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1. neutrino energy E,, almost independent
of parent pion energy

2. horn focusing cancels partially the p-
dependence of the parent pion

In reality things are more complicated and
the predicted n spectrum depends on the
hadro-production data / models used
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v,—Vy disappearance

Basic analysis strategy

Measure 2 flux and energy spectrum with near detectors

Make a v, flux prediction at the far detector by extrapolating the near detector

measure

i

ents to the far detector using a (energy-dependent) far-to-near ratio

prediction from the beam MC assuming no oscillations

Compare the measured v, flux (rate and energy spectrum) at the far detector with the

no-oscillation prediction§l
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T2K v beam

1. predict 2 flux at far detector v beam.,

2. estimate v, background ~

exp hobs
(DSK - RF/N (DND

: : _ far-to-near flux ratio
Near and far detectors see different solid angles: (T2K beam MC prediction)

1. far detector: point-like source at 2.5°
2. near detector: extended source 1° to 3°
(wide off axis angular range)

[ | far peak shifted
o S to higher energy
' ‘? (angular acc.)

Yo 1[’

Far / Near

0.8

= complicated far to near flux ratio

0.6

to predict the v flux ratio correctly need to know

the details of the v parent hadro-production extended source i F J”LL
kinematics for near detector
0.2
instead of hadronization models (Fluka et al.) £ | | | | |
use measured pion and kaon x-sections T 'E'['G'e%f

note: no measurements at these beam energies
(30 — 50 GeV) and phase space (very large angles)



F/N Extrapolation & NAG61

- Spectrum at far site is different from near
site even w/o oscillation

— Effect of non-point-like source
" 12K analysis
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Beam studies I1ssues

Impact of NA61 measurement

far to near flux ratio _
studies based on current

beam MonteCarlo

O
Effects of no ND included (yet)

— K*/nt, K9/t ratio

— angular distribution (p+)

— longitudinal distribution

— target and horns misalignement

\ v + N n.c. 0 prod.

near / far ratio for v, vg, 7°
B statistics required
T2K not statistics limited (vH disappearence)

200k 1t events -> — 2-3 % error on the flux ratio



angle (mrad)

T2K v parent hadron phase space (30 GeV)
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It shows the distributions of = and K giving the v of the T2K beam

need to cover this kinematical region and identify the outgoing hadrons
K component important for v, appearance signal (it represents a background)

need to measure K production with similar precision as = production

requires: large acceptance and particle ID
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Statistics / precision required

a 2 — 3 % error on the far/near flux ratio is required for v, and v

~ 200k =+ tracks are needed (crude estimate)
~ 200k K+ tracks are needed (crude estimate)
In phase space of T2K beam

with a simple interaction trigger (no charge / flavor selection)
for 10° interactions will also have (NB ~ 10% acceptance !)
~ 100k 7~ tracks
~ 10k K* tracks
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Systematic uncertainties due to “models”

It is 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
G-FLUKA vs. MARS vs. FLUKA

Ratios of F/N ratios
up to ~20% difference!
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Improvement that the NA49 data could bring to the T2K results
on atmospheric oscillation parameters:
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d%s" / (dp d©2) (mb / (GeVI/c sr))

HARP Result (p-Al at 12.9 GeV)
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K2K F/N flux ratio prediction

<1 GeV: Cho/CERN >1 GeV: PIMON

K2K / HARP final result errors errors
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HARP: almost factor of 2 error reduction
for all energies compared to previous assumptions
Systematic error on n flux from ~7% down to ~4%



NAGL setup

Target

I

Detector as used by NA49 collaboration:
some upgrades required for NAG61 physics (incl. T2K)




Typical Proton Event




NA49 Cross Sections (158 GeV p beam)

t* statistical errors

total cross sections T 2 200 mrad 2o
(with simple interaction trigger) 3 @ 30 GeV = 1
= B =10 %
a" 1.5 =
Tirig 2823 mb
loss from p 3 98 mb
loss from m, K 0.33 mb : B
contribution from o | -1.08 mb 1 T T LI
predicted 0y, 31.46 mb HETHE
— 05 1 —
p — p collisions au]:
hep-ex/0510009 L ‘ _ .
| : Gl ES EN s | | | |
0 01 0 01 02 03 04 05 06 07
Orrig 210.1 mb -— Xe
loss from p 17.1 mb total statistics (p — C)
loss from 7 and K 2.4 mb -
. Events taken Events after selection
contribution from oy -3.3mb
. Full target Empty target | Full target Empty target
predicted e 226.3 mb -
. 5357k 312k 3776k 118k
literature value 225 8 mb
. . + .
p — C collisions 7" production

hep-ex/0606028



© production

Cross Sections
(Ppeam = 158 GeV)

total systematical error
(t+ and m- production)

Normalization 2.5%
Tracking efficiency 0.5%
Trigger bias 1%
Feed-down (Trom decays) | 1-2.5%
Detector absorption

Pion decay m — pu 41, 0.5%
Re-interaction in the target

Binning 5%
Total(upper limit) 5%
Total{quadratic sum) 3.8%

statistical error ~ few %

~ 400 k reconstructed tracks

f [mb/(GeVic™)
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Kaon
production

~ 510 10 x smaller o
compared to «

systematical error:

~ 5%
(~10 % acc. edges)
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Some data on K production

from NA49 publication
nucl-ex/0205002

Heavy lon data and

pp data (for comparison)

pp data compiled by
M. Gazdizcki
hep-ex/9607004

from this plot
<K+>/<n+>~0.06 — 0.08
at 30 GeV

clearly the situation is not
satisfactory at all
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The 2007 NA61 run

first NAG61 run in October 2007 (~30 days)

~ 2 weeks for set up

~ 2 weeks of data taking
12 days using a thin C target (4% A))
3 days with the T2K replica target

data collected:

- 660 k triggers with thin target
- 220 k triggers with replica target
- 100 k calibration events



Typical proton event

Bearn and trigger definition elements, ’,,Jf"
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Fe
BFD BFDZ2  BPD3 Ve «
Em |I: N ‘ x”'_f_
cDar g 52,10 i . i

incoming beam GTPC ..
definition majority
i | of
large angle track particles
bended back into in this
NAG1 acceptance :
region !
Im‘ %
18m <
vertex resolution o, ~ 5 mm 13.05m B | ToF

momentum resolution Ap/p? ~ 104



ToF Acceptance
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NAGL1 setup 3 ELL

VERTEX MAGNETS
WTH-T WTX-2

MTPC-L

_{_'IF TL

Why the acceptance

is so small in be Ll -
the phase space of el { m .

the T2K beam ? N, VTRC-1 VTPC-2
(i.e.around 10 - 15%) . W
MTPC-R
TPC
horizontal acceptance: ~ 250 mrad ToF
not an issue 0 > 150 mrad

vertical acceptance: ~ 45 mrad !
limited by vertical size of TPCs and ToF

large angle tracks produced close to the
horizontal plane and bend back by B
will be detected:

e.g. for 6 > 150 mrad, A ~ 30° -> 1/12 acc.




ToF Performance (online)
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The Beam

400 GeV  primary production

protons target NAG61 target
= J

 S— »
30 GeV  PID beam particles
nandp CEDAR + Cerenkov
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60

16.2% of protons

40
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The T2K Target

Material: Isotropic graphite (C) : p=1.82g/cm?
Length: 900mm = 1.9 x X (89%)

Diameter: $26mm

<—> Beam size: 6,=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)

\.__‘ !
Co “'J "l.

B (~1.5T)

Electromagnetic Horn
* SN
| Y0Umm



T2K Target replica KEK

graphite
Beam 26 mm dia.

not easy Installation and alignment
2008 run: important to improve on the alignment of the target !
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Trigger setup

51 S2 VO V1 Target 54
| | d VTPCAH
| g Beam
IBF'EH BPD2 I [ Iﬂpna I I
-* -— o e o
-2120cm  25cm -840 cm ~130 cm -390 cm

Trigger definition: S1 & S2 & V0 & Vi &S4
Beam definition: S1 & S2 & VO & V1

Distances are not exact and do not include survey measurements taken at the end of
the run. For more detailed information on beam and trigger see A.Marchionni’s talk.




¥ Trigger counters
Installations

... and S4 between Vertexl1 and
Vertex2 magnets

P New flange NN,




Beam Profiles — Thin Target

Mean histograms
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Beam Profiles — Thick target

Mean histograms
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Trigger: B=S1.S2.C1.C2, S2 28 mm diameter

new BPDs for 2008 with larger active area 48 x 48 mm?




ETHZ

NAGT - p+C @ 30 GeV Data

» Target density: 1.8395 g/cm?.

= Jarget thickness 2.0 cm = effective thickness 1.948 cm.

= “20GeV" magnetic field (Bm=1.14 Tm).

» Note that only limited statistics has been used so far and results are
preliminary.

Target Intaraction rate (%)
out  1.737 4 0.021
in . 7.077 £0.053

Fake trigger = 25%
Interaction probability = 5.34% = 0.06%




ETHZ

NAB1 - p+C @ 30 GeV Data (2)

Using the described procedure from the interaction probability we calculate the
trigger cross section:

Pint : 5.34% % 0.06% = Otrigger : 289.5 = 3.3 mb

= \We can therefore calculate the effective thickness of the targst and correct the
value of the trigger cross section:

L =2 cm, Let = 1.948 M = Owuigger : 297.2 + 3.4 mb

= Using the values of Tloss-pivk 8Nd Talassc CONtribution, obtainea from GEANT4
simulation, we can estimate the value of the interaction cross section:

o contribution l value | comments
Ovgge | 207.2£34mb |
. Oosp | 160+03mb | GEANT4 correction
______ Oloss-K . 045+005mb | GEANT4 correction
Oasstccontributon | -48.1+06mb | GEANT4 correction
Oireticiion | 26525+35mb | Expected: 247 mb




Online Display
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Analysis Plan / Progress

STEP 1: detector geometry and alignment, TPC drift velocity,
space points, residual distortion corrections, database, ...

event reconstruction (by end of Feb.)

\ 4
STEP 2: B calibration, ToF calibration, dE/dx calibration, ...
|

dst and mini-dst for physics analysis
(by end of May)

\4

STEP 3: physics analysis
cross section normalization, acceptance and eff. corrections,
particle identification, ...

!

first results (summer 2008)



Beam Momentum

 beam steered into the TPC (max B)
* Ap/ p ~1% (p spread and TPC resolution)

Momentum
— hMom30
— Entries 965
SENE Mean 30.96
C [ RMS 0.3285
— ¥ /ndf 33.958 / 41
30 = N Constant 29.902 +1.398
— Mean 31.012 +0.016
25 - Sigma  0.21297 +0.01170
20
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momentum vs angle distribution

p+C->h+X - NAG61 data

NO CORRECTIONS __ sq0
applied ! ?g 450
and not weighted for 3 400
acceptance ! £ 350
(raw distributions) >0

250
200

we have tracks over
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Secondary Interactions

Effect of secondary Interaction vs. L,
|s primary interaction dominant?
Fraction of pions from the proton to all the secondary pions.
Absorption

Fraction of pions which stops inside the target.

Multiple-scattering inside the target.
Compare (p, 8) for pions between the generation point and the target surface.

Beam simulation (jnubeam) for several target configurations.

2cm, 5cm, 10cm, 20cm, 45cm, 90cm.
Target material: Pec _
5 T e

=1.82 g/cm3 e ey o
k k2 Pgt = proton origin

Migt = 47 .4cm
Xy=23.5cm /
B el

(dE/dx)min = 3 2MeV/cm T - e 1
(stopped m) i T
prgtgu F oen / e "x non-proton origin Vv

T
= Ltgt
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¥ of particla [/107POT)

Secondary Interactions in the 90 cm Target

. . T2K beam MC (GFLUKA+GEANT?3)
Origin of pions:

All rt 68% proton < 32% non-proton

n in T2K acceptance: 75% proton < 25% non-proton

Pion absorption for (P > 0.5 GeV)
80%: going out <= 20% stopped inside target:

Effect of secondary Interaction: 20~30% level

Target length 90.0 crm

Production point of 7

A g w0 tols' i, > 05 Gel)
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Fracitess %

Secondary Interaction vs. Target Length

Contribution of pi+ {(proton origin) / pi+{All}

| =8¢ of proton=origin pions £ All secondary pions

B == 5K nu flux from proton=origin pions / All nu fux

20 40 B0 11

Target length {am)

K/m ratio

B
o
R
B [ 4
!':
]
L
=
(el [
@
& Fraction of Pl+ stopped inside target
B
o T T I W = 90 10D

Target length (o)

1cm target:
Effect is less than a few%.

10cm target:

Size of effect is ~1/2 compared to
90cm target
— Suitable for Intermediate target.



How to Use NA61 Data in T2K Analysis ?

strategy A:

- measure d?c/dpdQ for p + C -> /K + X with a thin C target

- use the measured x-section as input to the beam MC

(secondary interactions, absorbtion, etc. described by e.g. FLUKA)

- compare the MC predictions to the n/K yields measured off C targets
of different lengths (including the T2K replica target) and adjust the
MC accordingly

strategy B:

- measure /K yields off the T2K replica target

- use the measured =/K yields as input to the beam MC
(no simulation of secondary interactions required)

the difference in the predicted flux at SK with different models
would be an indication of the reliability of the procedure



Summary

n+ / K+ / KO measurements essential to achieve T2K physics goals
beam related sys. errors should be smaller than statistical ones
=R, <2-3%

= 7, K data samples of ~ 200 k tracks required

The NA61 2007 run quite successful:
+ we learned many things on the NAG61 apparatus, beam, ...
+ new ToF wall completed on time and successfully opearted
— very very slow DAQ, effective rate ~1 HZ

Collected enough data (~ 1 M triggers) for a first look at the pC
cross section and secondary interactions in the target

Just started to develop a T2K focused analysis strategy

Look forward to the 2008 fall run
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