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Agenda	  

*	  -‐-‐-‐	  Wednesday,	  31	  July	  

*	  -‐-‐-‐	  1030	  -‐	  1200	  

•  Status	  of	  studies	  

	  	  	  	  	  	  (D.Glenzinski)	  

	  	  	  	  	  	  20+10’	  

•  DIO	  EsLmates	  with	  x10	  muons	  

	  	  	  	  	  	  (D.	  Brown)	  

	  	  	  	  	  	  20+10’	  

•  DIO	  EsLmates	  with	  Ti	  

	  	  	  	  	  	  (K.	  Knoepfel)	  
	  	  	  	  	  	  20+10’	  

*	  -‐-‐-‐	  Thursday,	  01	  August	  

*	  -‐-‐-‐	  0830	  –	  1200	  

•  Effect	  of	  neutrons	  on	  Trkr	  and	  Calo.	  
	  	  	  	  	  	  	  (A.	  Mukherjee)	  	  20+10’	  

•  Neutron	  rates	  with	  1	  or	  3	  GeV	  protons	  

	  	  	  	  	  	  (D.	  Hedin)	  20+10’	  

•  Studies	  of	  producLon	  target	  at	  100kW	  

	  	  	  	  	  	  	  (V.	  Pronskikh)	  	  20+10’	  

•  Coffee	  (All)	  30’	  

•  Studies	  of	  PS	  at	  higher	  beam	  power	  

	  	  	  	  	  	  	  (M.	  Lamm)	  	  20+10’	  

•  Work	  List	  Discussion	  

	  	  	  	  	  	  	  (All)	  	  30’	  
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Outline	  

•  IntroducLon	  
•  Review	  of	  ANL	  material	  

•  Work	  List	  

•  Time	  Line	  

•  Summary	  
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Recall	  

•  We	  first	  showed	  some	  studies	  we	  did	  
concerning	  the	  feasibility	  of	  a	  next-‐generaLon	  
Mu2e	  at	  the	  IF	  meeLng	  at	  ANL	  in	  April.	  

	  	  	  	  	  	  	  	  haps://indico.fnal.gov/contribuLonDisplay.py?sessionId=1&contribId=69&confId=6248	  

•  Goal	  of	  this	  talk	  is	  just	  to	  remind	  you	  what	  we	  
learned	  and	  what	  we	  concluded	  from	  those	  
studies.	  
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IntroducLon	  

•  “Mu2e-‐II”	  ==	  improve	  sensiLvity	  by	  x10	  using	  
Project-‐X	  beams	  
– Our	  studies	  focused	  here	  
– a	  priori	  seemed	  plausibly	  achievable	  with	  modest	  
upgrades	  to	  currently	  planned	  facility	  

•  “Mu2e-‐III”	  ==	  improvements	  in	  sensiLvity	  by	  
x100	  or	  more	  
– Requires	  significant	  upgrades	  (e.g.	  new	  beam	  
transport)	  
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IntroducLon	  

•  Is	  x10	  interesLng?	  
– Mu2e	  observes	  CLFV	  at	  >=5σ	


•  Switch	  targets	  and	  measure	  raLo	  of	  rate	  to	  further	  
discriminate	  models	  of	  underlying	  physics	  

– Mu2e	  observes	  hints	  of	  CLFV	  at	  ~3σ	

•  Collect	  x10	  data	  to	  definiLvely	  resolve	  the	  situaLon	  

– Mu2e	  sets	  stringent	  new	  limit	  on	  CLFV	  
•  Collect	  x10	  data	  and	  explore	  new	  parameter	  space	  
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Mu2e-‐II	  Target	  SensiLvity	  

•  Current	  Mu2e:	  
– Single-‐event-‐sensiLvity	  (ses)	  =	  2.5	  E-‐17	  
– Mean	  expected	  background	  =	  0.4	  

•  Targets	  for	  Mu2e-‐II:	  
– ses(Mu2e-‐II)	  =	  ses(Mu2e)/10	  =	  2.5	  E	  -‐18	  
– Keep	  expected	  background	  <1	  event	  
–  ie.	  keep	  discovery	  sensiLvity	  scaling	  linearly	  with	  
number	  of	  stopped	  muons	  
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Project	  X	  Inputs	  
•  Assume	  Project	  X	  (PX)	  delivers	  

– Proton	  pulses	  with	  a	  full-‐base	  width	  of	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
100	  ns	  	  [200ns]	  

– Duty	  factor	  of	  90%	  	  [30%]	  
–  Intrinsic	  exLncLon	  <1E-‐6	  	  	  [1E-‐4]	  

•  to	  yield	  a	  total	  exLncLon	  of	  <	  1E-‐12	  	  [1E-‐10]	  
– Protons	  at	  1	  or	  3	  GeV	  	  [8	  GeV]	  
– A	  beam	  transport	  scheme	  to	  the	  current	  Mu2e	  
beamline	  
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Numbers	  in	  [	  ]	  brackets	  correspond	  to	  currently	  planned	  Mu2e	  performance.	  



Other	  Relevant	  Parameters	  
•  We	  used	  the	  same	  1695	  ns	  proton-‐pulse	  spacing	  

–  Simplifies	  many	  of	  the	  calculaLons	  performed	  
–  For	  the	  studies	  so	  far	  performed,	  does	  not	  dramaLcally	  
affect	  the	  sensiLvity	  

•  We	  assume	  same	  run	  Lme	  (3yr	  at	  2E7	  s/yr)	  
–  Simplifies	  many	  of	  the	  calculaLons	  performed	  

•  We	  assume	  Tracker,	  CRV,	  Calorimeter	  performance	  
unchanged	  
–  Simplifies	  many	  of	  the	  calculaLons	  performed	  
–  Needs	  to	  be	  studied	  

•  We	  invesLgated	  a	  few	  stop-‐target	  materials	  
–  Al.	  	  Ti.	  	  Au.	  
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Signal	  Timing	  Windows	  

•  Mu2e:	  (670,	  1595)	  ns	  
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•  Mu2e-‐II:	  (670,	  1645)	  ns	  

signal	  Lming	  window	  

signal	  Lming	  window	  

8	  GeV	  protons	  

1,	  3	  GeV	  protons	  

Kyle	  Knoepfel	  
Kyle	  Knoepfel	  



SimulaLons	  
•  Beamline	  yields	  (G4Beamline)	  

– Started	  from	  current	  Mu2e	  simulaLon	  including	  all	  
solenoids,	  collimators,	  pbar	  window,	  magneLc	  
field	  map,	  stopping	  target	  geometry,	  internal	  
absorbers,	  etc.	  

– Simulated	  protons	  at	  8,	  3,	  1	  GeV	  

•  Detector	  studies	  (Mu2e	  Framework)	  
– Started	  from	  current	  Mu2e	  simulaLon	  including	  all	  
exisLng	  details	  
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PX	  muon	  and	  pion	  yields:	  Al	  target	  

•  Assumes	  same	  stopping	  target	  geometry,	  same	  
1695	  ns	  proton	  pulse	  spacing	  

•  8	  GeV	  numbers	  agree	  with	  Mu2e	  CDR	  to	  <5%	  
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8	  GeV	   3	  GeV	   1	  GeV	  

stops	  /	  POT	   16.1	  E-‐4	   6.7	  E-‐4	   1.4	  E-‐4	  

stops	  /	  kW	   7.3	  E16	   8.1	  E16	   5.2	  E16	  

Capture	  fracLon	  in	  window	  
(wrapped	  modulo	  1695	  ns)	  

0.49	  	   0.50	   0.50	  

8	  GeV	   3	  GeV	   1	  GeV	  

stops	  /	  POT	   68.2	  E-‐8	   29.0	  E-‐8	   6.4	  E-‐8	  

stops	  /	  kW	   3.1	  E13	   3.5	  E13	   2.3	  E13	  

fracLon	  of	  stops	  in	  window	  
(wrapped	  modulo	  1695	  ns)	  

3.9	  E-‐11	   1.1	  E-‐11	   1.4	  E-‐11	  

m
uo

ns
	  

pi
on

s	  



Changing	  the	  stopping	  target	  

•  Changing	  the	  
stopping	  target	  
provides	  
informaLon	  
about	  the	  
underlying	  
physics	  
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Changing	  the	  stopping	  target	  
•  For	  an	  aluminum	  stopping	  target	  

–  Capture	  fracLon	  :	  0.609	  
– Decay	  fracLon	  :	  	  	  	  0.391	  
– Muonic	  atom	  lifeLme	  :	  864	  ns	  
–  Ee(signal)	  =	  104.97	  MeV	  

•  For	  a	  Ltanium	  stopping	  target	  
–  Capture	  fracLon	  :	  0.850	  
– Decay	  fracLon	  :	  	  	  	  0.150	  
– Muonic	  atom	  lifeLme	  :	  329	  ns	  
–  Ee(signal)	  =	  104.27	  MeV	  
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PX	  muon	  yields:	  Ti	  target	  

•  Assumes	  same	  stopping	  target	  geometry,	  
same	  1695	  ns	  proton	  pulse	  spacing	  

•  Used	  same	  stops/POT	  but	  recalculated	  capture	  
fracLon	  reweighLng	  decay	  Lme	  distribuLon	  
– τ(Al)	  =	  864	  ns	  	  	  τ(Ti)	  =	  329	  ns	  
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8	  GeV	   3	  GeV	   1	  GeV	  

stops	  /POT	   16.1	  E-‐4	   6.7	  E-‐4	   1.4	  E-‐4	  

Capture	  fracLon	  in	  window	  
(wrapped	  modulo	  1695	  ns)	  

-‐-‐	   0.28	   0.28	  m
uo

ns
	  



PX	  muon	  Lming	  Al	  vs	  Ti	  

•  Decay	  Lme	  of	  stopped	  muons	  
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For	  3	  GeV	  protons	  

signal	  Lming	  window	  

Kyle	  Knoepfel	  



PX	  muon	  Lming	  Au	  

•  Due	  to	  very	  short	  lifeLme,	  really	  high-‐Z	  stopping	  targets	  are	  not	  a	  straight	  forward	  
extrapolaLon	  of	  current	  Mu2e	  setup	  and	  are	  not	  considered	  further	  in	  this	  talk.	  
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For	  3	  GeV	  protons	  
Au	  stopping	  target	  
τ(Au)	  =	  73	  ns	  
frac(670-‐1645)=1.2%	  

signal	  Lming	  window	  

Kyle	  Knoepfel	  



Beam	  Power	  and	  Instantaneous	  Rates	  

•  Assume	  3	  y	  run,	  2	  x	  107	  s	  run	  Lme/yr,	  1695	  ns	  
proton	  pulse	  spacing	  (peak-‐to-‐peak)	  

•  EsLmate	  instantaneous	  rates	  at	  detector	  by	  
scaling	  beam	  power	  by	  muon	  and	  pion	  yields	  
(gave	  same	  answer	  to	  10%)	  
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Beam	  
Power	  	  

Protons/pulse	   Instant.	  Rates	  	  
(rel.	  to	  Mu2e)	  

8	  GeV	  (Al)	   	  80	  kW	   1.0	  E8	   3.3	  

3	  GeV	  (Al)	   	  72	  kW	   2.5	  E8	   3.4	  

1	  GeV	  (Al)	   112	  kW	   1.2	  E9	   3.5	  

3	  GeV	  (Ti)	   	  90	  kW	   3.1	  E8	   4.3	  

1	  GeV	  (Ti)	   140	  kW	   1.5	  E9	   4.4	  



Backgrounds	  
•  We	  esLmate	  Mu2e-‐II	  backgrounds	  scaling	  
from	  current	  Mu2e	  numbers	  

•  AssumpLons:	  
– 1695	  ns	  proton	  pulse	  spacing	  
– 3y	  run,	  2	  x	  107	  s	  run	  Lme/year	  
– 90%	  duty	  factor	  
– ReconstrucLon	  and	  selecLon	  efficiency	  unchanged	  
relaLve	  to	  current	  Mu2e	  esLmates	  

– Momentum	  resoluLon	  unchanged	  relaLve	  to	  
current	  Mu2e	  esLmates	  
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Current	  Mu2e	  Background	  
Category Source Events 

µ Decay in Orbit 0.22 

Intrinsic Radiative µ Capture <0.01 

Radiative π Capture 0.03 

Beam electrons <0.01 

µ Decay in Flight 0.01 

Late Arriving π Decay in Flight <0.01 

Anti-proton 0.10 

Cosmic Ray 0.05 

Miscellaneous Pat. Recognition Errors <0.01 

Total Background 0.41 
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Mu2e-‐II	  Background	  with	  Ti.	  
Category Source Events 

µ Decay in Orbit 0.58* 

Intrinsic Radiative µ Capture <0.01 

Radiative π Capture 0.05 

Beam electrons <0.01 

µ Decay in Flight 0.01 

Late Arriving π Decay in Flight <0.01 

Anti-proton NA 

Cosmic Ray 0.16 

Miscellaneous Pat. Recognition Errors <0.01 

Total Background 0.80 

Current	  state	  of	  affairs	  as	  shown	  at	  ANL	  meeLng.	  
Titanium	  seems	  viable	  but	  DIO	  esLmate	  carries	  large	  uncertainty.	  
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*esLmated	  using	  shape	  of	  Al.	  spectrum…	  see	  page	  23-‐24	  



At	  ANL:	  DIO	  Background	  at	  PX	  

•  EsLmate	  DIO	  yield	  relaLve	  to	  current	  Mu2e	  
esLmate	  
– Correct	  for	  different	  signal	  Lming	  window	  widths	  
– Correct	  for	  differing	  capture	  fracLons	  
– Correct	  for	  different	  lifeLmes	  
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3	  GeV	   1	  GeV	  

DIO	  (Al.)	   2.1	   2.1	  

DIO	  (Ti.)	   0.58*	   0.58*	  
*esLmated	  using	  shape	  of	  Al.	  spectrum…	  see	  next	  page	  



Endpoint	  of	  DIO	  Spectrum	  

•  We	  used	  the	  shape	  of	  the	  Al.	  spectrum	  from	  the	  
Mu2e	  simulaLon.	  	  For	  Ti.	  I	  have	  not	  accounted	  for	  
difference	  in	  shape	  of	  spectrum.	  	  	  
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A.	  Czarnecki,	  X.	  Garcia	  i	  Tormo,	  W.J.	  Marciano,	  arXiv:1111.4237	  

C	  
Al	  
Si	  
Ti	  

energy	  of	  electron	  from	  DIO	  (MeV)	  



Improving	  DIO	  EsLmates	  

•  A	  focus	  since	  the	  ANL	  meeLng	  has	  been	  on	  
improving	  the	  Ti.	  DIO	  esLmates	  

– Get	  Ti.	  DIO	  distribuLon	  into	  Framework	  and	  
perform	  real	  simulaLons	  (Kyle	  Knoepfel’s	  talk)	  

– Simulate	  performance	  of	  tracker	  at	  higher	  rates…	  
invesLgate	  performance	  of	  modest	  tracker	  
upgrades	  if	  necessary	  (Dave	  Brown’s	  talk)	  
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What	  about	  the	  Apparatus?	  

•  We	  considered	  
– Solenoids	  
– Tracker	  	  
– Calorimeter	  
– Cosmic	  Ray	  Veto	  

•  We	  have	  not	  yet	  considered	  
– Stopping	  target	  monitor	  
– DAQ/Trigger	  
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Solenoids	  

•  Key	  Issues	  
– Peak	  power	  deposiLon	  
– Peak	  displacements	  per	  atom	  (dpa)	  

•  At	  x10	  sensiLviLes	  
– dpa	  a	  significant	  concern	  for	  PS	  
– Upgraded	  heat/radiaLon	  shield	  likely	  required	  

•  SimulaLon	  studies	  in	  progress	  for	  PX	  scenarios	  
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Tracker	  
•  Key	  issues	  at	  higher	  rates	  

–  ReconstrucLon	  efficiency	  and	  momentum	  resoluLon	  	  	  
[next	  page]	  

–  Aging	  from	  increased	  charge	  deposiLon	  [under	  study]	  
–  Space-‐charge	  effects	  from	  increased	  beam	  flash	  	  	  	  	  	  	  	  	  
[would	  compromise	  inner	  <=	  1%	  of	  straws	  for	  short	  while]	  

–  Voltage	  sag	  from	  increased	  beam	  flash	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
[calculated	  to	  be	  small]	  

	  	  	  	  [miLgaLons	  in	  mind	  for	  these]	  

•  Punchline	  
–  Current	  tracker	  probably	  workable	  for	  Mu2e-‐II	  scenarios	  
unless	  significantly	  lower	  mass	  required	  to	  meet	  a	  more	  
stringent	  momentum	  resoluLon	  requirement	  (e.g.	  to	  
further	  miLgate	  DIO	  backgrounds)	  
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Calorimeter	  
•  Key	  issues	  

–  Performance	  degradaLon	  due	  to	  increased	  neutron	  rates	  that	  
overlap	  the	  signal	  events	  

–  RadiaLon	  damage	  to	  photo-‐sensors	  and	  FE	  

•  Punchline	  
–  ExisLng	  calorimeter	  may	  largely	  be	  OK	  if	  increased	  rates	  only	  

modestly	  worse	  than	  currently	  planned	  Mu2e.	  	  Would	  require	  
new	  FE	  to	  shorten	  the	  LYSO	  signal	  integraLon	  Lme.	  

–  If	  rates	  increase	  by	  x10,	  exisLng	  crystals	  would	  have	  to	  be	  
replaced	  by	  something	  faster.	  	  A	  rad	  hard	  example	  is	  BaF2	  	  

•  would	  offer	  comparable	  energy	  resoluLon	  
•  0.9	  ns	  (fast	  component	  @	  220nm)	  vs	  40	  ns	  for	  LYSO	  
•  Requires	  	  development	  of	  a	  photo-‐sensor	  with	  good	  sensiLvity	  @	  220nm	  
and	  insensiLvity	  to	  the	  slow	  component	  @330	  nm	  
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Cosmic	  Ray	  Veto	  
•  Key	  Issues	  at	  higher	  rates	  

– Accidental	  rates	  from	  n	  and	  γ	  interacLons	  in	  
counters	  [hoaest	  upstream	  regions	  will	  require	  
more	  shielding	  or	  increased	  granularity]	  

– Neutron-‐induced	  radiaLon	  damage	  to	  photo-‐
detectors	  and	  FE	  read-‐out	  electronics	  [replace]	  

– ScinLllator	  aging	  [needs	  study]	  
•  Punchline	  

– ExisLng	  CRV	  likely	  to	  require	  modest	  upgrades	  to	  
electronics	  and	  redesign	  in	  hoaest	  regions	  
assuming	  no	  significant	  aging	  effects	  
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Necessary	  Upgrades	  
•  ProducLon	  Hall	  

–  Proton	  beam	  dump	  would	  need	  improved	  cooling	  
–  ProducLon	  target	  would	  need	  to	  be	  redesigned	  
–  ExLncLon	  monitor	  would	  need	  upgrading	  
–  ProducLon	  Solenoid	  Heat	  and	  RadiaLon	  Shield	  
–  Hall	  radiaLon	  shielding	  

•  Transport	  Hall	  
–  Hall	  radiaLon	  shielding	  

•  Detector	  Hall	  
–  DAQ	  for	  higher	  rates	  
–  CRV	  and	  calorimeter	  electronics	  	  
–  Stopping	  target	  monitor	  would	  be	  replaced	  
–  Limited	  regions	  of	  CRV	  upgraded	  to	  finer	  granularity	  
–  Shielding	  near	  stopping	  target	  would	  need	  to	  be	  upgraded	  
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Possibly	  Necessary	  Upgrades	  

•  Even	  with	  upgraded	  HRS,	  PS	  conductor	  may	  be	  at	  
it’s	  physical	  limit.	  	  If	  so,	  enLre	  PS	  would	  need	  to	  
be	  redesigned	  using	  a	  different	  conductor	  
technology.	  

•  Remote	  handling	  system	  for	  producLon	  target	  
swaps	  may	  need	  to	  be	  redesigned	  depending	  on	  
compaLbility	  with	  new	  producLon	  target.	  

•  Depending	  on	  magnet	  heat	  loads,	  magnet	  cooling	  
system	  may	  need	  to	  be	  upgraded.	  
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ANL	  (PrioriLzed)	  Work	  List	  
•  Heat	  load/dpa	  for	  PS	  with	  upgraded	  HRS	  and	  
neutron/γ	  flux	  for	  1	  and	  3	  GeV	  protons	  on	  target	  

	  	  	  	  (Vitaly	  Pronskikh,	  Mike	  Lamm)	  
•  Simulate	  more	  fully	  the	  Ti	  case	  (Kyle)	  
•  SimulaLon	  of	  a	  low(er)	  mass	  tracker	  and/or	  
alternaLve	  stopping	  target	  and	  proton	  absorber	  
designs	  to	  explore	  possibiliLes	  for	  miLgaLng	  DIO	  
background	  (Dave,	  Aseet)	  

•  InvesLgate	  opLmizaLon	  of	  pulse	  spacing	  
•  InvesLgate	  high-‐Z	  stopping	  targets	  like	  Au	  or	  Pb	  
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More	  Work	  

•  Understand	  implicaLons	  of	  100	  kW	  on	  
producLon	  target	  (Vitaly	  Pronskikh)	  

•  Understand	  implicaLons	  of	  1	  or	  3	  GeV	  protons	  
– On	  neutron	  and	  photon	  rates	  (Dave	  Hedin)	  
– On	  proton	  beamline	  
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Summary	  
•  A	  Mu2e-‐II	  at	  ~x10	  beaer	  sensiLvity	  relaLve	  to	  currently	  
planned	  experiment	  
–  InteresLng	  regardless	  of	  Mu2e	  outcome	  
–  Looks	  feasible	  at	  Project	  X	  

•  Feasible	  because	  Project	  X	  offers	  important	  
advantages:	  
–  High	  duty	  factor	  :	  re-‐use	  much	  of	  currently	  planned	  Mu2e	  
–  High	  power	  at	  low	  Ebeam	  :	  get	  needed	  #muons	  without	  
pbars	  

–  Narrow	  pulses,	  high	  intrinsic	  exLncLon:	  miLgate	  RPC	  bgd	  	  

•  Significant	  progress	  since	  the	  ANL	  meeLng	  in	  April	  
–  Focus	  of	  today	  and	  tomorrow’s	  talks	  
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Time	  Line	  

•  White	  Paper	  summarizing	  current	  status	  of	  
feasibility	  study	  on	  arXiv	  (1307.1168)	  
– Uses	  rough	  esLmate	  for	  Ti.	  DIO	  background	  
– Discusses	  need	  to	  perform	  further	  work	  

•  Would	  like	  to	  produce	  an	  updated	  White	  
Paper	  and	  post	  prior	  to	  30	  Sept.	  deadline	  for	  
Snowmass	  contribuLons	  
– Studies	  need	  to	  be	  completed	  by	  ~	  end-‐August	  
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Time	  Line	  

•  Plan	  for	  updated	  paper	  
– Complete	  studies	  (end	  of	  August)	  

– Update	  paper	  dra�	  (1	  w)	  
– Circulate	  for	  comments	  (1	  w)	  
– Address	  comments	  (1	  w)	  

– Circulate	  for	  final	  comments	  (5	  d)	  
– Address	  final	  comments	  and	  post	  (2	  d)	  	  
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Backup	  Slides	  
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Necessary	  POT	  
•  Calculate	  #POT	  needed	  to	  achieve	  target	  ses	  

–  Include	  differing	  stopped	  muon	  yields/POT	  
–  Include	  differing	  fracLon	  of	  stops	  in	  Lme	  window	  
–  Include	  differing	  muon	  capture	  fracLons	  
– Assume	  reconstrucLon	  and	  selecLon	  efficiencies	  
as	  esLmated	  for	  Mu2e	  using	  full	  simulaLon	  	  

2013	  July	  31	   D.	  Glenzinski	  -‐	  CSS2013	  MeeLng	   40	  

Al.	  target	   Ti.	  target	  

POT	  (8	  GeV)	   	  	  3.6	  E21	  

POT	  (3	  GeV)	   	  	  8.6	  E21	   10.8	  E21	  

POT	  (1	  GeV)	   40.3	  E21	   50.6	  E21	  

EsLmated	  total	  POT	  needed	  for	  Mu2e-‐II	  to	  reach	  ses	  =	  2.5	  E-‐18.	  
NB.	  Mu2e	  esLmates	  it	  will	  need	  3.6	  E20	  POT	  to	  reach	  ses	  =	  2.5	  E-‐17.	  



PX	  distribuLons	  

•  Momentum	  at	  DS	  entrance	  for	  muons	  that	  stop	  
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PX	  distribuLons	  

•  pion	  stopping	  Lme	  distribuLon	  
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RPC	  Background	  at	  PX	  

•  From	  pions	  produced	  during	  primary	  proton	  
pulse	  with	  long	  transit	  Lmes	  (670-‐1645	  ns)	  

•  From	  pions	  produced	  by	  out-‐of-‐Lme	  protons	  
(assume	  flat	  distribuLon	  in	  Lme)	  
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RPC	  Background	  at	  PX	  

•  Narrower	  pulse	  width	  and	  improved	  intrinsic	  
exLncLon	  keep	  RPC	  background	  manageable	  
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3	  GeV	   1	  GeV	  

RPC(Long	  transit)	   0.029	   0.036	  

RPC(Out-‐of-‐Lme)	   0.001	   0.001	  

RPC	  Total	   0.030	   0.038	  

3	  GeV	   1	  GeV	  

RPC(Long	  transit)	   0.036	   0.046	  

RPC(Out-‐of-‐Lme)	   0.002	   0.002	  

RPC	  Total	   0.038	   0.048	  
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DIO	  Bgd	  vs	  Signal	  Efficiency	  

•  Can	  reduce	  DIO	  background	  by	  ~x2	  for	  a	  ~10%	  (relaLve)	  
loss	  in	  signal	  efficiency	  

•  Can	  also	  potenLally	  reduce	  DIO	  background	  by	  opLmizing	  
stopping	  target	  (e.g.	  for	  Ti)	  and	  other	  upstream	  material	  
and/or	  building	  a	  lower	  mass	  tracker	  
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Tracker	  performance	  

•  For	  the	  current	  Mu2e	  tracker	  with	  current	  reconstrucLon	  and	  track	  
fi�ng	  algorithms,	  modest	  increases	  in	  instantaneous	  rates	  leave	  
momentum	  resoluLon	  unchanged	  and	  degrade	  the	  efficiency	  at	  the	  
5%	  (relaLve)	  level	  
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