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E@F Introduction

Why meson production in proton
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% NAG61/SHINE Physics program

» Search for the critical point of strongly interacting matter
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» Precision measurements:
» Study properties of the onset of deconfinement
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understood

Hadron production in showers not entirely

Transition between low- and high-energy

interaction models

Need phenomenological calibration

Drescher et al,, Astropart. Phys. (2003)
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W NA61/SHINE Physics program - T2K

Main aims of T2K:
o Search for and measurement of the v, — v_ appearance

» improved sensitivity to the so far unknown mixing angle 6,

o Refinement of v disappearance measurements

. L 5 | ‘
» improved determination of 6,; and Am?y @ ND Extra polation (P SK(expected)
\Y > \%

Comparison
T I - v oscillation
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measurement —— V7, £,

; ageee*®
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Both analysis rely on the v spectra measured at SK and the predicted spectra at SK: e sosm—
Extrapolated i N £ ND_, g N5Koep.
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E, E.

PSK (2,

hadron-production
distribution

to predict the v flux correctly details of v parent hadro-production kinematics needed
b
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EEF NA61 detector
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» Large Acceptance Spectrometer for charged particles

» [PCs 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/p? =104 GeV/c
> Good particle identification (PID) :  o(dE/dx)/<dE/dx> = 0.04, o(minv) = 5 MeV

> Good ToF resolution: O(ToF-L/R)=60 ps, o(ToF-F)<=120 ps 7
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Fille MC
Event Display | '39!-:":5-‘ Data Sekction |

Crwerview | Tracks | Tngger |

Run: 5638
Event: 3411

Number of tracks: 6 (11)

Number of vertices: 2




¥ NA61 detector — FOF-F

T2K phase space NAG61 acceptance
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= Setup of Beam Line
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% Targets used during 2007 pilot run

Thin carbon target T2K replica target

< 2cm length, size 2.5x2.5 <+ length 9o cm, ¢=2.6 cm
< p=1.84 g/cm3 < p=1.83 g/cm3

* ~0.04 Ay * ~1.9N.,

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

weeks)
Thin target: ~670k triggers Replica target: ~230k triggers

Empty target: ~8ok triggers 11
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—'@F Particle Identification Strategies (1/3)

< Analysis of negatively Negative particles ' Negative particles p=[5,6] GeV/c |
: g N 2'85 : ! : I S S S
charged particles (h- analysis): U | | I e
S | |
(T.Palczewski, Soltan Institute for Nuclear Studies) 8 20 ]
b 2 ‘ 15
g 18 10 ]
£ qef ]
< The analysis of negatively T 3
charged particles from the primary :: "
. ] i 5 1ogg : ‘ '
ol 3 Gabi it 1 i o )

: : 0 T I r \“‘\'FJ‘N"‘\ il I\I”Jl T
negatively charged particles at 30 GeV Wow w1 L

proton carbon interactions are JT” mesons. g 1 eVl

< Theremaining fraction includes K-, e~ and negligible number of anti-protons. This admixture can be corrected
using Monte Carlo Simulation.
< Venus-GHEISHA and Geant Monte Carlo simulation chain is used to calculate corrections for
<  geometrical acceptance,
<  reconstruction efficiency,
<  kinematic smearing,
< decays
< and non pion contamination
< Finally corrected spectra of =" mesons in broad momentum range are obtained.

12
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;T; Particle Identification Strategies (2/3)

Positive particles
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Combined energy loss and
Time of Flight
measurements :

(S.Murphy, UniGe-DPNC)
< p~[1-6] GeV/cTime of
Flight (ToF) measurements

particle momentum (p) and track length (1) are precisely measured in the TPCs
tracks are then extrapolated to the ToF and associated to a scintillator which
gives a value for t.
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Particle Identification Strategies (3/3)
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Preliminary results — 1+
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Preliminary results — mt-
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E@F Model predictions — 1t-
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The general trends of the obtained distributions

are similar to that generated using monte carlo models
VENUS, HSD, GiBUU, UrQMD, Geants, FLUKA
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——_,W Status and Plans

which precisely measures the particle production needed for T2K experiment
and cosmic ray experiments

® Thin target: for the determination of inclusive cross sections
e T2Kreplicatarget: for the study of secondary interactions in the T2K target

Preliminary T+ m- inelastic differential cross sections in polar angle intervals were
obtained (thin carbon target)

The work to minimalize systematic biases is in progress.

The dependence on the details of the MC generators is also under study.

In 2009 year three weeks were dedicated for T2K measurements. We registered 6 milion
interaction triggers for the thin target and 4 milion for the T2K replica target. (calibration

is in progress, available soon for analyses)

Increased statistics will allow us to obtain kaon cross-section results

18
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4=  NAG61/SHINE Physics program - T2K - NA61 - R = DMC, | DMC

ETF

dependence from hadron production models

Ken Sakashita — T2K, NA61 collaboration

Ratios of F/N ratios Differences between hadron
" production models

| ‘.;'
| " : SRv,~20%
g3 ol 4 =
EL ok % ¥T k| e 1) X s 20% for E, <1 GeV
0 ;&*( W ix}ﬂ( 1?' :'YWQ*X‘ X N

) o;r ' o -
08} oot -
) o4 i aim: ORv ,<3%
0 o% ¥ u
ORI R ‘[‘(;2,,‘:‘ R S TR R LR S

MARS/G-FLUKA FLUKA/G-FLUK%"

In order to reach this precision we need 200k reconstructed m* tracks. At the same time we will
collect a similar number of 7t tracks since the NA61 acceptance is symmetric.

We also need to measure K/x ratio with uncertainty of d(K/mw)<10%
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_‘g; Thin carbon target and T2K replica target

Use different methods and cross checks to precisely measure the inclusive p+C cross section

with a Thin Target over a broad kinematical range and different particles (m, K, p)

Use the measured cross sections as input to the beam MC for generating the primary

interaction. Secondary interactions, however, will be described by hadronization models

Compare the MC predictions to the /K yields measured off C-targets of different

lengths (T2K Replica Target) and adjust the model accordingly

Measure /K yields off the T2K Replica Target

Use measured /K yields as input to the beam MC

(no simulation of secondary interactions required)

— Comparison of both approaches at the level of neutrino fluxes will provide

an additional estimation of the uncertainty

Claudia Strabel, ETH Zurich
For the NA61/SHINE Collaboration 2 2
Lake Louise Winter Institute
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—,@; Cross section normalization

= The inclusive inelastic cross section of a particle type a can experimentally be expressed by

n: target properties,

Nieom: 7 of incoming beam p,

meas
AO'inel,oz . 1 Ana - Nn"ig Ana - Otrig Ana N, # of triggers,
ApA9 anBca‘m_ APAQ njVBcam NtTig ApAB N'tr'ig ApA9 O,,;g trigger cross section,

An: # of identified particles

a=m, K,p

in a given bin p-6 bin

— Oy, thus involves the trigger rate and the target properties

. . ,_L//\abs p: density, L: length
1 Ntriq 1 P Leff - /\a.bs (1 € ) N,: Avogadro const.
Otrig = — - = int _ .
ra T "Vbcam /)L'c ff N A / A m Aabs _ A A: Atomic number
L g effective length
P N AOtrig
b @bs. length

- The real interaction probability (P, ) is calculated as the difference of the rate obtained with

int

and without target: N e
I)?nt — Tin - Tout — me —_ 1’—)7*0“r
RBeam ‘ A
- Interaction rate (Data):
- Target out: (1.72 = 0.01)% Ourig = 297.0 £ 0.7
- Target mn: (707 = 001)% 9 i 0 High T /T, rate due to
. g£=—="=243% inelastic and elastic interactions
- LEff = 1.95 cm RT.-. in the maternal of the beamline
Normalization studies done by C.Strabel under supervision of A.Marchioni, ETH Zurich 23
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—,@; Inelastic cross section

= O, can be obtained from the o,,, by applying the following corrections:

1) Subtract the contribution of elastic interactions due to large angle coherent scattering
2) Add the contribution of lost events where a secondary particle hits S4. Here, the major

contribution comes from quasi-elastic scattering of the incident protons (oy,,,)- Also

secondary pions or kaons hitting S4 have to be taken into account (O, x)

— Corrections have been estimated with Geant4 simulation = 300 B NAGH
= ® Bellettini
i i —_: 280 Y l.)cni\n\'
o contribution | value (mb) 5 - ot
Otrigger 297.5 0.7 260 o & {
e 5.8 £0.2 240: '
Oloss—m/K 0.6 =0.06
Oelastic contribution | -49.2 £0.6 220 — stat. error
syst. error
A i) 254.7 =1.0 MO0
e 200y 20 40 60
l) Beam [GC\]/(.]

— Prelimimary NAG61 value for o, 1s In approximate agreement with previous measurements

Note, that for NA61, Bellettim1 and Carroll o,,,, = O,y — O.jautic;, Whereas for Denisov o,,... = Oiot — Oelnstic— Oqe

G. Bellettini et al., Nucl. Phys. 79 (1966) 609, S_P. Denisov et. al. Nucl. Phys. B61 (1973) 62, A_ Carroll et al., Phys. Lett. B80 (1979) 319
(Recalculated by adding o_,)

Normalization studies done by C.Strabel under supervision of A.Marchioni, ETH Zurich 24
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