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E15	
  /	
  E31	
  /	
  E17	
  /	
  P57

to	
  study	
  KbarN	
  interacBon



Kaon	
  Physics	
  @	
  K1.8BR
• E15	
  (KbarNN	
  bound-­‐state	
  search)	
  

– KbarN	
  interaction	
  below	
  threshold	
  (I=0	
  dominant)	
  

– new	
  information	
  on	
  the	
  building	
  block	
  of	
  hadron	
  

• E31	
  (Λ(1405)	
  measurement)	
  
– KbarN	
  induced	
  Λ(1405),	
  spectral	
  study	
  of	
  Λ(1405)	
  formation	
  

• E17	
  (K-­‐-­‐3He	
  /	
  4He	
  atom	
  measurement	
  (2p))	
  
– KbarN	
  interaction	
  at	
  threshold	
  energy	
  

• P57	
  (K-­‐d	
  atom	
  measurement	
  (1s))	
  
– isospin	
  dependence	
  of	
  KbarN	
  interaction	
  at	
  threshold	
  energy

	
  Study	
  KbarN	
  interaction	
  complimentary	
  
	
   -­‐	
  with	
  different	
  channels	
  &	
  processes	
  
	
   -­‐	
  sensitive	
  in	
  different	
  energy	
  region	
  &	
  isospin	
  
	
  	
  	
  	
  	
  to	
  provide	
  new	
  insight	
  of	
  QCD	
   2

J.	
  Zmeskal

S.	
  Okada

H.	
  Noumi

M.	
  Iwasaki



For	
  20th	
  PAC	
  mee.ng

E15	
  St.R.	
  of	
  CalibraBon	
  Run	
  
3He(K-­‐,NX±)	
  :	
  d(K-­‐,NX±),	
  p(K-­‐,NX±)	
  

	
  &	
  2nd	
  stage	
  request
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for	
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E15:	
  “K-­‐pp”	
  search	
  via	
  3He(K-­‐,n)	
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Calibration	
  Run	
  with	
  H2/D2	
  @	
  Run#62

5

objecBve:

3) understand the response function of NC / PC

2) define efficiency of NC 

1) compare spectral functions of different targets 

4) pilot run for E31 → Noumi’s presentation
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● Event-­‐vertex	
  reconstruction	
  (for	
  fiducial	
  event	
  selection)

● PID	
  with	
  CDS



) missing energy [GeV]0,nK-p(K
0.10− 0.05− 0.00 0.05 0.10 0.15 0.20 0.25 0.30

 C
ou

nt
s 

/ 5
 M

eV

0

20

40

60

80

100

120

 upper sidebands
0K

 lower sidebands
0K

abs(X@NC)<120 cm 
abs(Y@NC)<60 cm

NC size 
±160 cm (X) × ± 75 cm (Y) 

kinematical consistency check

~ 0.9estimated by MC 
~ 0.9 @ H2 
~ 0.6 @ 3He

NC detection efficiency can be 
evaluated at the precision of ~1%

c.f.) 23 ± 4% @ 3He target

n (we know where to go)

π +

π - K0

CDS

“neutron direction” can be calculated 
by incoming K- & K0 decay

check whether 
hit in NC

S

]2)X missing mass [GeV/c0,K-p(K
0.8 0.9 1.0 1.1 1.2 1.3

 C
ou

nt
s 

/ 1
0 

M
eV

0

100

200

300

400

500

600

 upper sidebands
0K

 lower sidebands
0K

abs(X@NC)<120 cm 
abs(Y@NC)<60 cm

final state selection & 
calculate neutron direction

NC	
  Efficiency	
  Evaluation	
  using	
  p(K-­‐,K0)n

n

n	
  
id
en
I
fic
aI

on
	
  w
in
do

w

(w/o	
  requesting	
  NC	
  hit)
n	
  
hi
t	
  i
n	
  
N
C	
  
	
  

(k
in
em

aI
ca
lly
	
  c
on

si
st
en
t)



!"#$!%&#'($)*+,-.Σ/0

!1234!"#$!5
36

789:;:,'<+5:=8

!>?2?!"#$!56 43

!"#$!%&#'($)*+,-.Σ/0

!@2?4!"#$!563

A?B,.C!DE8FG';
H%69C!*/32IJ 32K3 32KJ 32J3 32JJ 32L3 32LJ

323

32J

>23

>2J

?23

?2J

I23

I2J

K23
.!DE8FA3M%632?3;32>3;323332>3I>3C

!N
*
+
,
"5

!G
!>

3
!O

8
F

!N
*
+
,
"5

!G
!>

3
!O

8
F

!N
*
+
,
"5

!G
!>

3
!O

8
F

789:;:,'<+5:=8

AB,.C!DE8FG'9C!*/!-%6
; ?>2I3 >2IJ >2K3 >2KJ >2J3 >2JJ >2L3

323

32J

>23

>2J

?23

?2J

I23

I2J

K23

H.!DE8FAM%6
;32?3;32>3;323332>3I>3C

!"#$!%&#'($)*+,-.Σ/0

789:;:,'<+5:=8

?2?J ?2I3 ?2IJ ?2K3 ?2KJ ?2J3 ?2JJ

I>3C 32?3;32>3;323332>3

A?B,.C!DE8FG';
P8%6I9C!*/

323

32J

>23

>2J

?23

?2J

I23

HH.!DE8FA
;

M%6

!"#$%!&'(!)
$*

!+,#,!&'(!)* %$

!-#,%!&'(!)*$

.,/012!3456789
:;*<2!=>$#?@ $#A$ $#A@ $#@$ $#@@ $#B$ $#B@

$#$

$#@

+#$

+#@

,#$

,#@

?#$

?#@

A#$
1!3456.$C;*$#,$9$#+$9$#$$$#+$?+$2

!D
=
E
0
&)

!7
!+

$
!F

5
6

!D
=
E
0
&)

!7
!+

$
!F

5
6

!D
=
E
0
&)

!7
!+

$
!F

5
6

./012!345678<2!=>!G;*
9 ,+#?$ +#?@ +#A$ +#A@ +#@$ +#@@ +#B$

$#$

$#@

+#$

+#@

,#$

,#@

?#$

?#@

A#$

:1!3456.C;*
9$#,$9$#+$9$#$$$#+$?+$2

,#,@ ,#?$ ,#?@ ,#A$ ,#A@ ,#@$ ,#@@

?+$2 $#,$9$#+$9$#$$$#+$

.,/012!3456789
H5;*?<2!=>

$#$

$#@

+#$

+#@

,#$

,#@

?#$

::1!3456.
9

C;*

Spectra	
  of	
  (K-­‐,nK0)	
  events	
  on	
  p/d/3He
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M(K-­‐)
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• d(K-­‐,n)X

• 3He(K-­‐,n)X
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  motion
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  motion

π	
  production	
  threshold
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  production	
  threshold



!"#$!%&#'($)*+,-.Σ/0

!1234!"#$!5
36

789:;:,'<+5:=8

!>?2?!"#$!56 43

!"#$!%&#'($)*+,-.Σ/0

!@2?4!"#$!563

A?B,.C!DE8FG';
H%69C!*/32IJ 32K3 32KJ 32J3 32JJ 32L3 32LJ

323

32J

>23

>2J

?23

?2J

I23

I2J

K23
.!DE8FA3M%632?3;32>3;323332>3I>3C

!N
*
+
,
"5

!G
!>

3
!O

8
F

!N
*
+
,
"5

!G
!>

3
!O

8
F

!N
*
+
,
"5

!G
!>

3
!O

8
F

789:;:,'<+5:=8

AB,.C!DE8FG'9C!*/!-%6
; ?>2I3 >2IJ >2K3 >2KJ >2J3 >2JJ >2L3

323

32J

>23

>2J

?23

?2J

I23

I2J

K23

H.!DE8FAM%6
;32?3;32>3;323332>3I>3C

!"#$!%&#'($)*+,-.Σ/0

789:;:,'<+5:=8

?2?J ?2I3 ?2IJ ?2K3 ?2KJ ?2J3 ?2JJ

I>3C 32?3;32>3;323332>3

A?B,.C!DE8FG';
P8%6I9C!*/

323

32J

>23

>2J

?23

?2J

I23

HH.!DE8FA
;

M%6

Spectra	
  of	
  (K-­‐,nK0)	
  events	
  on	
  p/d/3He
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Calibration	
  Run

10

Very	
  successful



Progress	
  in	
  E15	
  Analysis

11

1) semi-inclusive data → publication 

2) Λp + nmis  data → preparation on publication 

3) other channels → more data needed 
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Decay	
  channel

missingp)n,Λ-He(K3p) of  I.M. (Λ
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Exclusive	
  3He(K-­‐,Λp)nmis	
  by	
  3NA

• The	
  spectrum	
  CANNOT	
  be	
  reproduced	
  only	
  by	
  3NA	
  
• Clear	
  structure	
  is	
  seen	
  around	
  KNN	
  threshold	
  

– NOT	
  explained	
  by	
  any	
  2-­‐step	
  reactions,	
  such	
  as	
  Λ*N!Λp 13
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Kinematics	
  of	
  the	
  Structure

• low-­‐momentum	
  transfer	
  is	
  enhanced	
  
• isotropic	
  decay

14

Mom.	
  Trans	
  vs.	
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Assuming	
  Breit-­‐Wigner

• χ2-­‐test	
  with	
  Breit-­‐Wigner	
  and	
  3NA	
  backgrounds	
  
– assume	
  isotropic	
  Λp	
  decay	
  as	
  a	
  function	
  of	
  mass	
  and	
  width

15

χ2/NDF=62.3	
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CompilaBon	
  of	
  other	
  	
  final	
  states

“KNN” → pΣ0
“KNN” → pπ±Σ∓

“KNN” → Λp (w/ n in NC)
original	
  aim	
  of	
  E15



in ppn tagged events

K- + 3He → Σ0 + p + n  
Σ0→Λγ→p+π CDS 
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Kinema.cally-­‐complete	
  measurement	
  of	
  
3He(K-­‐,	
  Λpn)

• Minimum	
  momentum	
  transfer	
  of	
  the	
  3He(K-­‐,n)	
  reac.on	
  	
  

 à would	
  enhance	
  the	
  S-­‐1	
  di-­‐baryon	
  produc.on	
  

• x100	
  beam	
  Bme	
  is	
  required 19

only	
  
~15	
  events



Simply	
  need	
  more	
  data	
  for	
  	
  
other	
  decay	
  channel	
  /	
  full	
  kinemaBc

x	
  10 x	
  100



21



New	
  Measurement	
  of  
	
  1.0	
  GeV/c	
  K-­‐	
  Yield	
  @	
  Run#62

MR	
  power Kaon	
  yield K/pi	
  ratio Beam	
  intensity
Run#49c	
  (24kW) 140	
  k/spill 0.45 450k/spill

Run#62	
  (24kW) 110	
  k/spill 0.48 340k/spill

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (26.5kW) 130	
  k/spill 0.47 400k/spill

40kW 200	
  k/spill? 0.45? 650k/spill?

50kW 250	
  k/spill? 0.45? 800k/spill?

100kW 500	
  k/spill? 0.45? 1.6M/spill?

ESS=+/-­‐200kV,	
  
IFV/MS=1W,	
  IFH/MOM=full

Run#62

autumn	
  
	
  2015?

2016???40kW	
  
200k/spill	
  K-­‐

50kW	
  
250k/spill	
  K-­‐
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Updated	
  Beam-­‐Time	
  Request	
  for	
  E15-­‐2nd

*	
  production	
  target:	
  Au	
  50%	
  loss,	
  spill	
  length:	
  2s,	
  spill	
  duty	
  factor:	
  35~45%,	
  K/pi	
  ratio:	
  ~1/2	
  
*	
  ~70%	
  of	
  beam	
  kaons	
  hit	
  the	
  fiducial	
  volume	
  of	
  3He	
  target

We	
  wish	
  to	
  perform	
  
	
  E15	
  2nd	
  Physics-­‐Run	
  
	
  in	
  autumn	
  2015

Exp.	
  
Target

Primary-­‐beam	
  
intensity

Secondary-­‐
kaon	
  intensity

Duration
Kaons	
  on	
  target	
  
(w/	
  tgt	
  selection)

May,	
  2013	
  
(Run#49c)

3He 24	
  kW	
  
(30	
  Tppp,	
  6s) 140	
  k/spill 88	
  h 5.3	
  x	
  109

Apr-­‐May,	
  2015	
  
(Run#62)

H2
26.5	
  kW	
  

(33	
  Tppp,	
  6s) 130	
  k/spill 73	
  h 3.7	
  x	
  109

Apr-­‐May,	
  2015	
  
(Run#62)

D2
26.5	
  kW	
  

(33	
  Tppp,	
  6s) 130	
  k/spill 53	
  h 2.8	
  x	
  109

Autumn,	
  2015 3He 40	
  kW	
  
(50	
  Tppp,	
  6s)

200k/spill 26d 50x109

E151st

E152nd

calibration

calibration

(done)

(done)

(done)
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Summary
• Beam-­‐time	
  request	
  for	
  E152nd	
  
– 31	
  days	
  with	
  40kW	
  [=50*109	
  K-­‐	
  on	
  target]	
  

• 	
  including	
  commissioning,	
  4He-­‐refill	
  time,	
  acc/exp-­‐eff.(0.9)	
  
– the	
  results	
  would	
  provide	
  fruitful	
  information	
  on	
  KbarN	
  
interaction	
  

• Analysis	
  status	
  of	
  E151st	
  
– Semi-­‐inclusive	
  3He(K-­‐,n)X:	
  	
  PTEP(2015)061D01	
  
– Exclusive	
  3He(K-­‐,Λp)n:	
  	
  	
  	
  	
  	
  	
  	
  paper	
  in	
  preparation	
  

• Calibration	
  with	
  D2/H2	
  targets	
  @	
  Run#62	
  
– Analysis	
  is	
  going	
  on	
  

• (detailed)	
  spectrometer	
  performances	
  
• elementary	
  N(K-­‐,N)X	
  reactions	
  for	
  3He(K-­‐,N)	
  analysis

24
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Calibration	
  Run	
  with	
  H2/D2	
  @	
  RUN#62

• Calibration	
  run	
  for	
  E15	
  was	
  successfully	
  accomplished	
  
– To	
  evaluate	
  

• (detailed)	
  spectrometer	
  performances	
  

• elementary	
  N(K-­‐,N)X	
  reactions	
  for	
  3He(K-­‐,N)	
  analysis

Exp.	
  
Target

Primary-­‐beam	
  
intensity

Secondary-­‐
kaon	
  intensity

Duration
Kaons	
  on	
  target	
  
(w/	
  tgt	
  selection)

May,	
  2013	
  
(Run#49c)

3He 24	
  kW	
  
(30	
  Tppp,	
  6s) 140	
  k/spill 88	
  h 5.3	
  x	
  109

Apr-­‐May,	
  2015	
  
(Run#62)

H2
26.5	
  kW	
  

(33	
  Tppp,	
  6s) 130	
  k/spill 73	
  h 3.7	
  x	
  109

Apr-­‐May,	
  2015	
  
(Run#62)

D2
26.5	
  kW	
  

(33	
  Tppp,	
  6s) 130	
  k/spill 53	
  h 2.8	
  x	
  109

*	
  production	
  target:	
  Au	
  50%	
  loss,	
  spill	
  length:	
  2s,	
  spill	
  duty	
  factor:	
  35~45%,	
  K/pi	
  ratio:	
  ~1/2	
  
*	
  ~70%	
  of	
  beam	
  kaons	
  hit	
  the	
  fiducial	
  volume	
  of	
  3He	
  target
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Execution	
  Summary	
  Beam-­‐time	
  @	
  RUN#62

Commissioning	
  run	
  
• Beam-­‐line	
  tuning	
  

– 7.0h	
  
• -­‐0.9GeV/c	
  K	
  w/	
  H2	
  

– 2.6h	
  
• -­‐1.1GeV/c	
  K	
  w/	
  H2	
  

– 6.4h	
  
• -­‐1.0GeV/c	
  K	
  	
  

– 8.3h
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Publication(s)	
  from	
  the	
  E151st

Semi-­‐inclusive	
  3He(K-­‐,n)X

Exclusive	
  3He(K-­‐,Λp)nT.Hashimoto	
  et	
  al.,	
  
PTEP(2015)061D01

Y.Sada	
  et	
  al.,	
  
paper	
  in	
  preparation
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(K-­‐,p)	
  Calibration	
  with	
  H2-­‐target

• Calibration	
  of	
  (K-­‐,p)	
  measurement	
  has	
  also	
  been	
  done	
  
– calibration	
  for	
  3He(K-­‐,p)	
  analysis	
  

• Analysis	
  of	
  3He(K-­‐,n/p)	
  isospin-­‐dependence	
  is	
  in	
  progress30

p(K-­‐,n)X p(K-­‐,p)X
K-­‐p!K0n K-­‐p!K-­‐p
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Thank	
  you	
  for	
  ayenBon!


