
T2K/SK/T2K-­‐II	
  (Hyper-­‐K)	
  2020	
  
•  T2K	
  in	
  a	
  “Nutshell”	
  
•  T2K	
  “δcp	
  Discovery	
  Poten9al”	
  e	
  misure	
  in	
  corso	
  (2019-­‐2021)	
  
•  Super-­‐Kamiokande	
  (SK-­‐GD)	
  	
  
•  ProspeEve	
  a	
  medio	
  termine	
  (2020-­‐2025)=>	
  T2K-­‐II	
  
• Upgrade	
  ND280	
  	
  (AEvita’	
  alla	
  Neutrino	
  PlaNorm	
  del	
  CERN)	
  	
  

•  ProspeEve	
  a	
  lungo	
  termine	
  =>	
  Hyper-­‐K	
  	
  
•  R&D	
  mPMT	
  

	
  

• Composizione	
  del	
  gruppo	
  e	
  richieste	
  di	
  servizi	
  



T2K	
  in	
  a	
  “Nutshell”	
  

 (GeV)νE
0.5 1 1.5 2 2.5 3

O
sc

. P
ro

b
0

0.02

0.04

0.06

0.08

0.1
 flux

µ
ν Off-axis °2.5
ν, NH, °=0cpδ

ν, NH, °=270cpδ

ν, NH, °=0cpδ

ν, NH, °=270cpδ

eν→µν, eν→µν

e/γ

multi ring

OVERV IEW
SK MC

FGD1FGD2



)23θ(2sin
0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

)
-4 c2

 (I
O

) (
eV

132
m

Δ
 (N

O
), 

322
m

Δ

2.2

2.3

2.4

2.5

2.6

2.7

2.8
3−10×

Normal - 68CL
Normal - 90CL
Inverted - 68CL
Inverted - 90CL

Best fit

T2K Run 1-9 Preliminary

)23θ(2sin
0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

)
-4 c2

| (
eV

322
 m

Δ|

2.3

2.35

2.4

2.45

2.5

2.55

2.6

2.65

2.7
3−10×

Normal - 68CL
Normal - 90CL
Inverted - 68CL
Inverted - 90CL

Best fit

T2K Run1-8 PreliminaryFinal systematics pending

)23θ(2sin
0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

)
-4 c2

| (
eV

322
 m

Δ|

2.3

2.35

2.4

2.45

2.5

2.55

2.6

2.65

2.7
3−10×

Normal - 68CL
Normal - 90CL
Inverted - 68CL
Inverted - 90CL

Best fit

T2K Run1-8 PreliminaryFinal systematics pending

Preliminary
w/ reactor constraint

 21

T2K data compatible with maximal mixing

Oscillation results (θ23, |∆m232|, θ13, δCP)
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Parameter Best Fit NH (HI) ±1! NH (IH)

sin2"32 0.54 (0.53) [0.490,0.558 ] ([0.496,0.560])

|∆m232| (10-3eV2/
c4)

2.46 (2.43) [2.370,2.498] ([2.362,2.502])

sin2"13 0.0268 (0.0305) [0.0222,0.0319]
([0.0253,0.0369])

Ciro Riccio, Naples U. & INFN | WIN2019



ND280:	
  Bari	
  

•  TPC	
  Co-­‐convener	
  e	
  N280	
  
Steering	
  Comm.	
  member	
  
(E.Radicioni)	
  	
  
•  Analisi	
  :	
  X-­‐sec9on	
  Co-­‐
convener	
  (L.	
  MagaleE)	
  	
  
•  AEvita’	
  di	
  	
  Data	
  Taking	
  e	
  TPC	
  
maintenance	
  (tuE)	
  	
  	
  	
  

M.G.	
  Catanesi	
  :	
  	
  
ü  Execu9ve	
  Commi[ee	
  di	
  T2K	
  	
  
ü  CERN	
  T2K-­‐Contact	
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Impact on SK:
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ND280 fit results

Sample w/o ND280 w/ ND280

! 1Rµ 14,6% 5,1%

! 1Rµ 12,5% 4,5%

!  1Re 16,9% 8,8%

! 1Re 14,4% 7,1%

! 1Re+1#+ 22,0% 18,7%



Contributo	
  del	
  gruppo	
  di	
  Bari	
  a	
  SK	
  
•  Realizzazione	
  di	
  un	
  monitor	
  (PSM)	
  	
  del	
  LINAC	
  
(calibrazione	
  ele[roni)	
  	
  con	
  le[ura	
  a	
  sipm	
  :	
  E.	
  
Radicioni	
  ,	
  R.A.	
  Inton9	
  (Tesi	
  PHD)	
  

•  Cara[erizzazione	
  dei	
  nuovi	
  photosensori	
  Box&Line	
  a	
  
Kamioka	
  (	
  V.Berardi)	
  

•  Ricerca	
  del	
  decadimento	
  del	
  protone	
  in	
  SK	
  (M.G.	
  
Catanesi,	
  N.F.	
  Calabria	
  (Tesi	
  Magistrale)	
  

•  Contributo	
  al	
  	
  “Tank	
  OPEN”	
  con	
  personale	
  tecnico	
  e	
  
ricercatore	
  (V.	
  Berardi,	
  E.	
  Radicioni,	
  N.	
  Lacalamita)	
  

33

Constructed primary MC sample eyescan

CCQE 
ATM-nu. 
MC e-
like ring

MC 
second 
gamma 
ring

MC 
charged 
pion

Merged 
rings: 

nal 
sample

Nicola Fulvio Calabria (Bari), Gabriel Santucci, Thomas Mueller, 
Shunichi Mine, Gabriella Catanesi

WW ATMPD pre Meeting
23rd April 2018

Systematic error estimation of p->K, K->+0 search 
with �TQun in SK-IV 
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Outer detector

Inner detector

1885 8” PMTs

11129 20” PMTs

Super-Kamiokande IV 
(2008 Sept. – 2018 May 31st)
New software trig. DAQ system 

50000 tons  Ring imaging Water Cherenkov detector
T2K far neutrino detector ~ Super-Kamiokande ~

2

T2K neutrino beam data is stored 
using the beam GPS information

from the accelerator.

Efficiency is ~99% during the T2K operation period.

SK	
  =>	
  2016	
  



Identify νep events by neutron tagging with Gadolinium
Gadolinium has large neutron capture cross section and emit 
8MeV gamma cascade.

γ

p

n

Gd
e
+

8 MeV
ΔT~30μs
Vertices within 50cm

νe

Gadolinium project at Super-K: SK-Gd
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Gd in Water

100%

80%

60%

40%

20%

0%
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0.1% Gd gives
~90% efficiency
for n capture
In Super-K this means
~100 tons of water soluble
Gd2(SO4)3

29

0.01% Gd gives
~50% efficiency.

	
  SK-­‐V	
  with	
  GD	
  	
  

2018 2019 2020 202X 202X+n

Refurbishment: Water filling was completed in January 2019.

Pure water Run 

work
Fill pure water 
(2.5 months)

T1 : 10ton Gd2(SO4)3

T2 : 100 tonGd2(SO4)3

Plan to start 0.01% Gd run in 
early 2020.
(Adjusting schedule with T2K)

0.01%Gd run
~50% n cap. eff.

0.1%Gd run
~90% n cap. eff.

Schedule of SK-Gd

41

SK-V



T2K	
  Phase	
  II	
  (T2K-­‐II)	
  	
  
	
  •  ~400	
  events	
  expected	
  for	
  νe	
  appearance	
  signal	
  

•  Analysis	
  improvement	
  to	
  increase	
  sta9s9cal	
  significance	
  	
  

•  Systema9cs	
  Error	
  	
  5.8	
  =>	
  4%	
  	
  (<3%	
  HyperK/Dune)	
  
•  Near	
  Detectors	
  	
  measurements	
  are	
  a	
  key!	
  	
  

•  Approved	
  by	
  PAC	
  (Jan	
  2019).	
  	
  
•  TDR	
  ND280-­‐Upgrade	
  @	
  CERN	
  =>	
  	
  NP07	
  (il	
  CERN	
  e’	
  entrato	
  in	
  T2K)	
  

Accelerator neutrino program in Japan, M.Yokoyama (UTokyo)

T2K-II goals
• ~400 events expected for νe appearance signal

• Analysis improvement to increase statistical significance

• Goal of systematics: 4% in total for number of νe 

• ND measurement is a key!

• Stage-1 status given by PAC recommendation.

• Technical Design (including beamline) in 2017 to request 
for Stage-2 approval.

10
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~3σ	
  indica9on	
  with	
  T2K→T2K-­‐II,	
  
>5σ	
  discovery	
  and	
  measurement	
  with	
  HK/DUNE	
  



ND280	
  Upgrade	
  Project	
  (NP07)	
  	
  

ND280 upgrade project
status report

Masashi Yokoyama (U. Tokyo)
for ND280 upgrade WG

T2K meeting, May 12 2018

Update Basket Modifications

• Replace (most of) P0D with Scintillator Detector  
+ 2 High-Angle TPCs + TOF

• Keep current “tracker” [2 FGDs + 3 TPCs]  
(& upstream part of P0D) as well as ECal, magnet & SMRD 

• For keeping continuity and forward acceptance
 2

ND280 upgrade configuration

New detectors

Keep current detectors

ν beam

Detectors inside a magnet

Ø  2018-­‐2019	
  Prototype	
  of	
  TPC	
  and	
  SFGD	
  in	
  a	
  testbeam.	
  Define	
  the	
  detector	
  
op9ons	
  (granularity	
  etc).	
  Prepare	
  for	
  produc9on.	
  	
  

Ø  2019-­‐2021	
  Produc9on,	
  integra9on	
  at	
  CERN.	
  System	
  test	
  (cosmics).	
  	
  
Ø  2021-­‐2022	
  Shipment	
  to	
  Japan,	
  installa9on,	
  commissioning.	
  	
  
	
  

SuperFGD
• WP conveners: Yury Kudenko 

(INR) and Yokoyama (Tokyo)

• Strengthened group

• LLR and US groups joined

• US-Japan proposal approved!

• WP structure and WBS being 
formulated

• Rapid progress in various R&D

 9

New technologies under development

12

Scintillator detector 
・Target volume of 1.8 m x 0.6 m x 2.0 m 
・Leading candidate is SuperFGD (arXiv:1707.01785) 
　・~2M scintillator cubes of 1 cm3 w/ 3 holes 
　・~60 km of WLS fibers along X, Y, Z 
　・~60k channels for 3D views 
→ 4π acceptance & Fine granularity

High-Angle TPCs & TOF counters 
・Basically known technologies  
・TPC: Large MicroMegas w/ resistive anode 
・TPC: Thin filed cage w/o deformation  
・TOF: Two candidates of extrusion & cast  
→ Better acceptance & PID

0.6 m

2.0 m 1.8 m

FGD-XZ

SuperFGD

z
x

y 0.6 m
1.8 m2.0 m

arXiv:1707.01785
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New	
  Horizontal	
  TPCs	
  whit	
  	
  Resistive	
  MM	
  readout	
  	
  
Field-­‐cages	
  a	
  minimo	
  ingombro	
  
(geometrico	
  &	
  radia9on	
  length)	
  

Field-­‐cages:	
  
Ø  	
  	
  INFN	
  Bari	
  
Ø  	
  	
  INFN	
  Padova	
  
Ø  	
  	
  INFN	
  LNL	
  
Ø  	
  	
  IFAE	
  Barcellona	
  	
  

RESPONSABILITA’	
  INFN	
  	
  

  

1 – Box wall cross section - example

4mm

15mm

4mm

Kevlar

Kevlar

M.Romanato – G.Cogo (INFN-PD)

Option 1  → full aramide wall structure

scale m

s
c
a
le
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m

•  Proto9po	
  finanziato	
  dalla	
  CSN2	
  
nel	
  2018	
  (50	
  Keuro	
  circa)	
  
•  Simulazione	
  (COMSOL)	
  e	
  
realizzazione	
  dei	
  strips	
  foils	
  del	
  
proto9po	
  completata	
  
•  Realizzazione	
  del	
  MOLD	
  
(proto9po)	
  	
  completata	
  
•  Assemblaggio	
  e	
  tests	
  	
  in	
  corso	
  

  

1 - TPC design concepts – Strip design

Strip	
  ConfiguraSon	
  	
  
Double	
  sided	
  
Mirror	
  strips	
  
Foils	
  dim	
  :	
  55x220	
  cm	
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HA-­‐TPC:	
  	
  INFN	
  Contribution	
  	
  	
  
	
  

HA-TPC: components

Field cage

Electrostatic simulation

Resistive Micromegas

Prototype of FE card

  14

TPC performance
MM0 on the HARP field cage TPC dE/dx (e and pions) Space point resolution

● A prototype of resistive Micromegas 
(MM0) was mounted on the ex-HARP 
TPC field cage and exposed to a beam 
of e, pi, p, mu (0.5-2 GeV/c) in Summer 
2018 at CERN (T9)

● The space point resolution is 300 μm, 
twice better than for the existing TPC

● The dE/dx was also good (~10% for a 
MIP for 35cm track length)

● NIM paper in preparation
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TPC performance
MM0 on the HARP field cage TPC dE/dx (e and pions) Space point resolution

● A prototype of resistive Micromegas 
(MM0) was mounted on the ex-HARP 
TPC field cage and exposed to a beam 
of e, pi, p, mu (0.5-2 GeV/c) in Summer 
2018 at CERN (T9)

● The space point resolution is 300 μm, 
twice better than for the existing TPC

● The dE/dx was also good (~10% for a 
MIP for 35cm track length)

● NIM paper in preparation

	
  Test	
  Beam	
  Summer	
  2018	
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TPC recent progress

● The prototype field cage has been produced 
in April 2019, and is now being finalized

● Will be tested with cosmics at CERN in July

● The Micromegas module MM1 (final 
geometry) has been tested in Saclay and is 
now in a test beam at DESY 

The field cage in Legnaro MM1 being mounted

Soldering the resistors

The team #1 at DESY

MM1 Event display

Field	
  	
  Cage	
  	
  Prototype	
  

The	
  space	
  point	
  
resolu9on	
  is	
  300	
  μm,	
  
twice	
  be[er	
  than	
  the	
  
exis9ng	
  TPC	
  

L.MagaleE,	
  	
  E.Radicioni	
  ,	
  C.	
  Pastore	
  ,	
  
N.	
  Lacalamita	
  



	
  Field-­‐Cage	
  	
  (2020):	
  Bari	
  	
  

•  La	
  realizzazione	
  delle	
  Field-­‐
cages	
  e’	
  stata	
  approvata	
  e	
  
finanziata	
  a	
  seUembre	
  2018	
  
•  Costo	
  previsto	
  (su	
  3	
  anni)	
  circa	
  
0.5	
  Meuro	
  
•  Nel	
  2019	
  	
  
•  Finalizzazione	
  del	
  design	
  e	
  inizio	
  
costruzione	
  

•  Inizio	
  realizzazione	
  del	
  MOLD	
  
(180cm	
  x	
  100cm	
  x	
  86cm)	
  

•  Nel	
  2020	
  
•  Completamento	
  del	
  MOLD	
  
•  Realizzazione	
  prima	
  Field	
  Cage	
  
•  Test	
  e	
  caraUerizzazione	
  della	
  	
  
prima	
  TPC	
  alla	
  Pla\orm	
  del	
  
CERN	
  

M.G.	
  Catanesi,	
  L.	
  MagaleE,	
  E	
  Radicioni	
  
	
  C.Pastore	
  (MOLD)	
  

The Field Cage

8 RMMs

• Boxes joined in middle of the detector (cathode location) and closed at 
opposite ends by the end-plates that include the module frames

• Cathode (RMM ) flatness <0.1mm (<0.2mm), cathode-RMM // < 0.2mm

• E-field distorsion below 10-4 even close to the walls

275 V/cm

Cathode 
(27kV)

Anode

275 V/cm

Walls joining cathode/anodes covered by 
field-shaping electrodes

✦ Kapton foil as insulator (40μm) 
✦ Copper coated strips (5μm)
✦ Pads to connect electrically strips 

with precision resistors 
Mirror strips on the external side

• Composite sandwich structure:
✦ Thickness: ~3 cm
✦ Low material budget: ~2% Xrad

• Cathode: copper-clad G10/rohacell

 30

0%# 20%# 40%# 60%# 80%# 100%#

Proto-po#Field#Cage#Design##

Proto-po#filed#Cage#Construc-on##

Proto-po#Field#Cage#Characterisa-on#

Field#Cages#Design##

Field#Cage#1#Construc-on##

Filed#Cage#1#tests#

Field#Cage#2#Construc-on##

Field#Cage#2#tests#

shipping#

2018#

2019#

2020#

2021#

#Chart&&table&for&the&HTPC&Field&Cages&of&T2K&&&



Hyper-­‐K	
  :	
  Status	
  del	
  proge[o	
  	
  	
  

�19

▸ Same technology ⟹ synergy with Hyper-Kamiokande detector 
▸ Use of mPMTs for the full detector 

▸ Under investigation:  
▸ Testbeam at CERN of smaller prototype for mPMT testing. 
▸ Doping of the detector with gadolinium as in Super-K

INTERMEDIATE WATER CHERENKOV DETECTOR

�17

▸ Possible hybrid configuration with 20k 20”PMTs and 5k mPMTs

HYPER-K DETECTOR: HYBRID PMT CONFIGURATION

▸ Possible hybrid configuration with 20k 20”PMTs and 5k mPMTs 
▸ Max number of mPMTs limited by the production sites. 
▸ Currently 3 production sites.

�19INTERMEDIATE WATER CHERENKOV DETECTOR (IWCD)

Cherenkov Ring with mPMTs

Detector with ID mPMTs

▸ Same technology ⟹ synergy with 
Hyper-Kamiokande detector 

▸ Use of mPMTs for the full detector

▸ Test beam for mPMTs 
modules being planned. Two 
sites under investigation: 

CERN 
Fermilab

▸ Planned doping of the 
detector with gadolinium 
as in Super-K

IWC	
   ID	
  

The	
  IWCD	
  detector	
  u9lizzera’	
  la	
  stessa	
  	
  tecnologia	
  dei	
  mul9-­‐PMT	
  

ü  L’approvazione	
  definiSva	
  del	
  progeUo	
  
da	
  parte	
  del	
  governo	
  giapponese	
  e’	
  
aUesa	
  in	
  autunno	
  

ü  Inizio	
  previsto	
  per	
  lo	
  	
  scavo	
  :Aprile	
  2020	
  
ü  2	
  MeeSngs	
  a	
  Tokyo	
  (gennaio/giugno	
  

2019)	
  con	
  le	
  F.A.(incluso	
  INFN)	
  	
  per	
  
discutere	
  della	
  partecipazione	
  
internazionale	
  	
  

ü  Il	
  contributo	
  internazionale	
  si	
  sta	
  
focalizzando	
  sulla	
  realizzazione	
  	
  di	
  circa	
  
5000	
  mPMT,	
  EleUronica	
  e	
  Veto	
  System	
  



KM3Net Inspired (MoU with them) 
Proposed first by INFN in 2015 
To be used for both IWC and ID  
R&D finanziato dalla CSN2 dal 2016 

INFN	
  -­‐	
  	
  Far	
  Detector	
  	
  

	
  

Vessel - Pressure test 
Acquisition measurement system for the pressure test 

Strain gauge 

Placement of  strain gages + rain sensors 

Acrylic	
  Cover	
  pressure	
  test	
  &	
  simula9ons	
  

INFN mPMT prototype: main board 

Total Power consumption:  
- ID: 19 ch o a 4.1 W 11 

Readout	
  Electronics	
  

PressureVessel – Mechanical Simulations 

Numerical simulations in stress 
and displacement about 18mm-
thick and 10mm-thick vessels, 
under an external pressure of  1 
MPa, done by the laboratory for 
thermo-physical characterization 
of  manufactured polymers in 
Bari. 
 
Simulations are good with 
10mm-thick vessel 

Stress 
Stroger stress long the edges 

Displacement 
< 0.4 mm (max) 

MulS-­‐PMT	
  R&D	
  	
  
ü  Readout	
  and	
  HV	
  electronics	
  	
  	
  
ü  Acrylic	
  covers	
  (design	
  and	
  

produc9on)	
  
ü  Prototypes:	
  Tests	
  and	
  

CharacterizaSon	
  	
  

Prototype	
  Test	
  @	
  Memphyno	
   First	
  Prototype	
  	
  



mPMT	
  2019-­‐2020:	
  Bari	
  

•  Cara[erizzazione	
  e	
  test	
  dei	
  
proto9pi	
  (Test	
  a	
  Memphyno)	
  
•  Simulazione	
  	
  (oEmizzazione)	
  dei	
  
covers	
  (	
  geometrica	
  e	
  di	
  
materiale)	
  	
  	
  
• Misure	
  specifiche	
  di	
  stress	
  
meccanico,	
  
•  Realizzazione	
  e	
  test	
  di	
  un	
  
ulteriore	
  proto9po	
  “oEmizzato”	
  
di	
  nuovo	
  9po.	
  	
  

Canadian mPMT Overview

• Modular design – view 
to mass production
– Outer structure
– Inner support frame/ 

cooling
– Scintillator disc 
– 3” PMT subassemblies
– Acrylic dome
– Motherboard  + 

daughter boards
• Detailed design + 

assembly process

2

Canadian mPMT Overview

• Modular design – view 
to mass production
– Outer structure
– Inner support frame/ 

cooling
– Scintillator disc 
– 3” PMT subassemblies
– Acrylic dome
– Motherboard  + 

daughter boards
• Detailed design + 

assembly process
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V.Berardi,	
  	
  B.R.	
  de	
  Melo,	
  R.	
  Spina	
  
M.Mongelli	
  per	
  il	
  CAD	
  meccanico	
  



	
  Grazie	
  a	
  tutti	
  per	
  l’aiuto	
  !	
  	
  



T2K a Bari  
	
  
�  Staffs	
  :	
  	
  

�  Vincenzo	
  Berardi	
  (70%)	
  5%	
  ENUBET_CSN2)	
  
�  Maria-­‐Gabriella	
  	
  Catanesi	
  (70%)	
  (5%	
  ENUBET_CSN2)	
  
�  Lorenzo	
  MagaleE(100%)	
  (10%	
  ENUBET_CSN2)	
  
�  Emilio	
  Radicioni(40%)	
  
�  Roberto	
  Spina(50%)	
  	
  

�  Do[orandi	
  e	
  borsis9	
  
�  	
  Bruno	
  Ricardo	
  De	
  Melo	
  Cavalcante	
  (100%)	
  (10%	
  ENUBET_CSN2)	
  
�  	
  +	
  Nicola	
  Fulvio	
  Calabria	
  (borsista	
  INAF	
  =>	
  do[orato)	
  	
  

Ø  Percentuali	
  :	
  4.3	
  FTE	
  	
  
	
  
“ENUBET_una	
  sigla	
  tecnica	
  di	
  un	
  proge[o	
  ERC	
  e	
  quindi	
  richiede	
  piccole	
  percentuali.	
  Inoltre,	
  visto	
  che	
  
ENUBET	
  e'	
  un	
  	
  R&D	
  funzionale	
  a	
  T2K	
  le	
  percentuali	
  T2K	
  e	
  ENUBET	
  si	
  sommano”	
  

	
  
	
  

Responsabile Nazionale :M.G. Catanesi  



	
  Richieste	
  servizi	
  	
  
• Officina	
  meccanica:	
  4	
  mesi	
  
•  3	
  mesi	
  	
  TPC	
  field	
  Cage	
  ,	
  	
  1	
  Mul9PMT	
  	
  Water	
  Cherenkov	
  

• Disegno	
  Meccanico	
  3	
  mesi	
  	
  
•  2	
  TPCs	
  +	
  1	
  meccanica	
  Mul9PMT	
  

•  Ele[ronica	
  1	
  mese	
  
•  Proto9pi	
  (cavi	
  ,	
  assemblaggi)	
  

	
  

Richieste	
  finanziarie	
  :	
  	
  
�  Missioni:	
  si	
  prevedono	
  3	
  mesi	
  di	
  run	
  per	
  T2K	
  ,	
  shi|	
  SK	
  ,	
  	
  
Test	
  alla	
  neutrino	
  plaNorm	
  CERN	
  (NP07)	
  =>	
  	
  70	
  Ke	
  

�  SPServizi	
  =>	
  70	
  Ke	
  	
  (CF	
  T2K	
  +	
  Spese	
  comuni	
  al	
  CERN	
  
JPARC,Kamioka)	
  	
  	
  

�  Consumi/Costruzioni	
  =	
  90K	
  Costruzione	
  TPC	
  +10K	
  	
  R&D	
  
mPMT	
  per	
  Hyper-­‐K)	
  


