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* NAG1: the experiment to study hadron production in hadron-nucleus and
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NA61 (SHINE): PHYSICS GOALS

SHINE = SPS Heavy lon and Neutrino Experiment

Physics of strongly
interacting matter

Discovery potential:

Search for the critical point of
strongly interacting matter

Precision measurements:

Study the properties of the onset
of deconfinement in nucleus-nucleus
collisions

Measure hadron production
at high transverse momenta
in p+p and p+Pb collisions as
reference for Pb+Pb results

Data for neutrino and
cosSmic ray experiments

Precision measurements:

Measure hadron production
in the T2K target needed for
the T2K (neutrino) physics

Measure hadron production
in p+C interactions needed
for T2K and cosmic-ray,
Pierre Auger Observatory
and KASCADE, experiments




NAG61 : Physics Goals (I)

= One of the main physics goals of NA61/SHINE:

Precision measurements of hadron production

for prediction of v-fluxes in the T2K experiment

* T2K @ JPARC (Japan):
- Long baseline (295km) neutrino oscillation experiment

- Protons (30-50GeV) + carbon target (90cm) — intense off-axis v,—beam

- Neutrino spectra measured at the near and far detectors: ND280 and SK
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NAG61 : Physics Goals (IT)

= Main aims of T2K: P il fl';m
K-gz"""ﬂj' ':‘ '~i T (normalized by SK ﬂux)
o Search for and measurement of the v, — v, appearance e
» improved sensitivity to the so far unknown mixing angle 6,, =~/ %
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o Refinement of v, disappearance measurements Far/Near ratio

» improved determination of 0,; and Am?,,
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= Both analyses rely on the comparison of v spectra measured o3
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at SK and the extrapolated spectra at SK from the ND measurement:
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* Far to Near (F/N) ratio R: is not constant with respect to the v energy and

therefore depends on the particle production properties
— To fulfill the T2K goals detailed information on the pion and kaon
production off the T2K target is needed!



Simulated distributions of pions and kaons whose daughter neutrinos pass through the SK
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The goal is to reduce the error on the F/N ratio to a negligible level compared to other
contributions to the systematics (ND280 spectrum measurements, cross-section,
efficiencies, etc.), therefore we aim at: 6 (R ,,c) <3%

In order to reach this precision we need ~200k reconstructed t* tracks (at the same
time we will collect a similar number of ” since the NA61 acceptance is symmetric)

We also need to measure the K/n ratio with an uncertainty of: 6 (K/n) <10%



NAG61/SHINE — Fixed Target Experiment at CERN SPS
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" Large Acceptance Spectrometer for charged particles

= TPCs as main tracking devices

= 2 dipole magnets with bending power of max 9 Tm over 7 m length (2007-Run: 1.14 Tm)
= New ToF-F to entirely cover T2K acceptance

* High momentum resolution

" Good particle identification: o(ToF-L/R) = 60 ps, 6(ToF-F) < 120 ps,

o(dE/dx)/<dE/dx>= 0.04, o(m. ) =5 MeV

mv.




NAG61 : Forward TOF (2007)

total area 577 x 120 cm? PMT R1828
51 mm &

64 scintillator bars readout on both sides

128 readout channels

15
light guide -

top view B | B 23
] /|3 3 3

front view

scintillator BC-408
1200 x 100 x 25 mm3

\

120 cm

120 cm
10 cm
577 cm
64 staggered scintillator bars ] ]
(10 mm overlap) Si cookie PMT

8 scintillators mounted on a single frame — 8 ToF modules



NAG61 : TOF Acceptance
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NA61 2007 DATA TAKING

NA61 experiment was approved in June 2007

2007 run: September 27 — October 29:

- test of the PSD super-module with beams of muons and hadrons,

- optimization of the proton beam at 31 GeV/c, detector setup,

- pilot data taking with 31 GeV/c protons on the thin (2 cm) C target,

- pilot data taking with 31 GeV/c protons on the T2K replica (90cm) C target,

- TPC read-out test with the "FE Tester"







NAG61 : Beamline setup

C1 g1 €2 S2V0 V1  Target S4
m— | I I
I I VTPC] Beam
BPD1 BPD? BPD3

" 30.9 GeV/c secondary hadron beam from CERN SPS
= protons in the beam identified by a differential Cerenkov C1 (CEDAR) and a
threshold Cerenkov counter C2

* beam composition: 83.7% =, 14.7% p and 1.6% K
" incoming proton selection _

* S1¢S2e¢VeC1-C2

» beam particle trajectories measured by beam position detectors (BPD-1/-2/-3)
* minimum bias interaction trigger

e proton particlesS4



NAe61 : Targets in 2007

V f s _ T2K Répliex

Thifi Carbofl | 1“ N
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= 2 different carbon targets (isotropic graphite)

Thin Carbon Target T2K replica Target
- length=2 cm, cross section 2.5x 2.5 cm? - length = 90 cm, ¥=2.6 cm
-p=1.84 g/cm? -p=1.83 g/cm?
-~0.04 A, -~1.9 A\,

* During October 2007 Run (~30 days):
- taken pilot physics data for T2K with 30.9 GeV/c protons (~2 weeks)

Thin target: ~670k triggers Replica target: ~230k triggers
Empty target: ~80k triggers
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NAG61 : Beam properties during 2007 run
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NAG61 : Cross-section normalization — Trigger Cross-section

= Trigger Cross Section 6,;,,,,

- Determined by the interaction probability:

P

int

O... = .
trigger ,OLeff NA /A with

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

Target properties:
p: density

abs

P

abs— ,0N AO_

» ) (l_e—L//labs), L: length

N,: Avogadro number.

A Atomic number

probabilities obtained with and without target:

L. effective length
Aps: abs. length

int

. RateTargetIN — RateTargetOUT

Rate

BeamTrigger

— Margetin — I:)TargetOUT

= Interaction rate (2007 Data):

- Empty target:  (1.72+0.01)%

- Thin target:

(7.07£0.01)

- L.=1.95 cm:

Gtrigger

=297.5+0.7 mb




NAG61 : Cross-section normalization

= For the thin target data the goal is to present data both in terms of yields and
inclusive cross sections

— NA49 approach is followed (Eur. Phys. J. C45 (2006) 343):

- Gyyigger €N then be used to determine the invariant inclusive cross section:

3

d
f(XF, pT): E(XF» pT)°d—po3-(X|:a pT)

which is experimentally defined by the measured quantity:

Gtrigger . An(XF 9 pT ’ Ap3)
N Ap’

ev

b

fmeas(XF9 pTaAp3) — E(XFa pTaAp3)'

Ap?: finite phase space defined by the bin width, N, : # of evts off the target,

An: # of identified particles in a given bin Ap?

— Several steps of normalization and correction have to be applied in order to make
fmeas(xF Pt ’Ap3) approaehf(xF ’pT)
- treatment of empty target contribution, trigger bias correction, effect of finite
bin width, correction for bias from event selection



NAG61 : Interaction cross-section p+C @ 31 GeV/c

" ©;, can be obtained from ¢, by applying the following corrections:

1) Subtract the 6, ;. contribution, i.e. remove those events where the primary particle undergoes
a large angle coherent elastic scattering on the target nuclei and does not reach S4

2) Add the 0,y , contribution, i.e. take into account interactions where a secondary proton hits S4
and therefore prevents from triggering on the event. The major contribution comes from
incoherent elastic scattering of the incident protons on the individual nucleons of the nuclei
(quasi-elastic scattering)

3) Add the 0, /x contribution, i.e. take into account interactions where a secondary pion or kaon

at high xg hits S4 and therefore prevents from triggering on the event

C . = 300r
¢ contribution Value = Statistical anas
?280 [ errors Ollly v Dzniesolz’n
Gtrigger 29705:I:007 mb DE I \ A Carroll
<t [
. . m i
Statistical Gloss-p 5.8+0.2 mb g *g 260] *+ . #
errors = % S : o,y
only! Gloss /K 0.6:0.1mb |3 £O 240}
Oelastic -49.2£0.6mb | S A E 220
Ginteraction 254.7£1.0 mb 2006 — ‘2\0‘ . ‘4\0. T R

60
P Beam [(JeV/C]

— Preliminary value for the 6, , is in good agreement with previous experiments

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



NAG61 : Status of 2007 data analysis

= Step 1: Detector geometry and alignment, TPC drift velocity, space points,

residual distortion correction, database, ...

\/

— event reconstruction

\4
= Step 2: Magnetic field calibration, ToF calibration, dE/dx calibration, ...

v First round of calibrations done
X Some refinement still needed

— DST and mini-DST for physics analysis

\4

= Step 3: physics analysis including particle identification, acceptance and
efficiency corrections, cross section normalization, ...



NA61 : Geometry and TPC drift velocity calibration

Residuals before and after calibration for:
-detector geometry
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Run: 5638
Event: 3411

Number of tracks: 6 (11)
Number of vertices: 2




NA61 : TRACKING PERFORMANCE (2007 DATA)

TPC cluster parameters

i : B Momentum fit Vertex fit
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NAG61 : Example of event reduction for 2007 data

Current set of event and track quality cuts for the thin Carbon target:

Total number of events processed:
Cut on the BPD position:
Successful vertex fit:

Cut on the vertex z position:

Total number of primary tracks analysed:

Cut on the minimal number of points in VTPCs:

Cut on the ratio of measured and potential points:

Cut on the Bx impact parameter:
Cut on the By impact parameter:
Cut on the number of potential points:

among those positively charged:
among those negatively charged:

Primary tracks with associated FTOF hit:
positively charged:
negatively charged:

671714

522893 (77.8%)
403417 (60.1%)
277288 (41.3%)

1044560 (multiplicity 3.77)

1013212 (97.0%)
1012413 (96.9%)
921265 (88.2%)
907734 (86.9%)
894383 (85.6%)

573550 (64.1%)
320833 (35.9%)

116491
45787



NAG61 : NEGATIVELY CHARGED HADRONS

Angle [mrad]

Pions which produce neutrinos

Raw distribution of negatively charged hadrons

measured by NAG61

measured by Super-Kamiokande E
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m- = h” -small (5%) corrections
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NA61 : T2K {p-0} plot (positively charged particles with FTOF hit)

Momentum vs Theta Plot (FTOF Pos) hMomThetaTofPos
Entries 116491
- 0.5¢ Mean x 4.659
=3 = leferent colors for different types of reconstructed tracks: | Meany 0.08065
g ﬂ.45:— f-‘:_’.i_ VT1 + MTL RMS x 2.459
3 04 VT2 + MTL RMSy 0.06299
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NAG61 : TOF resolution

ToF-F and ToF-L/R resolution after calibration for:

-detector geometry
-time off-set

n 250
Q B =
t [ ToF-F G/\2 =120 ps s ToF-L/R ©=100ps
c 5
u 200 I
: 60 -
150
: 40 -
100~
501~ 20 |
_I III|III|I\I|IIIIIIIIIIIIIIIl |—|I
-POOO -800 -600 -400 -200 O 200 400 600 800 1000 0 L
t[ps] -500 0 500
T-T_ [ps]
time difference between time difference between
two overlapping scintillators measured and calculated values
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NAG61 : Specific energy loss measurements in TPCs

dE/dx resolution after calibration for:

Entries

-time dependence of the gas pressure
-residual time dependence

-charge loss during the drift
-differences in the sector gains

-differences in the amplification in the preamplifiers

-edge effects at sector boundaries

450 ;_ |:| Positive Particles 8 100 N |:| Positive Particles
gg ; |:| Negative Particles -l‘é' 80 C D Negative Particles
300 E_ p=5 GeVic w E_ p=15 GeVlc
250 £ 60 E
fg 3 p=5 GeV/c a0 p=15 GeV/c
100 & -
C 2 —
50 0 B
e e L I L | S R R
gl A e s 2 08 1 12 14 16 18 2

Energy loss (MIP)

= dE/dx resolution ~ 4-5 %

Energy loss (MIP)
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NA61 : PID by dE/dx and TOF measurements

Positive Particles

m? [GeV~</c™]

Negative Particles
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NAG61 : PID by combined dE/dx and TOF measurements
ToF-F and TPCs
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NAG61 : Acceptance and efficiency studies

= Corrections to the raw spectra to determine acceptances and efficiencies are calculated
using the NA61 simulation chain which includes:

- event generation: primary interaction (VENUS,...)

- particle propagation through the detector (GEANT 3.21)
- distortions and TPC digitization

- embedding of simulated raw data into real events

- reconstruction of the simulated data

Example of acceptance studies for for 2 AD (=30°) wedges at ®=0° and d=180°
positive tracks that reach ToFs [ P-Thetas AllToF |

5]

[=]
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NAG61 : First look at 2007 T2K replica target data

= T2K replica target data will allow for the study of secondary interactions

il

Proton origin

Non-proton  V
arigin

=  First look at data

T2K Replica Target Vertex Distribution

g
5




NAG61 : Analysis strategies for T2K

Strategy A:

- Measure the invariant inclusive p+C cross section with a thin target over a broad
kinematical range and different particles (7, 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 (e.g. FLUKA)

- Compare the MC predicitions to the /K yields measured off C-targets of different
lengths (e.g. T2K replica target) and adjust the model accordingly

Strategy B:
- Measure /K yields off the T2K replica target
- Use measured /K yields as input to the beam MC

(no simulation of secondary interactions required)

Work in progress



NAG61 : Original plans for 2008 run

=  ~50 days of beam time were foreseen for September — October 2008
— T2K and cosmic ray measurements
= NAG61 Coll. decided for a TPC read-out and DAQ upgrade before the physics run

- an (crucial for NA61 physics program)

- new TPC read-out electronics and DAQ designed and tested in 2008

- total cost 400 k CHF

- the production and installation of the new electronics was completed by mid September
- during the commissioning phase the

New
motherboard
(1 out of 250)

= [In addition to the TPC upgrade
- upgrade of Data Control System for gas, LV, HV and trigger systems to new PCs
running Scientific Linux (in place of old Macintoshes)
- commissioning of new beam position detectors of 5x5 cm? area (instead of 3x3 cm?) to
fully cover cross section of the T2K replica target



MTPC motherboards




NAG61 : 2008 data taking

* Due to the LHC incident the CERN directorate decided to stop the SPS extraction to
the North Area on October 6 at 06:00 am

To: the Spokespersons of the North Area fixed target experiments

From: J. Engelen, CSO

Following a careful analysis and aiming at an expeditious start-up of the LHC
injectors after the 2008/2009 Winter shutdown and at a minimization of the
beam time lost for the North Area fixed target programme it has been decided
to stop SPS extraction to the North Area on October 6 at 06:00 am.

A large part of the beam fime lost this year will be recovered next year.

| apologize for the inevitable inconvenience this decision causes to you and

your collaborators but | am sure we can count on your understanding.
=  What we achieved

- First try of full TPC readout with new DAQ. Stable operation at ~70 Hz, but still
some futher developments needed to integrate other subdetectors in the DAQ;
observed digital noise in 10% of TPC channels to be eliminated before 2009 run

- Tests of the new BPDs, data to be analyzed, some instabilities observed

- Setup of interaction trigger for 30.9 and 75 GeV/c beam and measurements of

trigger rates for p, @ and K to understand systematics for o, , determination



TPC read-out and DAQ upgrade

-the new TPC read-out electronics was produced,
installed and tested,

-the new firmware and DAQ software were written
and tested,

-the event rate up to 70 Hz was achieved

(10 times more than NA49),

2008 pad number distributions for clusters on VTPC-1 tracks
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Physics data with TPCs were not recorded due to run stop on October 6, 2008




NAG61 : Plans for 2009

Date: Mon, 3 Nov 2008 16:40:04 +0100
From: Marek Gazdzicki marek@mail.cern.ch

To: nab1-all@cern.ch
Subject: NA61 in 2009

Dear All,

Many thanks for your contributions to and participation in the last collaboration
meeting!

During this meeting as well as during the last collaboration board

we discussed and fixed our plans for 2009.

The NA61 memorandum submitted to the SPSC

and the NA61 beam request submitted to the SPS Coordinator

include:

-request for the test run in the period: May 18-24, 2009 and

-request for the physics run in the period: August 12-November 16, 2009.

Best regards,
Marek



mailto:marek@mail.cern.ch
mailto:na61-all@cern.ch

NA61 : SUMMARY (I)

- NAG61 experiment was approved at CERN in June 2007,

- the pilot run was performed during October 2007,

- calibration of all detector components have been performed successfully
- preliminary uncorrected spectra have been obtained,

- high quality of track reconstruction and particle identification
(similar to NA49) has been achieved,

- a preliminary result on the total inelastic p+C cross section
at 31 GeV/c was obtained,

- the data and detailed simulations confirm that the phase-space
needed for the T2K measurements is covered,

- first physics results from the 2007 run are expected soon




NA61 : SUMMARY (II)

» Significant progress in data calibration and analysis during last months
= See status report to SPSC: http://cdsweb.cern.ch/record/1113279
» SPSC positively evaluated the calibration and analysis of the 2007 data
» Good quality of 2007 data, though limited in statistics
= 1st round of calibrations completed (TPC, ToF, dE/dx)

= Until now only thin target data analyzed. Work on replica target starting

» The next step is to get acceptance and efficiency corrected distributions for
n and K and to extract cross-sections

» We will hopefully be able to recover this year‘s lost beam time during 2009
run

= NA61 submitted beam request for 2009 — 3 months of beam time

» Important to have a large participation of NA61-T2K group during that
run

Thank vou for your attention
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