Institutes, 12 countries
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Assembly stage
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12K target

Material: Isotropic graphite (C) : p=1.82g/cm?
Length: 900mm = 1.9 x 4, (85%)
Diameter: $26mm
<> Beam size: 5,=6,=4.2mm
Target is installed inside the Electromagnetic horn
EM horn generate the toroidal magnetic field to correct pions.

Materials between target and the magnetic field:
Cooling tube: t=2mm graphite (C) + 0.3mm Ti-Alloy + 0.5mm ceramic

Pulse current (320kA, ~0.5ms)

Electromagnetic Horn
900mm

Magdalena Posiadata, University of Warsaw



12K offt axis neutrino beam

e (Off-axis beam method
Super-K.

(ref. BNL-E889 proposal)

TargeH

n decay Kinematics

i (myp,)
I =295 km * Oscillation max.
Am?:3 = (2.2~3.0) x 1073 eV? v=0.5~0.7 GeV
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e Experimental method

Timing
(GPS)

-
-

mm———
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NearDetector FarDetector (SK)

Q L = 295 km
_ vV
target/ ” o . 2km detgctor
horn cay pips =y (not approved yet)
e
Om 110 m 280 m 2 km 295 km
0 L i SK
+ [
5 OND e 9 N> exp
J P EEEEEEEN ’ o CDSK
(1) make vy = % exp
narrow-band intense v beam = . extrapolate * >
E y @ A E v
: c
(2) detect neutrino O (3) expect v spectrum in SK o N3Kops
- CCQE interaction for example, ®5Key, = GNDgpe x Ren(Ey) 2 DSK
- reconstruct Ey ¢D|=
- observable = . E >
$ x olcross section) £ 4 v
g
31
(4) evaluate (sin?(28), Am?) by E %I’I?(Z 0)
comparing the number [:NSKexp.; NKobs.) g (disappearance case)
and the spectrum (®exp , PKops.) Amz2 E:
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F/N uncertainties due to "models”

It 1s difficult to evaluate the validity of the hadron production model !!
The uncertainty is probably not less than the difference among several models
inspired by similar data sets

Ratios of F/N ratios
~ G-FLUKA vs. MARS vs. FLUKA i

7+ momentum E_v, flux - SRR N A N TR E TR TR TS
up to ~20% difference! MARS/G-FLUKA FLUKA/G-FLUEX'
Systematical error due to F/N Goal of T2K
v, appearance v, appearance
F/N ratio difference among d(Npc) ~ 15% 8(Npc) < 10%
hadron production models: - v, disappearance >> v, disappearance
~20% @ E <1GeV ) :
5(511112923}~ +0.015 -0.03, E(SIBZZEH)M +0.01,
8(Am,,?)<~ + 5-10 10-5¢V? 8(Am, 2)<~ + 3 10-5eV?

Magdalena Posiadata, University of Warsaw
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Normalization of m spectra

*  The incluzive 1nelastic cross section of a given particle type a

Acps, 11 An, 1N, 1 An,

ApA® a N,  ApA® aN,_ N,

An,
ApAB

Uiﬂ:g

ApAB N

beam rig irig

a: target properties, N,,,: 7 of incoming beam particles,
Ntria: = of triggers, O yig” trigger cross section, Dn: # of identified particles in a given p-8 bin

» The evaluated total inelastic cross section 18 1n good agreement with previous measurements

N

_ mt
Ur’.r:ef - Utn'g N

frig

— provides a good x-check of the measured s, ;  used to the determine the inclusive x-section

Normalization to inclusive nelastic Normalization to mean multiplicity in
cross section mnelastic collisions
ﬁgﬁ:fa Ufﬂh’ "ﬁ"ﬂa ﬂﬂﬁ:;: 1 {Ti”-.!' ‘ﬁnu:
ApA8 N, ApA@ ApA8 N, o, ApAf
[mb | Ge 1% / mr.ad] [1 / GEI% / mrad]
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