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E17:Strong-­‐interacBon	
  ShiJ	
  and	
  Width	
  of	
  Kaonic	
  Helium	
  3	


Atomic orbits of 
Kaonic Helium 3 

3d	
  	
  	
  	
  	
  2p	
  X-­‐rays	
  ~	
  6.2	
  keV	
  	
   

Precision Goal: 
± 2 eV (stat) 
± 2 eV (syst) 



E17 Setup  
Beamline	
  /	
  Beam	
 K1.8BR	
  /	
  K-­‐	
  (pK>0.7	
  GeV/c,	
  discussed	
  later)	


Target	
  	
 Liquid	
  3He	


X-­‐ray	
  detector	
 Silicon	
  DriJ	
  Detector	
  	
  (SDD)	


Secondary	
  parccle	
  detector	
 E15	
  Cylindrical	
  DriJ-­‐chamber	
  System	
  (CDS)	
  

Liquid	
  3He	
  cell	
  
3.4cm(r)×13.8cm(L)	




Silicon Drift Detector (SDD) Status 
  SDD installed in the 3He cryostat 

  Successfully operated 4 SDDs with preamp inside vacuum 

spectrum  

resolution  

ΔEFWHM ~ 140 eV at K-3He X ray (6.2 keV) 

K- 

  Cross-talk suppressed 

SDD dependence 

X-rays 

Well-estimated by  
known formula. 	


Nonlinearity effect  
is also studied. 	




  Optimal temperature/voltage (SDD, preamp.) 

  Some parts of response function depend on incident-angle 
  But, the peak position changes at most 0.5 eV 

MnKa peak 
difference 

<0.5 eV 

  Online: optimization of VETO time after “Reset” & large signals. 
  Offline: Flash ADC (in preparation), pre-gate, tail charge 

SDD Systematic Study @ Test Bench 

TiKa  

NiKa  

MnKa  

MnKa  

MnKb  
electron 
~1300 hits/sec 

  Pileup rejection 

  Incident-angle 

  Energy resolution 
  Time resolution 

For Calib. 

Optimal 

To	
  achieve	
  <2eV	
  absolute	
  energy	
  accuracy	
  at	
  6.2	
  keV….	
  	
  	


Overall	
  systemaBc	
  uncertainty	
  is	
  controlled	
  to	
  be	
  1~2	
  eV.	
  	
  	
  	




4SDDs 

Cell 

Cell 

Heat	
  load	
  of	
  0.08W	
  increased	
  
by	
  installing	
  half	
  sets	
  of	
  x-­‐ray	
  
detectors	
  (4	
  SDDs).	
  
Heat	
  load	
  in	
  8	
  SDDs:	
  0.33	
  W?	


Liquid 3He Target System	




Beam Tuning : Setup (0.7~0.9 GeV/c)	




Beam Tuning:	
  Pt VS. Ni targets   	


For	
  K±,	
  Pt	
  is	
  beger	
  than	
  Ni	
  for	
  both	
  of	
  	
  
K/all	
  raBo	
  and	
  yield	
  per	
  primary	
  proton.	




Beam Tuning:	
  Slit Openings VS K± Yield   	
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Kick-­‐angle	
  is	
  	
  
defined	
  by	
  	
  

Dependences	
  of	
  K±/pbar	
  yields	
  on	
  it	
  	
  
are	
  consistent	
  each	
  other.	


d	
  	
  :gap	
  of	
  	
  electrodes,	
  10cm	
  
l	
  	
  	
  :	
  length	
  of	
  ES1,	
  6m	
  
V	
  :	
  operaconal	
  voltage	
  
E=V/d	
  
p	
  :	
  parccle	
  momentum	
  
βc	
  :	
  parccle	
  velocity	
  

1.	
  Acceptance	
  saturates	
  at	
  ~20	
  mrad.	


2.	
  θK/p-­‐θπ	
  difference	
  should	
  be	
  3	
  mrad	
  or	
  larger	
  for	
  safe	
  K/p-­‐π/e	
  separacon	
  	
  
Verccal	
  displacement	
  of	
  K/p-­‐π	
  at	
  MS1	
  should	
  be	
  >	
  12.5	
  mm	
  	
  for	
  MS1	
  2W(±4.7mm)	
  semng.	
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Beam Tuning:	
  Kick-angle VS K±/pbar Yield  	




Beam Tuning:	
  Comparison of Momentum 
Dependence Calculated VS Measured 	


Calculacon:	
  
1.  Sanford-­‐Wang	
  formula	
  
2.  Kinemacc	
  refleccon	
  w./w.o.	
  
3.  Decay	
  factor	
  :	
  exp(-­‐L/βγcτ)	
  
	
  	
  	
  	
  	
  	
  	
  L=30.7m	
  (T1-­‐>B1,31.1-­‐0.4)	
  
4.	
  	
  	
  Kick	
  angle	
  (for	
  V=±200	
  kV,	
  measured	
  acc.)	
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✓Real	
  data	
  is	
  in	
  between	
  2	
  models.	

✓For	
  K-­‐,	
  simple	
  SW	
  gives	
  beger	
  descripBon.	


K+	


K-­‐	


Deviacon	
  	
  
+	
  L	
  =	
  27.6	
  =>	
  31.1	
  m	


✓Higher	
  momentum	
  is	
  opBmum	
  for	
  E17.	


Proposal	
  



Beam Tuning: Improvement of K± yields	


Sekng	
 K+	
  (kilo/pill)	
 K-­‐	
  (kilo/spill)	


0	
 2.00±0.03	
   0.597±0.015	


1	
 1.98±0.02	
 0.547±0.008	


2	
 2.73±0.02	
 0.790±0.023	


3	
 2.80±0.02	
 -­‐	


4	
 2.84±0.02	
 -­‐	


5	
 3.61±0.07	
   -­‐	


6	
 3.63±0.07	
 1.30±0.06	


7	
 4.26±0.09	
 -­‐	


8	
 4.26±0.07	
 1.50±0.06	
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Kaon	
  yield	
  /	
  1.25	
  1012	
  ppp	
  ≅	
  560	
  SEC	
  
Ni,	
  “1	
  kW”	
  for	
  30	
  GeV,	
  0.167	
  Hz	
  operacon	
  
Verccal	
  :	
  2W,	
  Horizontal	
  :full	
  open	
  
Stacsccal	
  error	
  only	


1.6	
  kW	


1.6	
  kW	


ES1	
  ±200	
  
-­‐>±100	
  kV	


B1	
  removal	
  
from	
  trigger	


Q5/Q6	
  tune	
  

Calc.	
  value	
  (K-­‐)	
  



1.	
  θK/p	
  <	
  20	
  mrad	
  (max	
  acceptance)	


2.	
  θK/p-­‐θπ	
  >	
  3	
  mrad	
  (K/p-­‐π/e	
  separaBon)	
  	


IncompaBble	
  at	
  and	
  above	
  0.80	
  GeV/c	
  for	
  K.	
  	
  
CondiBon	
  2	
  define	
  the	
  angle	
  and	
  K-­‐yield,	
  and	
  	
  
acceptance	
  loss	
  is	
  unavoidable	
  there.	


Beamline	
  
moment	
  
(GeV/c)	


Recommended	
  
voltage	
  	
  
(acceptance	
  max)	
  
for	
  K/p	
  yield	
  	


Min.	
  voltage	
  
required	
  by	
  
K/p-­‐π/e	
  
separaBon	
  

0.70	
 95.3/69.8	
 85.8/26.8	


0.75	
 104.4/78.0	
 104.2/32.1	


0.80	
 113.5/86.5	
 125.0/38.0	


0.85	
 122.5/95.1	
 148.6/44.6	


0.90	
 131.5/103.8	
 174.9/52.0	


0.95	
 140.5/112.7	
 204.3/60.2	


1.0	
 149.4/121.5	
 236.9/69.1	


1.05	
 158.4/130.5	
 272.8/79.0	


1.10	
 167.3/139.5	
 312.2/89.8	


✓Present	
  operaBonal	
  	
  limit	
  of	
  ±200	
  kV	
  stands	
  for	
  only	
  up	
  to	
  ~0.9	
  GeV/c.	
  
-­‐>	
  OperaBonal	
  limit	
  should	
  be	
  enlarged	
  up	
  to	
  ±320	
  kV	
  for	
  1.1	
  GeV	
  (Max.	
  Mom.	
  )	
  operaBon.	
  	


Beam Tuning: Recommended ES1 Voltage	




Beam Tuning : Expected Kaon Yields	
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Momentum	
  
(GeV/c)	


K+	
  

(kilo/spill)	

K-­‐	
  	
  

(kilo/spill)	


0.70	
  (default)	
  
	
  	
  	
  	
  	
  (opcmum)	


4.56±0.12	
  
5.36±0.13	
  

1.54±0.09	
  
1.78±0.10	
  

0.75	
 7.85±0.18	
  
9.22±0.19	
  

2.38±0.13	
  
2.75±0.14	
  

0.80	
 11.98±0.27	
  
14.07±0.28	
  

3.79±0.21	
  
4.38±0.22	
  

0.85	
 16.83±0.37	
  
19.78±0.39	
  

5.83±0.32	
  
6.72±0.34	
  

0.90	
 23.73±0.53	
  
27.89±0.57	
  

8.50±0.48	
  
9.81±0.51	
  

Kaon	
  yield	
  /	
  1.25	
  1012	
  ppp	
  ≅	
  560	
  SEC	
  
Pt,“1	
  kW”	
  for	
  30	
  GeV,	
  0.167	
  Hz	
  operacon	
  
Verccal	
  :2W,	
  Horizontal	
  :full	
  open	
  
Recommended	
  ES1	
  voltage	
  
Stacsccal	
  error	
  only	


Input	
  for	
  opBmum	
  momentum	
  decision.	




1.	
  Efficiency	
  of	
  CDC	
  was	
  measured	
  using	
  90Sr	
  
source	
  

-­‐>	
  Efficiency	
  of	
  >99%	
  was	
  achieved	
  for	
  all	
  
layers	
  	
  

2.	
  Excitacon	
  test	
  of	
  Solenoid	
  Magnet	
  have	
  
been	
  performed	
  in	
  May	
  2010	
  

-­‐>	
  Design	
  value	
  (max	
  field	
  :	
  0.7T)	
  was	
  
successfully	
  achieved	
  

3.	
  We’ve	
  	
  got	
  CDS	
  	
  
	
  	
  	
  Commissioning	
  data	
  
	
  	
  	
  with	
  0.5	
  T	
  magnecc	
  	
  
	
  	
  	
  field.	
  Now	
  ,analysis	
  
	
  	
  	
  are	
  under	
  way.	
  

Using 90Sr 

•  All of the components(CDC, CDH) have been installed into 
the solenoid magnet. 

Typical Event Display 

Pt=	
  ~0.415GeV/c	
  

Current Status of CDS	
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SDD 
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  LN2 cooling test 
  Resolution check 
  Studies with fluorescence 

X-rays 
  Optimization of settings 
   (heater power / trigger 

circuit) 
  Long-term stability test 
  LHe4(3) cooling  test 

Pr
ep

ar
at

io
n 

to
 m

ov
e 

Cooling  
test with 

LHe4   

LHe4(3) 
cooling 
test 

basic studies with test bench 

Leak test  
etc. 

In
st

al
la

tio
n 

on
 th

e 
be

am
lin

e 
D

at
a 

ta
ki

ng
 w

ith
 b

ea
m

 

R
ea

ss
em

bl
in

g 
at

 K
1.

8B
R

 

B
e 

ce
ll 

in
st

al
la

tio
n 

(fi
na

l s
et

up
) 

LHe43 
cooling 

test	
  

place at temporary space 

Operation 
check 

  ready 
for 
data 
taking 

A
na

ly
si

s 
/ m

od
ifi

ca
tio

n 
of

 s
et

tin
gs

  
   

   
   

   
   

   
(if

 n
ee

de
d)

  

Final setup Installation  

Near-Future Schedule (E17-related part)	


Beam 

CDS 

Beam	
  Bme	
  (Oct.	
  12~Nov.14,	
  24	
  days)	


K1.8BR	
  
tuning	
  

Stop	
  K-­‐	
  

tuning	
  

Commissioning	
  
with	
  beam	
  (E15)	
   In

st
al
la
B
on

	
  
of
	
  in
ne

r	
  
	
  

de
vi
ce
s	




Beam measurements in this autumn	


Beamline	
  
	
  	
  	
  	
  	
  	
  	
  ✓Further	
  Kaon	
  tuning	
  	
  
	
  	
  	
  	
  	
  	
  	
  ✓Beam	
  momentum	
  	
  analyze	
  by	
  D5	
  
	
  	
  	
  	
  	
  	
  	
  ✓Range	
  measurement	
  to	
  opcmize	
  stopped	
  K-­‐	
  number	
  
CDS	
  
	
  	
  	
  	
  	
  	
  	
  ✓(in-­‐flight	
  π+,	
  p)	
  run	
  	
  
	
  	
  	
  	
  	
  	
  	
  ✓(in-­‐flight	
  π+,	
  p)	
  run	
  	
  with	
  CDS	
  field	
  (E15)	
  
	
  	
  	
  	
  	
  	
  	
  ✓(in-­‐flight	
  K-­‐	
  ,	
  K0S/Λ	
  )	
  run	
  with	
  CDS	
  filed	
  (E15)	


SDD	
  
	
  	
  	
  	
  	
  	
  	
  ✓Check	
  of	
  the	
  calibracon	
  peaks	
  (yield,	
  S/N	
  raco,	
  trigger)	
  
	
  	
  	
  	
  	
  	
  	
  ✓Rate	
  dependence	
  (response	
  funccon,	
  live	
  cme	
  rate,	
  etc.)	
  

Oct.	
  ~	
  Nov.	
  beam	
  Bme	
  will	
  be	
  devoted	
  to	
  the	
  further	
  	
  beamline	
  	
  
commissioning	
  and	
  detector	
  tuning.	


We	
  will	
  be	
  ready	
  to	
  start	
  the	
  physics	
  run	
  by	
  the	
  end	
  
of	
  the	
  year	
  2010.	




Expected	
  Lα	
  x-­‐ray	
  yield,	
  in	
  comparison	
  with	
  KEK	
  E570	
  result	
  (dashed	
  quanBBes)	
  :	
  

In	
  order	
  to	
  achieve	
  	
   ΔEstat  ≈2	
  eV	
  	
  (E17	
  proposal)	
  
　　　Y(3d-­‐>2p)≈Y’(3d-­‐>2p)≈2×103	
  events	
  (ΔEstat~	
  σE=6.2	
  keV/Y1/2)	
  
　　　　　　　Nstop	
  K-­‐	
  =	
  N’	
  stop	
  K-­‐	
  /15.4	
  ~	
  6×106	
  	
  	
  (N’	
  stop	
  K-­‐	
  ~	
  90M)	
  
K-­‐	
  beam	
  intensity@750	
  MeV/c	
  =	
  1.5	
  k	
  /spill	
  	
  (1kW	
  -­‐	
  0.167Hz,	
  Ni)	
  
Stopping	
  Efficiency	
  of	
  K-­‐:	
  0.4%-­‐>	
  Number	
  of	
  stopped	
  K-­‐	
  ≈	
  6	
  /spill.	
  	
  
	
  =>	
  Required	
  spill	
  number:	
  6×106/6	
  =	
  1×106	
  	
  	
  (208	
  shiJs	
  ~	
  10	
  weeks)	
  

Raco	
  of	
  K-­‐stopped	
   DAQ	
  effic.	
  
raco	
  ~	
  1.0	
  

x-­‐ray	
  deteccon	
  	
  
effic.	
  raco=	
  7.7	
  

Vertex	
  deteccon	
  
effic.	
  raco	
  =	
  2.0	
  

Setup	
  dependent	
  term	
  ~	
  15.4	
  Bmes	
  (VS	
  E570)	

Depending	
  on	
  integrated	
  	
  
beam	
  Intensity	
  	
  

Beam Requirements (for Physics Run)	


We	
  require	
  10	
  kWweek	
  to	
  achieve	
  the	
  precision	
  goal.	




Summary	

PreparaBon	
  status	
  -­‐	
  
	
  ✓R&D	
  of	
  SDD	
  at	
  KEK	
  is	
  finished,	
  and	
  possible	
  sources	
  of	
  systemacc	
  errors	
  

are	
  invescgated	
  well.	
  Systemacc	
  error	
  for	
  the	
  x-­‐ray	
  energy	
  is	
  now	
  
controlled	
  to	
  be	
  1~2	
  eV.	
  

	
  ✓3He	
  target	
  is	
  operatable	
  under	
  “E17”	
  mode,	
  and	
  ready	
  for	
  moving	
  to	
  J-­‐
PARC	
  together	
  with	
  SDD.	
  

	
  ✓K1.8BR	
  Kaon	
  tuning	
  is	
  proceeding	
  rapidly.	
  Pt	
  target	
  is	
  superior	
  than	
  Ni	
  in	
  all	
  
aspects.	
  Kaon	
  yield	
  at	
  0.75	
  GeV/c	
  agree	
  with	
  calc.,	
  but	
  more	
  steeply	
  
increase	
  with	
  momentum	
  than	
  expectacon.	
  	
  Beamline	
  momentum	
  for	
  
physics	
  run	
  may	
  be	
  enlarged	
  from	
  0.75	
  GeV/c.	
  	
  	
  

Beam	
  usage	
  of	
  this	
  autumn	
  -­‐	
  	
  
	
  ✓Beamline	
  :	
  momentum	
  analyze	
  by	
  D5	
  /	
  Opcmizacon	
  of	
  stop	
  K-­‐.	
  	
  

	
  ✓CDS	
  :	
  Beam	
  calibracon.	
  	
  
	
  ✓SDD	
  :	
  Confirmacon	
  of	
  calibracon	
  peaks	
  /	
  Rate	
  study.	
  
	
  Aver	
  these	
  measurements,	
  we	
  will	
  be	
  ready	
  to	
  start	
  physics	
  run.	
  

Beam	
  requests	
  
	
  ✓We	
  require	
  10	
  kWweek	
  to	
  achieve	
  the	
  stacsccal	
  uncertainty	
  of	
  2	
  eV.	
  with	
  Ni.	
  
	
  ✓We	
  	
  requests	
  the	
  usage	
  of	
  Pt,	
  with	
  which	
  higher	
  K/others	
  raco	
  is	
  realized	
  and	
  

integrated	
  primary	
  beam	
  intensity	
  is	
  1.8~1.9	
  cmes	
  reduced.	
  	
  



Long-term stability – peak channel, 
resolution	




Beam	
  envelop	
  of	
  K1.8BR	
  Op.2’	
  （1st　Order)	
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D1	
  

Mass	
  Slit	
  1	
  (MS1)	
  
R33＝0.844,	
  R34=0	
  
T324=0,	
  T346=0	


IF	
  Slit	
  
R33＝-­‐0.378	
  
R34=0	


Mom.	
  Slit	
  
R16＝7.3cm/%	


FF	
  
s11:	
  
s33:	
  
R16~0	


(VI)	
  
R12~0	
  
R16~4cm/%	


20mr	


50mr	




Beam	
  Tuning	
  :	
  Semngs	
  	
  	


Set	
  	
   Run	
  
(+/-­‐)	


ES1	
  
(±kV)	


CM(A)	
  
(+/-­‐)	


D5(A)	
 Q5/Q6	
  
(A)	


Acryl	
  
plates	
  

Sub.	
  
coil	
  
short	


B1	
   IF-­‐V	
  
center
(mm)	


M.S.	
  
center	
  
(mm)	
  

1	
 972/1001	
 200	
 349/354	
 1230	
 311/400	
 on	
 off	
 on	
 1.8	
 0.2	


2	
 982/991	
 100	
 175/178	
 1230	
 311/400	
 on	
 off	
 on	
 1.8	
 0.2	


3	
 1067/-­‐	
 100	
 175/-­‐	
 1230	
 311/400	
 on	
 on	
 on	
 1.8	
 0.2	


4	
 1071/-­‐	
 100	
 175/-­‐	
 1217.7	
 311/400	
 on	
 on	
 on	
 1.8	
 0.2	


5	
 1074/-­‐	
 100	
 173/-­‐	
 1217.7	
 311/400	
 on	
 on	
 off	
 1.8	
 0.3	


6	
 1136/1149	
 100	
 173/177	
 1217.7	
 311/400	
 off	
 on	
 off	
 1.8	
 0.3	


7	
 1079/-­‐	
 100	
 173/-­‐	
 1217.7	
 342/480	
 on	
 on	
 off	
 1.8	
 0.3	


8	
 1138/1150	
 100	
 173/177	
 1217.7	
 342/480	
 off	
 on	
 off	
 1.8	
 0.3	


0	
 947/928	
 200	
 351/355	
 1230	
 311/400	
 on	
 off	
 on	
 2.0	
 0.0	


Ni	
  target	
  /	
  30	
  GeV,	
  0.167	
  Hz,	
  1	
  kW	
  (1.6	
  kW	
  only	
  for	
  set	
  7)	
  /	
  0.75	
  GeV/c	


✔	
  IF-­‐H/Mom.	
  slit	
  full	
  open,	
  Verccal	
  slits	
  are	
  opened	
  twice	
  the	
  designed	
  value.	

✔Set	
  0	
  is	
  with	
  similar	
  condicon	
  to	
  set	
  1,	
  but	
  from	
  Run#29.	
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transition e.m.energy events
(3-2)           6.224           1209 40
(4-2)           8.399             220 22
(5-2)           9.406               90.0 18
(6-2)           9.953               65.8 24
higher < 11.4                 397 40

Ti
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never measured 
before !
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shift = - 1.7 eV
+- 2.7 eV (stat.)
+- 4 eV (syst.) 
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