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The T2K experiment

12K is a long baseline neutrino experiment in Japan
from |-PARC (Tokai) to Kamioka

Super-Kamiokande

295 km from the target T2K to-do list:

* Probe B3 with vy—=Vve
* Probe 623 with vy—=v,
e Probe 813 with V,—Ve
e Probe 823 with V,—V,
e Octant of B23

e Seek CP effect

® \Various cross-section
measurements

Neutrino source and near | s
detectors at |-PARC

NIM A659,106-135 (2011)
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Beamline monitors

Generation of the flux measure the proton beam

+250 kA — v-enhanced flux
~96 m long
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Muon Monitor

Achieved Goal, Design

Beam power 371 kW 750 kW Graphite
P.O.T. (total) 11.04x102%° 8x 102! = 90 cm long
P.O.T. (v) 7.00x10%° B 2 6 cm diameter
P.O.T. (v) 4.04x102°

Horn current + 250 kA + 320 kA PRD 87 (2013) 012001
Beam energy 30 GeV Laura Zambelli (KEK) - Nulnt 2015 - T2K Flux_
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The T2K baseline

ND280 : constrains the spectrum before oscillations :

measures V interactions on water and carbon targets

SK : measures the spectrum

after oscillations

Super-
Kamiokande
_ R~
MUMON s \
T \ g |
@ \;\\w ~ -iw..y.f‘;%‘;.._ . _______ Offaxis ] ‘,
: ~Jf - ‘: 11 = i :j i _;L
4 AR g =
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Miingg ——
Rt 7
0 120 m 205 km

MUMON : measures the muon
flux after the beam dump

INGRID : monitors the stability of neutrino flux and direction
Cross-section measurements are also performed

— Beam direction is stable within | mrad (AE = 2%)
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The Off-axis technique

ND280 and Super-Kamiokande detectors are placed at a
2.5° angle off the target.

e Produces a narrow band neutrino beam at ~650 MeV,
which maximize the vy—ve oscillation probability

e As compared to the on-axis tlux, the intensity is higher
at the peak

o/ E, (10% ¢cn¥ GeV")

12K tlux
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Parents of neutrinos

Flux (/cm?%/50MeV/10%'p.o.t)

Flux (/cm?/50MeV/10%'p.o 1)

Flux at the far detector (v-mode)

—_— [
(@) (@)
) W

—_
)
TTTTTI T TTTTHE L LTT

0 2 4 6 8 10

10°E

[E—
@)
W
1

[
@)
~

TTTIT T

Not only pions are produced in the target.
Muons, charged and neutral kaons produce a background flux of
electron neutrinos and « wrong-sign » neutrinos

Electron neutrinos are a background for the appearance analysis

As the far detector cannot distinguish the electric charge, wrong
sign neutrinos are also a background

Bigger contamination when running in anti-neutrino mode

E, (GeV)

Flux at the far detector (v-mode) channel BR [%]
10° T = w v, 99.9
ool — e Vg 10~

4 K - wv, 63.5
: — 7meur, 5.1
10°} — 7oy Yy 3.3
0] KY — rwevr 40.5

: — TV, 27.0

) nw — evev, 100

0

Laura Zambelli (KEK) - Nulnt 2015 - T2K Flux I



The need for a hadroproduction measurement

v, at the far detector (v-mode)

In order to predict the neutrino flux, one needs :
e An accurate description of the secondary beamline geometry in a
Monte Carlo
— We use Fluka and Geant3
e To reproduce the proton beam profile impinging the target
— Beamline monitors data is parametrized
e A good knowledge of hadrons produced in p+C interactions
— External experiment reproduces the T2K beam target conditions
and measures the produced hadrons : NA61/SHINE at CERN

Flux (/cm*/10°'POT/50 MeV)

0 2 s 6 3 10
E, [GeV]

v, at the far detector (v-mode)

Z 10t

é)lo DA.H {p.0} of " and K* producing v at the far detector (v-mode)

[T —Pions —Kaons ’

S M KO x10 x10
uons z 2

&10° L NAGT 5 NAGT 105

g i |:| 2009 Coverage 2023. 04 |:| 2009 Coverage 3
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7/ Laura Zambelli (KEK) - Nulnt 2015 -T2K Flux I



[1]: PRC 84 (2011) 034604, [2]: PRC 85 (2012) 035210,

NA6 | /SHINE data for 12K ok arXive 131002703

[6]: A. Haesler’s PHD (Geneva Uni., 2015).

NA6 | /SHINE provides 2 types of datasets for 12K
JINST 9 (2014) PO600S. replica target :

p at 30 @ thin targgt : 0—/ — accounts for the re-
GeV study the primary )

— | | P — . interactions in the
2 cm p+C interaction 90 cm

target

Target  Year Stat (x10°) NAG61 status T2K status
Thin 2007 0.7 published : 7=[1], KT[2], K2, A [3] is used (prev. tuning)
2009 5.4 submitted : 7=, K=, p, K2, A [4] is used (new tuning)
2007 0.2 published : 7= [5] method developed
Replica 2009 2.8 preliminary : 7% [6] work ongoing

2010 ~10 analysis started -
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NAG6 [/SHINE thin target results

p30GeV)+C—=m+ X

g S 0<0< 10 mrad - 10 < 6 <20 mrad
> 04 ¢ m L .
S G aﬂﬂﬁ+ﬁ+++H+H
To2- - Lo ~ M
. = - .‘3 X + It++' gy ')’ T ‘+~+ Ty,
2009 NA61/SHINE data provides : g T e I =~
) 20<0<40mrad [ % 40 < 6 < 60 mrad
£ IF e
* the proton (30 GeV) carbon production cross 0.57;;'» T N
section : F L e L e
16.3 sk 60 <0< 100 mrad [ ,ﬁ 100 < 6 < 140 mrad
Oprod = 230.7 £ 2.7 (stat.) £1.2 (detector) "3 (model) mb L™ {4 \
0.5_3’-: \‘x& ‘ t\.\
* the double differential multiplicity of m=, K#, E B T R e
. . . [GeV/c] [GeV/c]
KOs, A and protons production (in bins of ' '
momentum and pO|ar angle) 5 2_‘:.:‘;'-+* 140 <0 <180mrad [ 53 180 < 6 < 240 mrad
2 1L, A
Sosft T, B R
% 204 ££6<e<300 mrad B 300 <6 < 360 mrad
£ 155 A
o 15:: #‘Q\ _;' “4
— See A. Bravar's talk later today O N o s
r. 360 < 6 < 420 mrad S p [GeV/c]
15h —+ Data 2009
ks FTF_BIC - G495
I FTF_BIC - G496
05 % -~ FTF_BIC - G410
B e QGSP_BERT - G410
p [GeV/c]
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12K flux predictions with NA6| - multiplicties

FLUKA Weights for v+ on C

0 (rad)

p from beam | _ DECAY VOLUME BEAM
monitor DUMP

For each neutrino produced, we re-weight most of the inelastic (et TN I,
Interactions leading to its production to external data : p (GeV/c)
2 FLUKA Weights for K" on C
d°n 5 06pm
(dpde)data Wherg MC gtands f.or o g .
W = Fluka if the interaction is in the target < ™
(ji";e) GCALOR if it's in the 22y beamline 04
p MC 0.3
| NA6I x*,6=40-60 [ NA61 *, 6=300-360 02
0.1

0 5 10 15 20 25 30
p (GeV/c)

NAG61 data are fitted with the
BMPT parametrization to
extend the {p, B8} coverage

2

E(d’0/dp®) [mb/GeV?)
=)
E(d’o/dp”) [mb/GeV?]

—

13 e P e T ;.lx.ll.LllL..l.,il..g
0 2 4 6 8 1012 14 16 18 20 22
p [GeVi/c]

M. Bonesini, et al, EPJ. C20 (2001) 13-27
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12K flux predictions with NA6 1 - scalings

GCALOR Weights for * on Al

p from beam = DECAY VOLUME BEAM
monitor DUMP

We scale NA61 data to be able to re-weight re-interactions : S

GCALOR Weights for t* on Fe

e Rescale NAG1 data in target for interactions in the beamline
Eg: p[31 GeV/c] + Al= ni/kK/p + X

0 (rad)

We consider interactions on C, Al, Ti, Fe

The target scaling uses a parametrization with

d?o

apds ) = [A_o

Alr(‘”F’pT) d?o Where the parameters of the 0 o | 0

dpde(AO) a function are fitted to data co R pz(i}evi(;

The scaling in center of mass uses the
e Rescale NA61 data in center of mass: Feynman-scaling hypothesis (the
Eg: p[20 GeV/c] + C = ni/K/p + X invariant cross section is constant when
expressed in terms of xF and pr).
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12K flux predictions with NA6| - secondary nucleons

Secondary Proton Weights

SR VvV TO
__>

pfrombeam 77— o o0
monitor > b GIKA DETECTORS

GEANT3 + GCALOR

0 5 10 15 20 25 30
Mom (GeV)

p+C_'p/n//\/Z + X iS also re_Weighted Secondary Lambda Weights
Now, we use only proton production data from NA61 and Allaby
[p+Be at 19.2 GeV — p + X]

Using the baryon number conservation constraint, the weights for
n, A and 2 are computed from large MC statistics :
the leading baryon is re-weighted to data, the other ones are

compensated to holds the baryon conservation. . T o G '
om (Ge
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12K flux predictions with NA61 - cross sections

— - VvV TO
4>

pfrombeam T = o
monitor > Mt b GUIKAI DETECTORS

GEANT3 + GCALOR

We also re-weight the production cross-section for each interaction as follows:

Odata MC : Fluka, GCALOR
W — X exp(—pd[adam — O'MC]) ~ |
OMC 0 is the material density
d is the length of crossed material
proton interactions pion interactions
800|- _. GCALOR  © Bellcui‘ni'clval.l Bric i "GéAI-OR 'Cmni"c;;'- .ﬂ’+é
| —FLUKA A Bobchenko et al. .p+Al t&x:‘t etal A Vlasov et al. .n-'+A| . .
A NAGI ®m Longo etal. v 600} Bobchcnkoc{al. o Allaby et al. | For the tlme belﬂg, Fluka
600 © Denisovetal. ® Chenetal. — ®m Longo et al. > Allardyce et al. . .
g | e 2 . production cross-sections
\%.400” : . a8 400w - | are not tuned to data, only
° o ° Tt TR redinteractions in the
W e | beamline are tuned
S > | (handled by GCALOR).
1 10 1
P,. (GeV/c) P,. (GeV/c)
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Results : tuning factor

s v,, at the far detector (v-mode) s v, at the far detector (v-mode)

= 140 . s lar

% C .Total tuning ---Previous Tuning ‘% C .Total tuning ---Previous Tuning

L:") 1.3 — Pion tuning — Kaon tuning % 1.3 — Pion tuning — Kaon tuning | .-r __
= = ary . on L _-: - :
- 12 = — 2" nucl. tuning — Int. Rate Itiglinﬂg 3

i p—
— ) {
TT | TTTT | TTTT | T

[E—
[—Y

1III|IIII|IIII|I

1: 1:
0-92‘ 0.92—
0.83— 0.83—
o7 o7
0.65 e S R 0.6 R L
107 1 B, [GeV 107! 1 B, [GeVl’
s Vv, at the far detector (v-mode) _ s V. at the far detector (v-mode)
§ . g .Total tuning  ---Previous Tuning E , ‘% . g .Total tuning  ---Previous Tuning
L; 1 3:_ — Pion tuning — Kaon tuning : . L:"_) 1-3:_ — Pion tuning — Kaon tuning
E 1.23_ —2" nucl. tuning — Int. Rat% tuning i E 1‘23_ — 2" nucl. tuning — Int. Rate tuning
1- ----------- LT T 1; ______ SURRE
0.9;- 0.92—
0.8;— 0.82—
o7t o7l
06: S T R R 06: Co | L
107 1 B, [GeViP 107 1 B, [GeVl’
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Uncertainties

Uncertainty evaluated:

Non-Hadronic part :

Horn current

Target and horn alignment
Off-axis angle

Proton beam parameters
Horn field asymmetry
Material simulation

Proton On Target (POT)

Hadronic-part :

Meson multiplicity
Pion re-scattering
Secondary nucleon production
Interaction length

—Previous tuning and error estimate used the NA61 2007 thin target data only
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Uncertainties - non hadronic

v, at the far detector (v-mode) v, at the far detector (v-mode)
£ 0.2 £ 02
L% : | Total Non-Hadr — Proton Profile — Horn Alignment 5 : | Total Non-Hadr — Proton Profile — Horn Alignment
% | === Previous Non-Hadr = Off-axis Angle Target Alignment % | --- Previous Non-Hadr = Off-axis Angle Target Alignment
50.15- 50.15(-
§ - — Abs. Horn Current Material Modeling § L — Abs. Horn Current Material Modeling
=~ - F -

- Horn Field —— Nb of POT -, Horn Field —— Nb of POT

- -

0.1+ 0.1 ¢
i L o -
- i Pt oL,
1 = —-- 1 11
B L 1 1 =11 T
0.05\— 0.051~ DT
~ - ! — |
0 e e—

All sources have been re-estimated.

The proton beam profile affects the off peak region. We are i

reduce it (mostly driven by fit uncertainties)

On-going analysis aims at reducing the error on the number
affect cross-section analysis though)

The error reduction on the ve is mostly due to greater Monte

nvestigating on ways to

of proton on target (only

Carlo statistics
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Uncertainties - hadronic - multiplicity & cross section

Fractional Error

v, at the far detector (v-mode)

v, at the far detector (v-mode)

0.3

Fractional Error

0.2

| ]| Total Hadr. Error = Mult. Error

=== Prev. Hadr. Error = Nucl. Error
Int. Length Error

= Pion rescatter Error

03 B - Total Hadr. Error = Mult. Error
s === Prev. Hadr. Error =/ Nucl. Error
- Int. Length Error
02 __ — Pion rescatter Error
i ¢
<C
— LIJ 1
e T T T a . -'
01l Y=t
0 e e R TR REEH] SR ppr e AES i L

107! 1

E, (GeVH0

NAG1 2009 thin target results uncertainties are
reduced as compared to 2007 .
For interactions outside NAG61 phase space
coverage, we used the difference between the
BMPT extrapolation and Fluka predictions as our
uncertainty.

--- 2007 stat. error
2007 syst. error

— 2009 stat. error
— 2009 syst. error

Uncertainty

mrad

o
~
I

10 < 6 < 20 mrad

)

40 < 6 < 60 mrad

60 < 0 < 100 mrad

4 0 < 140 mrad

20 5
p [GeV/c]

5 10 15

10

15 20
p [GeV/c]
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Uncertainties - hadronic - multiplicity & cross section

v, at the far detector (v-mode)

. at the far detector (v-mode)

e}
(O8]

Fractional Error
©
o ¢
| [ _ 0 [ [ | [ [ [ [ | [ [

0.1F

Total Hadr. Error = Mult. Error

| | Total Hadr. Error = Mult. Error

=== Prev. Hadr. Error =/ Nucl. Error === Prev. Hadr. Error =/ Nucl. Error

Fractional Error

Int. Length Error

= Pion rescatter Error

Int. Length Error

= Pion rescatter Error

O H

10 1 B, (GeV)0

1 E, (GeVH)

We tested our scaling hypothesis with external data to estimate our uncertainties

Xp-pt phase space of 7t+ production (invariant cross section)

n*: NA61/FLUKA n*: ~20 GeV/c Data/FLUKA

2

Q)
> 1.8
(D)
S 1. 1.6
al - 1.4
- 12
0.8F
0.6F 0.8
0.4 0.6
C 04
0.2F 0.2
of

0 05 1

NA61 (pC at 31 GeV)"

p.. (GeV/c)

Allaby (pC at 20 GeV)'

The uncertainty from the interaction
length is conservatively estimated
as the size of the quasi-elastic
Cross-section :

oqr(31 GeV) = 27.70 £ 0.10(stat) *572 (mod) mb
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Uncertainties - hadronic - secondary nucleon

v, at the far detector (v-mode)

- =

S R — £

5 0 3— || Total Hadr. Error = Mult. Error 5 03

% L === Prev. Hadr. Error = Nucl. Error % .

13 n Int. Length Error g

s —

85 B . o
02 — Pion rescatter Error 0.2

B — : . . i
10 1 B, (GeVi0 10

The total secondary baryon production uncertainty is
significantly lowered compared to the previous
estimate, as for example the v, error is currently about
2% [10% previously]

It is estimated by comparing tuned flux with difference
Inputs:

lambda weights computed with NA61 data, neutron
weights from NA49 data, ...

v, at the far detector (v-mode)

| | Total Hadr. Error — Mult. Error

=== Prev. Hadr. Error = Nucl. Error

Int. Length Error

= Pion rescatter Error

Fractional Error

1 E, (GeVH)

vy at the far detector (v-mode) - Prev.

O 3 T [
Total

------ Pion Production
Kaon Production
— — Secondary Nucleon Production <«

= Production Cross Section

0.2

—
- LT |
ob— —L'HJHJ_

.

R T O

| o e
O 1 —~ |- -------- | |
107! 1 10

E, (GeV)
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Uncertainties - hadronic - pion scattering

v, at the far detector (v-mode) v, at the far detector (v-mode)
s s o —
5 03 || Total Hadr. Error —— Mult. Error 5 03 B | | Total Hadr. Error —— Mult. Error
g === Prev. Hadr. Error = Nucl. Error g s === Prev. Hadr. Error = Nucl. Error
g Int. Length Error g = Int. Length Error
H e -
— Pion rescatter Error 02 — Pion rescatter Error

o
. o .
55 5 LA I B B B

E, (GeVH)

vy at the far detector (v-mode)

Pion scattering affects mostly v, flux g - v,
It is estimated with HARP mi=+[C/Al] 2 +X 3 0150 % -
data at 3, 5, 8 and 12 GeV/c g ol Iy
™ 0.0

The error on pion scattering is taken as the oi—iﬁ];-"éu_;
difference between flux tuned with and without oos N 3
pion scattering tuning. Tt 5

o I 10

E, (GeV)

20
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Final uncertainty

v, at the far detector (v-mode)

. 032
g A ) Horn & Target
5 ~} | Total Error — Hadron Interactions Alignment
% | --- Previous Error —— lg%cf)?_ag:glggle ——— Material Modeling
g T o - urrent Nb of POT
= 0.2 .-
- 1
a X :
<~9% F-
= w __ '
.. - - - &. ' l- } ;
0.1
0= » =
10 1 E, (GeVH0
VM at the far detector (v-mode)
g 0.3 Ne . Horn & Target
5 Hadron Interactions Alignment
= i Proton Profile . .
.a B — & Off-axis Angle —— Material Modeling
g T o rrent Nb of POT
= 0.2
B o
! v ~9%
<
L LLl -
o

Fractional Error

S
S}

0.3

0.1}

Fractional Error

v, at the far detector (v-mode)

| Total Error

| === Previous Error

—_ . Horn & Target
Hadron Interactions Alignment
Proton Profile . ‘
& Off-axis Angle —— Material Modeling
Horn Current
& Field Nb of POT

0

107!

0.4

0.3

0.2

1 E, (GeVH0

V. at the far detector (v-mode)

Total Error

Had : ‘ Horn & Target‘ ,
adron Interactions Alignment f
Proton Profile i 5
—— & Off-axis Angle —— Material Modg¢
Horn Current
Faiie Nb of POT

1 E, (GeVH0
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Correlation matrix

Flux Prediction Correlation Matrix

Flux Bin

Correlation

0 50 100 150 200 250 300

>

ND280 8 far detector

< >— ><¢ >t >
V-mode  V-mode  V-mode V-mode

VuVpuVeVe
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NAG6 [ /SHINE long target results

Preliminary results have been released recently 18cm ;

The target is divided into 6 bins : 5 bins of |8 cm > | AN AR AN
+ the downstream face of the target

—/6

TT* differential spectra in {p,0,z} bins extracted at the surface of the target :

x 1073
3 60<0<80  Z1 60<0<80 72 60<0<80 73 60<0<80  Z 4 60<0<80 75 60<0<80 76
@ — NAG61 stat&sys
\4 B 1 1 4+ — FLUKA2011-Spline
{
< z1 3 z4 NS 4 ZO |
3 .M:H-*. K
=
CO0OT5 400 5 10 0 5 100 5 10 0 5 10 0 S5pcovi
(& C
+ data B P
=00X10" . I . . . S I
(Stat + Syst) S 100<6<140  Z 1 100<0<140 Z2 100<0<140 Z 3 100<0<140 7 4 100<0<140 Z 5 100<0<140 Z 6
al15 1 | — NA61 stat&sys
~ — FLUKA2011-Spline|
—Fluka —
% 10k
o, H
o5 K |
=
e, 0 L /A\h

10 0 5 10 0 5p[GeVic

o5 x107% L 4 N A ———
O 180<6<220 Z1 180<0<220 Z 4 180<6<220 Z5 180<0<220 Z 6
T i i T T —NAG61 stat&sys

| —FLUKA2011-Spline

A. Haesler’s PHD (Geneva Uni., 201)5).
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Prospect for 2K flux prediction

Preliminary work has been done to include the replica target data in the T2K flux tuning

process.

pion escaping the target — tune to NA6| replica target data
all other particles = use the standard tuning (with the thin target)

~—~ X103
+ -
O -
A1200- ul
NE 1000/ l ——Thin target tuning
% 800 <J[ <J[ ——T2K replica target tuning
=N
S 600 4| vy, at the far
"L 400 j detector
© I
= 200,
> .
I'E O:Illlllllllll_;_=IIII:||||I""I""I""I""
[y 0 0.5 1.5 2 2.5 3 3.5 4 4.5

E. (GeV)

v,, flux predictions at SK with the thin target and
replica target re-weightings

24

—
W

—
N

—r

—t —
ST

T —

i M

' —

T —

] LY

1 I

. +

1 N

detector

ratio thin/replica

v, at the far

0.9
0.8
0.7:| 1 1 1 | L1 1 | | 1 11 1 | L1 1 | | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 11 1 | L1 1 |
0 05 1 15 2 25 3 35 4 45
E, (GeV)

ratio of thin target over T2K replica target

re-weightings for the v, flux predictions at SK
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Prospect for 2K flux prediction

Preliminary work has been done to include the replica target data in the T2K flux tuning
process.

First estimation of the flux error when using the replica target data : only the multiplicity
error Is propagated (not the interaction cross section)

[ NAG1 related errors

T2K replica target
80,161 —PID
L o — Feed-aown
Sota v, at the far ¢ if.
s L ) — tof. eff.
5,0 detector (v-mode) rloss
ol . . — back extrap
ERT S contribution Stat
- — lota
_ o 0.08— Only
4% is a low limit! ol «
To be compared with N ~4%
s e 0.04f1 %
the current multiplicity -
error O ——
OomﬁllléllllélIHL;IHIIé::::6””7HH$HH9|HH1O
E,(GeV)

25 Laura Zambelli (KEK) - Nulnt 2015 - T2K Flux I



Flux & cross-section constraints for the oscillation analysis

A binned Likelihood is adjusted to ND280 data (in bins of muon momentum and angle)
taking into account the variation of the flux, cross section model and near detector model

within their systematic uncertainties and correlations. 500 ] —$— Data
% g - MC, Prior to ND280 Constraint
V-mode data : ézoooz_ I v, Atter ND280 Constr_aint
. . o . Z 15001 I I PRELIMINARY ]
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“ioo0-§ v, CCOT  ~
CCOtr, CCI 1T and CCother o :
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Vy interaction and Vy interactions are separated into 2 samples:
| track (CCltr) and >1 tracks (CCNtr).
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Flux & cross-section constraints for the oscillation analysis
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27

Laura Zambelli (KEK) - Nulnt 2015 -T2K Flux I



Conclusions

28

T2K flux is predicted with the help of the latest NA61/SHINE thin target data.
The uncertainty on the flux is now around ~9% at the peak energy

The replica target data is in the process of being included in the analysis.

The flux uncertainty is expected to be further reduced.

2 methods are developed :
e Compute tuning factors for each {p,0,z} bins of escaping pions, as for the thin target
e Construct a likelihood including cross-section and multiplicity parameters

For the oscillation analysis, the flux and cross-sections parameters are constrained by the
measurements from the ND280 detector.

The absolute flux prediction is used for the cross-section measurements in the T2K near
detectors.
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Tuning factor in V-mode
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Flux error (V-mode)
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Fractional Error
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Flux error (V-mode)
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Fractional Error
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Beam prospects for [ 2K2

[flux/flux(320kA)]

33

Increase the horn current £250 kKA = +320 kA
e +10% improvement of the flux at the far detector
e 5~10 % reduction of the ‘wrong-sign’ neutrinos at the peak

v flux SK (0.4-1.0GeV, normlized)
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Beam prospects for [ 2K2
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Beam Plug for Wrong Sign Background

* A larger fraction of the wrong sign
[m: background originates from forward
- produced hadrons

|\

EE : I
| WC i  These may be reduced by placing an

absorber downstream of the target

* Nakamura-san has started to study this

* Preliminary study showed reduction of the
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