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LDC  activities sum m ary

Henri Videau

a sum m ary and som e personal and partial
and partial views

for
the LDC m em bers

contacts: M . Battaglia , T . Behnke, B. Hsiung, 
D . Karlen, Y. Sugim oto, H. V ideau
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A rem inder on LDC

A concept of detector for ILC
deriving from  the TESLA detector

and from  the US large detector

identified by 
a rather large TPC as central tracker

a high granularity Si-W  el.m gn. calorim eter
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The Tesla m odel
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LDC / SiD   : TPC +  ~ size +  ~ field

LDC / GLD  : Si_W  calorim eter +  ~ size +  ~ field
but for recent evolution

LDCSiD GLD

How does LDC stay between SiD and GLD
with quite som e overlap
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Since the creation of LDC
and the nom ination of the contacts

a docum ent has been developed to m ake the
design evolve from  the TESLA TDR to a more
elaborate concept.
This LDC sketch docum ent can be found on ILCLDC.org
It recalls the baseline and provides a large number
of questions to define the evolution toward a new 
baseline. 
The idea for Snowm ass was to try to 

com plete this list of questions,
order them  by priority
provide a roadm ap to their answer

and to a new baseline     getting few results 
have a software ready to get them
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We can try
this
configuration
im plem ented 
in Mokka in
a scalable 
form  under
the nam e of
LDC_1
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To reach that goal few working groups were
form ed and I w ill report on their conclusions.

They focus on particle flow 
and tracking perform ances and concern: 

the forward detectors and the interference with MDI
the PFA and its im pact on the detector design
the question of the m agnetic field quality
the silicon tracking elem ents

Aside that, som e developm ents
offer new perspectives
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100 GeV �
 �  �  �

The two � 's are 21 and 17 GeV 
and are at 1.2 cm  apart

1m m 2 cells

Should we
im prove the
granularity?
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G ranularity

● Scin tillators: trade 
g ranu larity  against 
am plitude resolu tion

• 3cm  tile size optim ized 
for show er separation  –  
and sem i-dig ital readou t 

HCAL
Felix Sefkow
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 Priority Item s
 --------------
 1. B-field : is BR 2 the correct perfo rm ance m easure ?
 2 . EC AL radius
 3 . z EC AL endcap
 4. C alorim eter tota l num ber o f interaction lengths inside co il
    (EC AL +  HC AL) :  do w e need 4, 5, 6.. lam bda_I ?
 5. Longitudinal Segm entation. How  m uch does the longitudinal
    segm entation im prove the ability  to  identify the partic les in
    the jets in  pattern recognition term s,
    rather than just being an issue about sam pling frequency fo r
    ca lorim etric  energy reso lu tion .
 6. T ransverse Segm entation.
 7. C om pactness / G ap-size.
 8. HC AL Absorber cho ice: S ta in less S teel, W , U , Pb etc .
 9. C ircu lar vs O ctagonal TPC  and c ircu lar vs po lygonal EC AL:
    how  im portant are the gaps beteen TPC  and EC AL
10. HC AL outside co il

List of questions set during the first week
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Ad d itional item s perceived  to  be possib ly o f second ary im portance
 -----------------------------------------------------------------
 
 1. Fo r events w ith  m issing  energy, the fo rward  part o f the
    d etecto r m ay be very im portant fo r co rrect reconstruction .
    Th is shou ld  be ad d ressed  by look ing at jet energy reso lu tion  vs
    po lar ang le. Detailed  stud ies though d epend  q uite a b it on  the
    actual accelerato r d esign , and  m ay no t be that easy to  pursue in
    a general m anner.
 2. Detection  thresho ld s for tracks, c lusters.
 3. M om entum  reso lu tion . What w ou ld  happen if we back o ff substantially in
    m om entum  reso lu tion specs since these were no t d esigned  around  partic le
    flow  but from  the reco il m ass to  the d i-lepton  in  Zh  events?
    M ethod : d egrad e sing le-po in t reso lu tion w ith in  the sam e
    B, R**2 geom etry.
 4. How  im portant is lepton  id  to  the d etection  o f sem i-lepton ic  heavy
    flavor d ecays (b, c ) w ith  neutrinos fo r jet energy reso lu tion  issues?
 5. Partic le  ID . How  m uch d o  w e care about co rrect m ass assignm ent
    to  charged  partic les, particu larly pro tons in  term s o f PFA?
 6. Are background s from  gam m a-gam m a and  the m ach ine im portant to  the PFA 
and
    are there d etecto r d esign  m ethod s to  m itigate these effects?
 7. How  im portant is 2-photon  separation  to  partic le  flow , particu larly after
    apply ing  p i0 m ass constrained  fits?
 8. Is a tail-catcher im portant fo r spotting  late in teracting  K0L and  neutrons?
 9. Cou ld  the DREAM  approach  work in  the forward  end caps where the
    track ing  perfo rm ace is starting  to  d egrad e?
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Going to the studies done during Snowm ass

Forward detection
Particle Flow Analysis
Magnetic field
Ancillary Si tracking
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A u gu st   2005 Sn o w m ass W o rksho p

IP Instrumentation

W olfgang  Lohmann, 
DESY

M easurement of the
Luminosity  (p recise and fast)
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Precise Lum inosity M easurement
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mrad cross ing angle  20

Beam strah lung pair background

using  serpent ine fie ld
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A design for 20 
mrad crossing ang le 
w ill be done
(needs t ime)
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Beam  diagnostics and beam  param eters
determ ination using LCAL and BCAL

and photocal

The 20 m rad problem

The beam strahlung background destroys the
phi sym m etry, essential for m easuring accurately
the lum inosity.
It can be restored by m aking the LCAL inner radius
larger but to keep the backsplash from  the BCAL
away it is needed 
either to set the LCAL in front of the ECAL
or to push the L* to 4 .5
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For a small crossing ang le a pretty advanced
design of the very forward reg ion is worked out

For 20 mrad crossing ang le many stud ies
have to be redone 

I hope we w ill be able to p resent a layout
for the 20 mrad crossing ang le case in a few
months
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Klaus Mönig

The forward tracker needs a com m on structure
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W e are now  in the position to start to learn how  to 
optim ise the detector for PFA  

PFA  Progress and  Priorities
Mark Thom son 

(for Steve M agill, Fe lix  Sefkow , M ark T hom son and G raham  W ilson)
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Prioritised  PFA  list 

T he A -List (in som e order of priority )

T he B -List

1) B -fie ld : is  B R 2 the correct perform ance m easure (probably not)
2) ECA L radius
3) T PC length
4) T racking effic iency
5) How  m uch HCA L –  how  m any interactions lengths 4 , 5, 6…
6) Longitudinal segm entation –  pattern recognition vs sam pling
          frequency for calorim etric  perform ance
7) T ransverse segm entation
8) Com pactness/gap s ize
9) HCA L absorber : Steel vs.  W , Pb, U …
10) Circular vs . Octagonal T PC (are the gaps im portant)
11) HCA L outs ide coil –  probably  m akes no sense but w orth 
                                        dem onstrating this  (or otherw ise)
12) T PC endplate thickness and distance to ECA L
13) M ateria l in VT X –  how  does this  im pact PFA

1) Im pact of dead m ateria l 
2) Im pact (positive  and negative) of partic le  ID  - (e .g. DIR C)
3) How  im portant are  convers ions, V 0s and k inks
4) A bility  to reconstruct prim ary vertex  in z

(from  discussions + LDC, G LD, SiD joint m eeting)
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  Study HCA L granularity  vs  depth
  a lready started (A R )
  how  m any interaction lengths really  needed ? 

  ECA L granularity
  how  m uch ultra-high granularity  rea lly  helps ?
  granularity  vs  depth 

  B -fie ld dependence:
  R equires rea listic  forw ard tracking (H IG H PR IOR IT Y) –  W ho ?

  Com plete  study of “perfect partic le  flow ”

  R adia l and length dependence:
  Ideally  w ith > 1 a lgorithm

  T ry  to better understand confusion term
  B reakdow n into m atrix  of charged-photon-neutra l hadron

G oals for V ienna:
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Effect of the field on PFA
Alexei Raspereza

Elaborated software tools worked during the worshop
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It looks like the PFA perform ance at the Z 
degrades with the field.    Needs cross-exam ination.
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LD C question TR_7: 
M agnetic F ield

W h at q u ality of th e  fie ld  d o w e n eed  in  th e  
TPC , S IT, an d  oth er d e tectors?

H ow  can  w e m easu re  an d  m on itor th e  
fie ld  d istortion s a t th e  req u ired  level of 
accu racy?  

C an  th e  la rg e  d istortion s in  th e la rg e  
crossin g  an g le 
be  accou n ted  for?  

C an  con trol sam ples be  u sed  to im prove  th e  
k n ow led g e of th e  fie ld  m ap? 

D oes it m ak e sen se  to e lim in ate  th e  plu g , 
a t th e  cost of a  sh orter m ag n et an d  th u s 
a  less h om og en eou s fie ld ?

D an ie l Pe terson
C orn ell 

Un iversity 

O f course, this  is  all prelim inary .
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H ow  can  w e m easu re and m onitor the 
field  d istortions at the requ ired level of 

accu racy?

M apping  th e m ag netic field  to an accuracy  of B /B  <  1 x 10 -5 is  a  d ifficult m easurem ent.

Th e A leph  field  m ap w as interna lly  self consistent to  40 x 10 -5.

       Th e m ap m easurem ents  a re fit to conform  w ith  M axw ell’s  equa tions.
       D ifferences of th e corrected  m ap, w ith  respect to a  m od el of th e m ag net,
                  a re w ith in 40 x 10 -5 . 

       H ow ev er, th e “consis tency ” is  not a  d irect m easure of th e accuracy . 

       Th e observ ed  A leph  m om entum  resolution im ples  th a t th e 
         field  m ap h as  an accuracy  of  0= 7 0m .
          Th us, a  m ag netic field  uncerta inty  ach iev ed  w as  
                    B /B  =   7 0m m /30m m  x  (1 .5  x  10 -5 )   =  3.5 x  10 -5

W e m ust m ea sure the field m a p to the best possib le a ccura cy , proba bly  3.5  x  10 -5 . 
W e w ill req uire a n  independent m ea surem ent of the field distor tions to 
   a chiev e the req uired a ccura cy , 1  x  10 -5  .
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At LD C , w e can  a lso u se  th e  track s to m easu re  m ag n etic fie ld  correction  in  th e  d r ift tra jectory 
 if th e track  tra jectory is in  a  reg ion  of h ig h -u n iform ity m ag n etic fie ld .
  (  It m ay be  n ecessary to u se  on ly track  trajectories n ear z= 0. )

Th e  tw o-track  fits can  a lso be  u sed  to a lig n  th e  V TX  an d  SIT. 

DID!    not trivial at all

Controlling the distortions by m easuring tracks
using laser

Specific to TPC
Disentangling the effect of the field
on the trajectories,
on the drift of the electrons
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Does it m ake sense to el im inate the plu g, 

at the cost of a  shorter m agnet and thu s 
a  less hom ogeneou s field?

Exten t of TPC : 2.7m

Field  a t 3.8 m , len g th  of TPC  plu s 
 a  d istan ce  eq u al to th e  len g th  of th e plu g

 Th is ch an g es B z by on ly 5% , a t th e  m axim u m  Z.
 Th e B r com pon en t of <  ¼  % .
 It is a ll azim u th al in d epen d en t. 

 D oes it viola te  th e  u n iform ity of  <  1 0-4 close  to z= 0 ,
 as w ill be  n eed ed  for th e  con trol sam ple  track s?
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C onclusions

Th e m ag n etic fie ld  sh ou ld  be  m easu red  to an  accu racy of 1  x 1 0-5 
  w ith  a ll com pen sation  m ag n ets an d  iron  in  place .

On e can  n ot re ly on  fin ite  e lem en t an alysis for th e  m easu rem en t of th e  solen oid  
fie ld .

To provid e  an  in d epen d en t m easu re  of th e  d rift tra jectory d istortion ,
Locate  th e  read ou t su b-pan els to 1 2 m . Use  lasers to m easu re  th e  d istortion  of th e  
d rift tra jectory.

H ypoth etica lly, th e  resolu tion  of a  tw o-track fit, w ith ou t th e  V TX  or SIT, is (1 /p t  ) =  
4 x 1 0 -5/G eV , 
 an d  is com petitive  w ith  sin g le  track  system  resolu tion . 

Tw o-track  fits can  be u sed  for con sisten cy ch eck s of th e  d rift tra jectory d istortion .
 an d  for a lig n in g  th e  V R X  an d  SIT.   
Th e m ag n etic fie ld  of th e  “D ID ” m u st be  u n d erstood  a t th e  level of 5 x 1 0-4 (of 
itse lf) .
 H ow ever, th e  “D ID ” con tribu tes sig n ifican t n on -h om og en eity n ear z= 0.

 F ie ld  q u ality, or u n iform ity,  of 1  x 1 0-5  can  n ot be  ach ieved .

 System atic u n certa in ties m u st be  lim ited  to th is precision
 avoid  in trod u cin g  system atic error in to th e  V TX  an d  SIT a lig n m en t.

 All track  tra jectories an d  d rift tra jectories m u st be  corrected  by m appin g  or a  
tran sport fit. 

 R em ovin g  th e  plu g  appears to be  a  sm aller pertu rbation  th a t th e  “D ID ”.
 B u t a  fie ld  u n iform ity of 1 0 -4 is req u ired   n ear z= 0 to for th e  con trol sam ple  
m easu rem en ts.
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and the electrostatic effects!

Provided the uniform ity is adequate in a m eter
at the center of the TPC, the coil can be shortened,
the plug suppressed.
A slight reduction of the length of the TPC
enables then to have a natural length for the
ECAL barrel (related to the optim isation of the silicon)

But DID!
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T he Si trackers in the L DC  
concept

  Scope of the g roup charge
  Rem inder of the S i track ing  com ponen ts in  a LD C  concept
  C om m on  issues to all the S i tracker com ponen ts
  Specific issues by  com ponen t
  Prospects

Rick V an Kooten, V aleri Saveliev, A urore Savoy-Navarro, Lee Sawyer
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Studies have been developed on the four elem ents
of detection in silicon under consideration:
SIT, FTD, FCH, SET 

External barre l S i-tracker

Exte rnal Forw ard S i-tracker

Inner barre l 
  S i-tracker Inner Forw ard 

   S i-tracker

TPC

The 4 Si-com ponents = the Si-Envelope
are included in  the M O KKA fram ew ork
                  (DB description)
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All the services to be handled in a com m on way
between the inner parts and the Vdet.

Inner tracker: increase to 3 layers?
Forward disks: m ake the firsts with pixels
Forward cham ber: number of layers?
SET: see next

Vdet, inner tracker and forward tracker would have
a com m on m echanical structure to assure the 
alignm ent precision
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The S ilicon  ou ter tracker in  the cen tral reg ionThe S ilicon  ou ter tracker in  the cen tral reg ion

Th is com pon en t en su res th e  con n ection  be tw een  th e  cen tra l track in g  an d  th e  
ca lorim etry in  th e  

barrel. It im proves th e  m om en tu m  resolu tion  an d  possibly oth er perform an ces (see  
be low ).

 Specific i ssues for  th is com ponent:
 N u m ber of layers?  S trip len g th ?  (revisit the SGV stud y  &  pursue GEAN T b ased  

simulation)
 H ow  m u ch  better th an  a  d ed ica ted  first layer in  th e  em  calorim eter?  (id em as 

prev ious point)
 Issu es on  m aterial bu d g et: optim isation w ith respect to the field  cag e especially  w hen 

g oing  aw ay from the 90° reg ion? 
 Occu pan cies:
      V . Saveliev’ occu pan cies G 4 stu d ies w ill b e pursued .
 C lu ster m atch in g  capability, PFA  im pact?  (SGV &  GEAN T-b ased  simulations stud ies)
 An y n eed  for presh ow er capability (pi0 separa tion ?): alread y  stud ied  w ith SGV, w ill 

b e further ad d ressed  w ith d etailed  simulation.
 Im pact on  Ph ysics
 In teg ra tion  issu es w rt to TPC  (red u ction  in  th e  TPC  rad iu s) (SGV &  GEAN T-b ased  
      simulations stud ies)
 In teg ra tion  issu es w ith  th e  EC AL (space  a lloca tion , m ou n tin g ) (SGV &  GEAN T-

b ased  
      simulations stud ies)

A. Savoy-N avarro, LPN H E -Paris
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Conclusions

A new baseline detector should be
defined with sm ooth possible variations.

A parametrisation of the perform ances
against a reasonable set of param eters
should be provided.

An estim ate of the cost of the detector
and its scaling with the param eters shall exist.
(sca ling  for the cost driv ing item s) .

~Vienna?

~Bangalore

end 2006?

The software tools to optim ise the detector 
are now at hand


