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Upsiream Tracker (UT)

« Replacing strips with Silicon
pixels

T-stations
Hybrid Detector
(Mighty Tracker):

 |Inner Silicon Detector made

of pixels (Inner Tracker and
Middle Tracker)
« Qutside Scintillating
Detector similar to
Upgrade 1 solution
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UPGRADE 2

- Inner Tracker (LS3) - I 20cm 1 20cm
<>

<>
B Middle Tracker (LS4) ~54 cm (one Sci-Fi module) 20 ¢cm

IT
Area per layer = 6 lots of 20x54 cm = 0.7 m? (minus beam hole)

Total Area = 6 layers of 0.7 m? = 3.9 m? (minus beam hole)

IT+MT
Area per layer = 28 lots of 20x54 cm = 3.0 m? (minus beam hole)

Total Area = 6 layers of 0.7 m2 = 18.1 m2 (minus beam hole)
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TRACK MATCHING

Kink approximation Using @
Long tracks frue

Bending plane (xz) “cheated”

pattern
recognition

—
N Real Track
X
Velo
R UT Zmag
4 Magnet
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TRACK MATCHING IDEA

Let’s build our y?
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TRACK MATCHING IDEA

Bending plane (xz)  Let’s build our )(2

Zmag T stations

2 (xpre o xmeas)z

(0x)*
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TRACK MATCHING IDEA

Let’s build our y?

Non-bending plane (zy)

Zmag T stations

2 | (.Vpre R ymeas)z

&2
|

(0y)*
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TRACK MATCHING IDEA

Let’s build our y?

Non-bending plane (zy)

ty meas

Ly pre

E

Velo
UT
“mag T stations
(tYpre — tYmeas)®
XZ . | pre meas
— |
2
(Uty)
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TRACK MATCHING IDEA

Let's build our x?

ty meas

Ly pre

Velo

° o Z °
Zmag T stations Zmag T stations mag T stations

2 _ (Xpre = Xmeas)” | (ypre — :Vmeas)z | (tYpre — tYmeaS)Z
(0x)? (O-y)z (O-ty)z
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- EFFICIENCY AND GHOST RATE

Find the match with minimum y? and check if it's real or fake

real match

Efficiency =

total long tracks

fake match
all matched (real+fake)

Ghost rate =
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FIRST RESULTS

20 events for long tracks coming from MC sample

of B decays
Luminosity =2 x 1033 em™%s~1 Luminosity = 1.5 x 1034 ecm™%s~1
Upgrade 1 Upgrade 2
Efficiency Efficiency
0.968 = 0.005 0.932 £ 0.003
Idea to reduce
Ghost Rate Ghost Rate # Ghost Rate:
0.127 = 0.008 0.173 £ 0.004 Use a threshold fo

cut very large y?

(Upgradel analysis valid
only for long tracks with
this algorithm conditions)
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........

2 (xpre_xmeas)z

D

(J’pre_leeas)z

L -

DING MOMENTUM TERM

(tYpre—tYmeas) 2 (Ppre _pmeas)2

X% = +

(0x)?

tx UT

Velo

Zmag

Ut
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(O'y)z

_I_

_I_

(oty)? (op)?

) txUT B txvelo r ppre
Expected momentum

LXTstat .
" resolution: ~15%

° thstat - txvelo > Pmeas
Expected momentum

resolution: ~1%

T stations
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Efficiency
0.940 £ 0.008
Ghost Rate
0.180 £ 0.011

Starting x?

Alessandro Scarabotto

MOMENTUM RESULTS

3-4 events for long tracks

Upgrade 2
Efficiency Efficiency
0.958 £ 0.006 0.979 £ 0.005
Ghost Rate Ghost Rate
0.165 £0.011 0.146 £ 0.010

Fake momentum Increasing Velo-UT
with expected momentum
resolution resolution to 1%
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L T—-_—,
INSERT TIME TERM

(tye )?
¥ . velo Tstat
time — , , .
(O'velo) +(0'Tstat) Let’s suppose a tfime resolution of 30ps

Opelo = 30 PS
Orstar = 30 PS

tPV PV

ttrue
l tvelo = tirue™ Ovelo

PV
thtat — ti + OTstat

Velo

Zmag

Ut

T stations
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Efficiency
0.940 £ 0.008
Ghost Rate
0.180 £ 0.011

Starting x?
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Upgrade 2

Efficiency
0.948 +- 0.007
Ghost Rate
0.173 +- 0.011

Fake time with 30 ps
resolution

TIME RESULTS

3-4 events for long tracks

Efficiency
0.97 £ 0.005
Ghost Rate

0.154 £0.011 o
‘ Limit of the

approximation
0.03 by taking out tracks

not reaching the T-stations

Fake time with 1 ps
resolution
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ONCLUSIONS AND WAY AHEAD
Upgrade 2 Upgrade 1

Momentum Efficiency
Efficiency - 0.958 £.0.006 Efficiency
Ghost Rate
0.940 £ 0.008 0.165 + 0.011 conT\oare 0.968 = 0.006
Ghost Rate Efficiency P ] Ghost Rate

0.948 +- 0.007 with:

0.180 £ 0.011 Ghost Rate 0.127 £0.010
0.173 +- 0.011

First study of track matching with Upgrade 2 layout carried out.
Results look promising.

Next steps:

« Use threshold to reject tracks not reaching the T-statfions
« Improve the track model by matching curved Velo-UT and T-stat tracks
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BACKUP

For more details on the results you can also look at some of the presentations that | gave during
Upgrade 2 meetings on Wednesday mornings
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CHI2 AN

D THRESHOLDS

20 events = 6710 long tracks

I- x? distribution for long and ]downstream tracks

2 No Threshold
e 10° Efficiency:
g 1% | 94% 97% 0.932 £ 0.003
: g - Ghost rate:
107 O | P e 0.173 + 0.004
§ Threshold 97%
it Efficiency:
£ 0.922 +0.003
. Ghost rate:

0 20 40 60 80 100 0.158 £0.004

x? value
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20 evenis = 6710 long tracks

PICKING T

No Threshold
Efficiency:
0.933 £ 0.003
Ghost rate:
0.171 £0.004

Threshold 99%
Efficiency:
0.933 £ 0.003
Ghost rate:
0.167 = 0.004

RESHOL

Threshold 98%
Efficiency:
0.930 = 0.003
Ghost rate:
0.161 £ 0.004

Threshold 97%
Efficiency:
0.924 £ 0.003
Ghost rate:
0.157 £ 0.004

Threshold 96%
Efficiency:
0.917 £0.003
Ghost rate:
0.151 £ 0.004
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........

2 (xpre_xmeas)z

D

(J’pre_leeas)z

L -

DING MOMENTUM TERM

(tYpre—tYmeas) 2 (Ppre _pmeas)2

X% = +

(0x)?

tx UT

Velo

Zmag

Ut
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(O'y)z

_I_

_I_

(oty)? (op)?

) txUT B txvelo r ppre
Expected momentum

LXTstat .
" resolution: ~15%

° thstat - txvelo > Pmeas
Expected momentum

resolution: ~1%

T stations
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L

Delta Slope Velo UT

Delta Slope Velo T-stations

Delta Slope Velo UT vs momentum (Q=-1)

delta_slope_VeloUT
0.0151 Entries 3328
L Mean x 1.503e+04 + 180.9
L Meany 0.002993 + 3.765e-05 §
r Std Dev x 1.008e+04 + 127.9
0.01— StdDevy  0.002098 + 2.662e-05
B x2/ ndf 1.698e+06 / 2892
po 0.001542 + 0.001442
pi -0.002261+ 0.0003502 §
0.005 p2 1.742 + 0.5754
- p3 0.07674 + 0'04559.5
= 25
N 2
-0.005—
- 1.5
- 1
-0.01 —
C 0.5
_0 0 _l 11l I 1111 l 1111 | 1111 | ) I 1111 l 1111 | 1111 | L1111 0
' 15%00 10000 15000 20000 25000 30000 35000 40000 45000 50000
p [Mev/c]
Delta Slope Velo T-stations vs momentum (Q=-1)
delta_slope_VeloTstat
F Entries 3328
03 __ Mean x 1.508e+04 + 182.3
o Mean y 0.1206 + 0.001198
& Std Dev x 1.011e+04 + 128.9
;. Std Devy 0.06642 + 0.0008473
0.2 ¥2/ ndf 4.049e+05 / 1999
C po 0.4884 + 0.06151
C pi -0.06462 + 0.00376
- p2 4.913+0.3603
01— 0.2183 + 0.01007
- 5
0—
B 4
-0.1 :— 3
0.2 :— 2
C 1
-0.3—
111 | L1111 ‘ 1111 | 1111 | L1111 | L1111 ‘ 1111 | 1111 | 111 0
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000
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p [Mev/c]

Delta Slope Velo UT

Delta Slope Velo T-stations

Delta Slope Velo UT vs momentum (Q=+1)

delta_slope_VeloUT
0.0151 Entries 3275
L Mean x 1.485e+04 + 178.8
C Mean y -0.003021+ 3.523e-05 |
r Std Dev x 9901+ 1265 P
0.01— Std Devy 0.00195 + 2.491e-05
C x2 / ndf 1.251e+06 / 2836
L po -0.03123 + 0.01203
L p1 0.001119 + 0.000158
0.005— p2 9.221+2.112
C p3 0.3047 +0.03329 5
o— 2
1.5
-0.005
Ji - 1
~0.01—
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_0 o _I 111 | 1111 | 1111 | I | | ‘ I | 1111 | L1l | 1111 0
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Delta Slope Velo T-stations vs momentum (Q=+1)
delta_slope_VeloTstat
F Entries 3275
0.3 ; Mean x 1.487e+04 =+ 179.6
O Mean y -0.1208 + 0.001192
C Std Dev x 9899 + 127
C Std Devy 0.06572 + 0.0008432
02— x2/ ndf 3.496e+05 / 1942
C po -2.043 £ 0.2313
- p1 0.04816 + 0.002888
C p2 12.29 + 0.9086
01— p3 0.3451% 0.0103
- 5
Unn
- 4
-0.1 :— 3
-0.2F 2
‘i’ ' 1
-0.3—
ol I T | 1111 | 1111 | I | | ‘ I | 1111 | L1l | 1111 0
5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

p [Mev/c]

MOMENT
TERM

Finding dependence
on momentum of:

- tXyelo > Ppre

thstat - txvelo > Pmeas

Found functions for
charge -1 and +1:
Different bending

Fit: 5—+d

" (xP-0c)
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MOMENTUM RESULTS

20 events for long tracks

Upgrade 2
Efficiency Efficiency
0.932 £ 0.003 0.942 +- 0.003
Ghost Rate Ghost Rate
0.173 = 0.004 0.160 +- 0.004
Starting y2 2 with momentum

term (by using my
momentum estimate)
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TIMING IDEA

Arc of a circle
using the
magnetic field

» TOTAL PATH

Arc of a circle
using 3 poinfts
on Velo-UT

Using Momentum
and Mass of the
Particle

PV

Straight line
from PV to

first hit on
Velo Velo

Arc of a circle
using 3 points

on Tstat

essandro Scarapoffo Mq nelll 8/27/19
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