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Neutnno ux In 12K & hadron production measurements

~95% of the vy flux at SK comes from n+ decay. Need to look at different sources to understand which
fraction could be constrained by auxiliary hadron production measurements. ~560% of the ve flux from p*
decay produced in the same n* decays ---> Ve flux partly constrained by the same data !

T2K simulation NA61 measurements

<+—» Long target measurements
for v, flux from ##|  ® reconstruct tracks without vertex
(GCALOR model)| constraint
e packward extrapolation to the surface
of the target in bins of (p,0,2)
e re-weight multiplicity of all T exiting
=i the target in the T2K beam simulation
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: "PILOT analysis" presented here
b, R e (first time we try to constrain v flux
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“‘ model prim_+sec_ interactions B GV predictions Wlth |0ng target data !)

' in one go
- <+—» Thin target measurements
/“/A("/' e reconstruct tracks fitted at primary
4 vertex in target in bins of (p,0)
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(see talk+poster by M. Posiadala)
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e re-weight multiplicity of secondary n
simulated by the T2K model
(see next talk by V. Galymov)
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The NAGT/SHINE setup In PID capabllities

Short description of the NA61 setup (for more details see talk & poster by M. Posiadala, S. di Luise).

Particle identification in NA61 is based on both

SPS extraction+ target
p 400 GeV + H2 beamline
embedded in 2 super-conducting
magnets with bending power set secondary beam

at 1.14 Tm to optimize the
acceptance of the measurements
for T2K at the set B field;
resolution o(p)/p < 1% up to
12 GeV/c
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especially constructed to enlarge the
acceptance of the measurements for
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T2K;
used in the LT analysis;
resolution o ~115 ps
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for T2K

Positive particles
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The NAGT/SHNE long target measurements

Feasibility of the measurements is based on: 3. backward extrapolation to the surface of the target
1. achievable resolution of track parameters 4. knowledge the beam & target relative alignment

2. maximal coverage in (p,0)

5. normalization to protons on target
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* topologies based on momentum measurement (single or double spectrometer)
* topology dependent track quality cuts to optimize p and 8 resolutions at first
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The NAGT/oHIN

— long target measurements

1. achievable resolution of track parameters

3. knowledge of the beam & target relative alignment
2. maximal coverage in (p,0)

4. backward extrapolation to the surface of the target

5. normalization to protons on target
o w0 10 0 20 a0 w0 e s ° 2007 target alignment procedure not precise enough (improved in 2009/2010 )
_ — e gnalysis based on effective 90 cm target
%3;_ tilt x ~5 mrad
: tilt y ~2.8 mrad
2 rupstream

1 Lface

R
of ‘:
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P > beam
* trajectory of each beam proton precisely
2f

* target is divided in 6 bins:
reconstructed and extrapolated on the upstream
downstream face

- 5 longitudinal bins of 18 cm
face of the target
90 cm away ! e set of beam quality cuts

- downstream face
e TPC tracks extrapolated back
o on the surface of the target
1 0 1 2 3 1
X (cm)
0 50 100 150 200 250 300 350 400
14

. select beam protons  that
- effectively see the 90 cm of

with determination of a
point-of-closest approach
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radial distribution
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Up/p < 3%
2| 0z<5cm
upstream face ; :
2000 | ' : Tilts of the target
i 1500 5 oL accounted for in
2f . { the extrapolation
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The NAGT/SHIN

The analysis binning in {p,0,z} is based on:
e coverage after track quality cuts that maximize the resolution of the track parameters on target
* appropriate bin size in regions where the dE/dx varies strongly with momentum

 uniform acceptance

Target divided in 6 longitudinal bins
5 P 0 P, 8, z extrapolated on the surface

of the target.
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Forward region covered
by GAP TPC

— long target measurements

Analysis binning for first 5 longitudinal bins

160 <6 < 280

160 <6 < 240

160 <6 < 200

100 <6 < 160

20 <0< 100
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Analysis binning for downstream face of the

target --> coarser angular binning, higher
momentum coverage
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The NAGT/SHINE long target measurements

based on the combined ToF & dE/dx method developed for the thin target data.
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The NAGT/oHIN

— long target measurements

Comparison of raw nt* yields extracted from the NA61 data and from the T2K hadronization model

NAG1
NAG1 data <€—» simulation

with T2K
model

Reconstruction

L, NAB1replica = ----=="""777

* standalone FLUKA simulation of p+C at 31 GeV/c,

same as that used in the T2K beam simulation (JNUBEAM) ol
- NAG1 full target geometry

- beam profile and divergence from NAG1 data :

4000 ~

e Outgoing tracks --> input to NA61 simulation chain

2000 ~

||||||
0 08 1
1z (mrad)

FLUKA pC 31GeV/c f on

target

s H I I 1

Y L= 05 1 15 2 25 3 35 4
r (cm)

Il

* mass squared and truncated mean :
charge assigned to reconstructed tracks = ;' _ I Data
. ‘ * MC 20 *.
based on parametrizations of data sf
.0.:40<06 <100 mrad st L s

24<p<32 GeV/c i} af

I I I I 1 I I I | I TR R A P BRI RPN R P A
06 08 1 12 14 16 18 2 22 24 06 08 1 12 14 16 18 2 22 24
dedx (MIP) dedx (MIP)

* usually, extract yields from data and apply all necessary corrections to produce
absolute yields and compare with true independently simulated yields.
e.g. 2007 thin target data: all MC based corrections ~5-10% syst.
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* here, comparison at raw data level --> all MC based corrections cancel

e however, syst. uncertainty from particle identification is attributed to both data

and MC yields, in principle < sum over all other corrections
e.g. 2007 LT data: ~6% syst. (with very poor statistics data set !) 8
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Reconstructed nt* yields in NA61 & T2K model

Comparison of raw nt* yields extracted from the NA61 data and from the T2K hadronization model
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LT based =+ re-weighting factors for T2K

Re-weighting factors for the LT n* production simulated by FLUKA are calculated from the extracted yields
after reconstruction. The time-of-flight efficiency is the only non-MC based correction that needs to be
applied to data.

_ . ' + . . | ni’y;—‘\(il | CFLL-:KA o C_VFLQ{\’A Lo,
Re-weighting factors for n* are defined as: w(p,0,2) = —Z—(p,0,2) x { ACC_ () 0/, ) x —LOS5_(if ¢ )
n. CAC’C-’ C'LOS S
Crpw L Erpe
1 NNAG1 NFLUKA X —exaer (P> 0, 2) X —5agr (P, 0, 2)
w(p.6.2) = (N g o) x Neor a0
» M%) T WNA61 FLUKA\ ™ NAG61 €EXT )/ \ _ €roF
€ror (P,0) Np Npor X e (1,0, 2) X —Nagr (13-9)}
CEXT €ToF
Systematic uncertainties attributed to:
Systematic error dependence estimation value Main contribution at high
Particle identification P MC 1-5% momentum
alioats o7 | |
Normalization glob_a,l Data 1.44,. Will be reduced with more stat.
ToF efficiency (p. o) Data < 3% and new calibration for LT runs
Beam momentum global MC < 3% Upper bounds. Need to run
Target density global MC < 3% simulations with more stat.
Target alignment global MC 3% <«—— Second largest contribution,

will be reduced in 2009/10
The overall uncertainty is typically: £10% (stat.) 6% (syst.)

dominates 2007 results reduce < 5% for 2009/2010 data
“ NuFact 2011, Geneva



LT based n* re-weighting factors for T2K
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NACT vs 2K configurations

Develop procedure to implement the re-weighting factors for the LT n* production simulated by FLUKA

within the T2K beam simulation (INUBEAM).

118 R T2K simulated target geometry
- 3397 & E1% |\with target d
, olzR get support, surrounaing
A Carbon pipe and Titanium case
40.88 |
45.33 L
156.03

\| AAAA SIS IS

\
\

simple 90 cm long Carbon rod simulated in FLUKA

for input to INUBEAM (Carbon budget fairly similar to

that of the more complicated real geometry)

—> re-interactions of outgoing particles in the
surrounding structures handled by GCALOR

“ NuFact 2011, Geneva

NAG1 simulated target geometry
with Aluminum support flanges
+ tilts in the x-z & y-z planes

FLUKA based input to GNAG1

Aluminum flange

Target rod+basis

Beam generation

plane (BPD-3)

Dedicated study showed that the
hadron production in surrounding
basis and flanges is completely
negligible.

NA61-based re-weighting factors
can be applied to the simplified
target simulation in JNUBEAM.
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NACT vs 2K configurations

Our FLUKA standalone simulation is used to understand systematics related to differences between the
T2K beam-+target configuration and the NAG1 measurements

Systematic error dependence estimation value Compare 7+ yields in {p,0,7} bins

Particle identification P MC 1-5%  for simulation w/ and w/o studies

Normalization global Data 1.4% effect.

ToF efficiency (p.0) Data < 3(% If variations < 5% (required

Beam momentum global MC < 3%  precision on the NAG61

Target density global MC < 3%  measurements ), consider global
- . . L systematic uncertainty.

Target alignment global MC 3% y y

e.g. alignment study, longitudinal bin 3

Studies include effects of: [ratio for 3.bininz_| B —

* different target geometry, i.e. simple rod in the I1
T2K beam simulation vs replica target in NAG

e different alignment wrt beam axis, i.e. aligned %8

target in T2K, tilted target in NAG1 400 o

» different target density, i.e. 1.804 g/cm? for 300 o

T2K target, 1.831 g/cm? for NA61 replica target oa

I0.2

0

[=2]
(=]
o

[+
(=]
(=]

theta [mrad]

* beam momentum uncertaint (consider difference 200

between set and measured values in NA61 109

as maximal possible deviation)

0 5 10 15 20 25 30
p [GeV/c]
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Next steps

Develop procedure to implement the re-weighting factors for the LT n* production simulated by FLUKA
within the T2K beam simulation (INUBEAM).

e.g. probably something like that:

1.2

1.1

1) FLUKA simulation for T2K nt¥in (p,0) coverage
/ of NAG1 ---> w (p,0,2)

~

T out of (0,0) coverage of NABT ---> w = 1 0 ..... .
but keep track of production uncertainty

2) NA61 corrected © production on target

. SK
= input to JNUBEAM D
+ * : : a0 171\\
r+ * re-interaction val \
* absorption ’ - A
*decay Vv N g
1 SIIIIIIIIIIIISY, {/// LTSI IIIII LSS Istore relevant information:  ___, v W=
| g‘fj"’ + along the event history '__>V iSte) TEmmmny f
""""""""""""""""" i emmm—
—> propagate weights to each following ol & vEeset )
generation q =]
Qi =
v
14
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Conclusions

e First preliminary results of the NA61 long target 2007 pilot analysis

3 n* reconstructed at the surface of the T2K replica target

3K T2K model corrected within the sim-+rec environment of NA61 which allows to compare
MC and data without further corrections ---> reduces systematics !

3 uncertainty of current results dominated by statistics !

* Further improvements expected for 2009/2010 data sets:

3k much more statistics --> account for beam profile (radial re-weighting)
--> extract kaon production, protons

3k better control of target alignment

3k dedicated ToF calibration

* First trial to constrain neutrino flux from long target data !

3k re-weight the n+ production at the level of both prim+sec interactions in the target
3k might develop more fancy treatment combining both LT+thin target re-weighting

;
“ NuFact 2011, Geneva ”
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Reconstructed nt* yields in NA61 & T2K model

Comparison of raw nt* yields extracted from the NA61 data and from the T2K hadronization model
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Reconstructed nt* yields in NA61 & T2K model

Comparison of raw nt* yields extracted from the NA61 data and from the T2K hadronization model
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LT based =+ re-weighting factors for T2K
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