Steve Wagner, August 17, 2005

Recent SiD Tracking Studies at CU (and
Ancient Outer Tracker Studies at SLAC)

Steve Wagner, University of Colorado, Boulder

| did realistic pattern recognition studies for the SiD Barrel Outer
Tracker for Paris 2004 LCWS

These studies included the ef-
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‘ Ancient History I

| used the SDJan03 version of the SiD barrel outer tracker. 5 T field,
5 single — sided layers of Si (R; = (20, 46.25, 72.5, 98.75, 125) cm)
The version of the outer tracker | did the most studies on had long
ladders and no z information. Each barrel is split at z = 0 and read
out at its outboard end

Near the end of my studies a new variant of the outer tracker
appeared. Each 10 cm long wafer on a ladder was read-out separately
(“tiled”). This was an attempt to deal with the BGs at the warm
machine and still appears in many (all?) of the new detector variations

| started out writing stand-alone pat rec for the outer tracker, finding
KY in a pristine detector

Was convinced (by others) more immediate problem was just
extending inner tracks into fully occupied outer tracker

To many people the SiD outer tracker seems like too minimal a
detector. Backgrounds and other tracks pile up, making pattern
recognition problematic. | said I'd see if the problem was tractable 2
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‘Code Used For Studies (SODHitAdder)I

Took tracks (perfect pat rec but realistic resolutions) reco-ed in the
vertex det (SODTrackFinder) and projected them out into the outer
tracker - added hits and refit tracks

May sound like | just used Nick's code but | didn't - wrote my own,
including fitter, from scratch in java (actually rewrote a lot | had
written in c++ for BaBar)

Predates Nick's patt rec code but my patt rec has never been in
general (or for that matter, any) release for others to use

My code deals with barrel tracking only - Nick's does forward too. But
good to have two different algorithms (even if very similar) to beat
against each other

And mine is definitely “prototype” code - easy to change if you've got
a new better idea
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‘pT = 50 GeV Track in Quadrant of Quter Trackerl

Take (smeared) hits and fit VXD hits to inner track

Worked in JAS2 using SDJan03
MC data (and just ignored the
z info that's there for outer -
tracker hits)

80 —

MC simulation includes res-
olution, scattering and E-
loss (deltas), interactions (inc.
calorimeter splash-back), de- 7

20 —

cays

Take trks found and (h@“X) flt oo — ‘2‘0‘ ‘ ‘4‘0‘ ‘ ‘6‘0‘ ‘ ‘8‘0‘ ‘ ‘1(‘)0‘ ‘ ‘qéo‘
hity (cm) vs hit x (cm)

in VXD and project out to outer
tracker

Add (closest) hit and refit trk
at each outer tracker layer
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‘Adding Outer Tracker Hits to Projected VXD TracksI

50 GeV fit VDX trks projected forward, continuous refit
) 101 [ D
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e 50 GeV/c tracks (shown) gob-
ble up outer tracker hits, get
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e Will only get a little better with | L
full Kalman fits

resid L5

e Runiton cleantracks (1and 50 ==

GeV/c pr) projected out and = A

projected back; picks up all hits s
and fits correctly (eff = 100%)

e But no one really cares about
tracking in trivial evts
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‘Mix in Hits from /s = 500 GeV ¢gg Eventsl

Read in (smeare d) hits from 500 GeV ggbar event and Thrust axis

Write out outer tracker hits and
T(hrust) axis for /s = 500
GeV qq evts if T axis of evt in
outer tracker barrel.

1810 evts to work with, about
45 hits in each outer tracker

layer

Read in hits from qq evts, ro-
tate them in ¢ so T axis is
a pre-determined angle from
probe track
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hity (cm) vs hit x (cm)

Mix together outer tracker hits for probe trk and qq hits. Probe trk

hits flagged, but only inspected after all pat rec is over
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‘Rotate gq hits so Thrust Axis at Set Angle to Probe TrackI

Rotate ggbar hits so Thrust oxis at desired angle to Inner track (here 0°)

e Allows to scan eff measurement [ ..

from more problematic regions j .
(T axis approx center of jet) to " -
easiest (90° from T axis)

80 —

e Change pat rec algorithm to . ' .
make 3 trial trks using 3 closest |
hits in outer tracker L1. Past [ ™ -.

L1 the trials pick up closest hit

in each layer and continuously = [~ =,

refit. Trials often share hits 72N B D S .
0 20 40 60 80 100 120

past L1 (sharing not allowed in ity (em) v it (em)

L1)

e Pick final trk on x?/dof. Also throw preference for more hits into
arbitration process (reject L2-L5 duplicates which achieve lower
x?/dof because no additional L1 hits available) .
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Efficiency for Reco-ing 50 GeV Probe Trk with Hit Adding

e For green curve, require found | o7 =50 ev/c ', 3 potns thru L1 considere

FRACTION

trk have all its correct hits (be
“perfect”).

e [ he blue curve is where at most
1 hit in outer tracker is wrong. o -
Often call trks where 1 hit is

wrong ‘“close;” blue curve is o | At least 1 hit right

At most 1 hit wrong

Perfect

perfect+close

e Purple curve is trks where at

least 1 hit in outer tracker is

0.9 o b e e by e e by
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right - area above purple curve ANGLE FROM THRUST AXS (RAD)
is fraction at that angle (to T o
axis) where all outer tracker Fraction = Efficiency

hits are wrong
e VDX trk has latched onto wrong trk in outer tracker here. VDX trk

(short stub) does not have great momentum resolution for high pr trks ’
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‘Close Tracks Not Really That Badl

Tracks with 4/5 outer tracker ) 5OGeVpMcenteromewpoth‘zmu _
hits right still have all 5 VXD *
hits right 3/1 /;S?E
S e

Momentum resolution for these

trks is about a factor of 3 worse I a—
if track is high pr - E
These are the sort of occur- s 55 /

Mean 50.04
| Sigma 0.5061

AL

51 52 53

rences that give us unwanted

but always observed “tails” on

our measured pr resolution,
but still usable (and used) trks

A x? comparator to MC truth would consider most of the close trks
properly found - | will also, but | won't consider trks with > 2/5 outer
tracker hits wrong properly found
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‘Future Project: Hit Arbitrationl

e And at least so far, there's another real trk that wants (produced) the

bad hit on the “close” trk, and the correct hit for this trk is also close
by - hit can be arbitrated away later in pat rec to lower global y?

e This is also the case where it's latched on to completely wrong trks
(1-purple curve); there's another trk that wants all those hits

e Approx 60% of time next best trial to completely bad trk is correct
“perfect” trk, x? a little worse; approx 20% of time next best is
correct “close” trk

10
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‘Mix in Pair, vv and Photon BGsI

Hits generated were for 1/2 of
barrel - VXD trks have excellent
z resolution and know which
1/2 of the outer tracker they're
pointing into

Take pair and ~7y interactions
from old files; mix in enough of
each to get specific occupancy
in L1 correct (calc by Takashi

Maruyama for warm LC)
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pa
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) and photon (purple) BG hits

0

correct total occupancy in each layer

Total occ by layer for split outer tracker was

(0.83,0.27,0.15,0.10,0.08) %
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hity (cm) vs hit x (cm)

Add in photons (random salt-and-pepper) and dial in enough to match

11

Dominated by photon BGs - v and pairs only significant in L1



Steve Wagner, August 17, 2005

‘Project VTX Trk to Outer Tracker and HitAdd in Heavy BGI

Project Inner track into SOD and search for hits

e Same algorithm as before SRS
e For this evt, it was easy. It's a ) .
perfect trk all the way out T e VAT
o Next best trial trk has y? factor = - /‘f *
1® e g, y % Y
of 5x 10° worse, 2 bad hits (and T
3 good ones, shared with best i // ¥ .
trial track) wf Ty
/e
[ / ° ° e
e But not all this easy ol /) . p
L 2 K )
| \ ) ' t s
N S B I R

12
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‘Effect of Full BGs on 50 GeV Tracksl

e Solid curves are for only ¢q evt
overlaid (shown earlier), dashed
curves are with full BGs mixed
in also

e Noticeable effect on “perfect”
eff, but “perfect+close” eff >
99% over most of solid angle;
“wrong trk” effect still domi-
nates ineff near jet core
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‘Effect of Full BGs on pr = 1 GeV Tracksl

pT =1 GeV/c ", 3 paths thru L1 considered

Eff more uniform for g evts © .
without BG, but not as high oo e
outside jet. May just be an un- oo
optimized windows 0s25 |- et s

L Perfect
But effect of BG is quite dra- N
matic, especially on “perfect” oss e

trkS 0.85 ;

Pattern of bad hits is differ- os -
ent here (with BGs) than else- - .
where. Usually it's L1 bad; here S T ST S S
mostly L5 bad ANGLE FROM THRUST AXIS (RAD)

1 GeV pr trks almost don't exit outer tracker; they enter L5 at a very

steep angle, and have lots of BG to pick from in L5

Here's probably the one place a full Kalman extrapolator, which |
haven't written yet, would really help 14
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‘But Close pr = 1 GeV Tracks are Pretty Goodl

e Picked-up bad hit (mostly in |GV T .3 ptrsin L

[ ID 200

y 20 Entries 1506

L5) doesn't effect 1 GeV pr trk 0%

F RMS 0.9094E—03

. r X°/ndf 3740 / 29

as much as high pr trk ol e

Sigma 0.9051E-03

e pr res only degraded 20 — N
30%’ probably Worse When fu” o.;gﬂ ‘0‘9‘92‘ 5,9‘94 6,9‘95 ‘0,9‘98‘ ‘ w‘ ‘ ‘w‘o‘oz‘ ‘«o‘ozﬁ ‘W.C;OG‘ ‘W.O‘Oé ‘w.ow
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Kalman fit done ; o 2
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r Constant 16.46
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pT, only 1 hit wrong
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‘Effect of Tiled Outer Tracker on pr = 50 GeV TracksI

e Concept is to read out each

FRACTION

10 cm x 10 cm wafer sepa-
rately rather than chain them
together in half-barrels

e Number of BG hits remains the
same, but number of strips re-
ally increases

0.9

e Occupancy now

(0.276,0.043,0.015,0.008,0.005)%

0.86

e Effs return to near what they
were with only ¢q hits mixed in

pT = 50 GeV/c 7", 3 paths thru L1 considered
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‘ Effect of Tiled Outer Tracker on pr = 1 GeV TracksI

e Really helps lower pr trks

e Occupancy reduced a factor of
16.7 in L5
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‘ Paris Conclusions I

e If willing to define eff as > 9/10 hits correct (> 90% of trks have ideal
res, < 10% slightly degraded), then eff > 98.5% for tiled detector
across jet, indep of p, except for high pp trks in core of jet (< 50
mrad), where eff drops to > 96.5%

e Dip at 0° to T axis swapping real trk outer tracker hits (or whole
outer tracker trks) between VXD trks. If carry around multiple viable
candidate trks with hits, should be able to arbitrate most/all of effect

away (not proven yet)

e Effect overestimated anyway, as probe trk not subject to momentum
conservation of entire ¢gg evt - not as many dual high pr trks near jet

core in real world

18
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‘What | Tried (And Failed) To Do Last WeekI

Tried to migrate to JAS3 and org.lcsim so | could look at new

detectors in slcio

Wanted to get new expected BG levels in outer tracker and repeat
some old studies with new (cold) numbers

Was unable to get my old code running even on old sio files in this

environment

Too many things | needed were missing. Got some explanations
yesterday; still need a few more

19
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‘What | Did Last Week: Two-Track Resolution Studiesl

pT = 50 GeV/c " PROBE TRACK AT 100 mrad TO JET AXIS
— o P —

e Went back to JAS2/hep.lcd
and tried to resolve some out-

EFBCIENCY
©
~
&)
I

standing questions from Paris T

0925 [

studies

09 At least 1 hit right

At most 1 hit wrong

e Stop mixing in BGs, but keep

0875 |

mixing probe track and hits

085 |

from ¢q evts

0.825

e Rather than figure out naviga- ¢
tion of hits back to MC truth o=

in qg thS, add yet anoth€7° 0'75707.2 ‘fo‘w‘ 7c‘m ‘70‘405‘ c‘> | 04‘05 | o?w | o.‘15 )

ANGLE FROM PROBE TRACK TO OTHER EMBEDDED TRACK (RAD)

track’s hits (at an arb ang to
probe trk)

e Park probe trk just outside (100 mrad) jet core and sweep other
embedded 50 GeV/c trk past it and measure probe trk reco eff

20
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‘Can Make Z° From Probe and Embedded Tracksl

PROBE TRACK AT 100 mrad FROM THRUST AXIS

Can reconstruct both probeand  “° F o o
400

Mean 41.07

embedded trk in outer barrel s 0207
from their VTX trk and hit ..
. 150 &
adding 00 £
50 &

0 | I | Lo b b Leag

W
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42 43 44 45 46

Two 50 GeV tracks at the spe-
faux—2° pT (GeV/c)

cific angle (131.5°) wrt each 7 - .
other make a (pr =41 GeV/c) .. ean 01,27
ZY — uTp~ decay

1 RMS 0.3203
x°/ndf 8180 / 75
N Constant 55.69

Mean 91.27
igma 0.3086

| call this a “faux-Z" mostly be-

cause it covers a tiny amount of R K R TR T aar ey

mu+mu— mass (GeV)

available ZY phase space

But it allows me to define a trking efficiency (or a Z° reconstruction
eff) without having to resort to arguing whether a “close” trk is

well-enough reconstructed .
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‘Look at faux-Z° Efficiency vs ut — T AngIeI

e Define correctly reco-ed Z as
one within £1.25 GeV (4+1'/2)
of nominal mass

e Note | gave ZY no natural
width. Reco-ed width is just
detector resolution

e Averaged (over ¢) reconstruc-
tion eff for these ZY (remem-
ber, in Z° jet jet events - aver-
age multiplicity ~ 47) is 99.1%

EFFICIENCY

0.98

RECO EFF FOR faux—27° — u'u”

1
0.5 1 1.5 2 2.5 5
ANGLE FROM mu+ TRACK TO THRUST AXIS (RAD)
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‘What to do at Snowmass?l

My code isn't very tied to hep.lcd. Can continue port now that | have

experts close by. May have results for new detectors by end of next

week

Get correct BG levels for cold machine from Takashi and turn BGs

back on
Can try hit arbitration to try to improve two-track resolution

Any other suggestions (for the tools | have)?
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