


N
Sz‘D
e’

* PerfectPFA studies
* The IowaPFA
* Optimizing SiD with PandoraPFA
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Flux return/muon
R,,= 333 cm

R,..= 645 cm

Solenoid: 5 T; R,,= 250 cm

solenoid

Vertex detector:
5 barrels, 4 disks; R,,= 1.4 cm
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 Cheat on tracking: correctly assign tracker
hits, if sufficient number of hits smear
parameters. If insufficient number of hits treat
as neutral.

* Correctly assign hits in the calorimeter: If
sufficient number of hits use them to
reconstruct neutrals. (both energy and
direction)

e

sclense & Tachnology Facllitles Coungil
W Rutherford Appleton Laboratory



N

e’

Vi
iD -

AE results for SID0O1

Perfect pattern recognition reconstruction - sid01

entries per 1GeV

1,000 T
1 PPR : dEnergy
950 Entries : 7275
900 T Mean : -1.1022
850 1 Rms : 5.0857
800 + gauss
amplitude : 811.12+13.9
750 T mean : -0.69874+0.04087
1 sigma : 3.3856+0.0413
700 X2 : 5.9298
650 T
600 T
550 T
500 T
450 T
400 T
350 T
300 1T
250 1
200 1T
150 T mgm
... Perfect Pattern Recognition
50T
0 I - i i
-60 -50 -40 -30 -20 -10 0
Energy sum of all reconstructed particles - Generated Energy (200 GeV)
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entries per 1GeV
460 T

440 T

perfect pattern recognition - delta Zmass - sid01

420 T PPR :dMass
Entries :

Mean :
380 T Rms :

400 T

2639
-0.10521
4.2651

360 T gauss
340 T amplitude :

300 T Ny

340.78+£10.1
320+ mean : 0.15242+0.058503
sigma : 2.8817+0.0631
4.0316

280 T
260 T
240 T
220 T
200 T
180 T
160 T
140 T
120 T
100 T
80T
60T
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* PPRClusters: Cluster hits in the calorimeters,
discard clusters with < 3 hits, and assign
clusters to the particle contributing the most
energy to the cluster. Then proceed as above.

* This is though cheating on assignments a more
realistic approach

e
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AE results for SIDO0O1

entries per 1GeV

850 T

800

750

700

650

600

550

500

450

400

350 7

300 T

250 7

200 7

150

100

50 7

DT>2 : dEnergy

Entries : 7275

Mean : -2.7688

Rms : 6.8580
gauss

amplitude : 621.44+11.6
mean : -2.2318+0.0541
sigma: 4.2341+0.0603

X2 7.8084

PPRClusters

Using PPRClusters
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PPRClusters - sid01

-30 -20 -10
Energy sum of all reconstructed particles - generated energy(200GeV)
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* For comparison purposes, define
- AE=V2*rms,/mean,,+ <E> of the total reconstructed energy

distribution in fixed cm energy events
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Radial dependence

sqrt(2)* rms90/(230+mean90) in ZZ->qqnunu events at 500 GeV

dE
0.040 T

0.038 T
0.036 1 |
0.034
0.032
0.030 T
0.028 T
0.026 T
0.024 1
0.022
0.020 T =
0.018 T
0.016 T
0.014 T

0.012 1

® PPRCI - SteelRPC

H PPR - SteelRPC

A PPRCI -SteelScintAnalog
PPR - SteelScintAnalog

0.010 I
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* The large difference in energy resolution for scintillator

vs RPC translates into a small difference in jet energy
resolution.

Real clustering, even when cheating on assignments,

has an impact on performance, and we start seeing a
radial dependence.
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* using org.lcsim
Supports both RPC and Scintillator readout in the HCAL

Choice of

- cluster algorithms

- photon finders

uses track cheating up to now
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u_:-2.36 GeV
90
rms,,: 4.36 GeV
i 1l I | I | I IH roe i ——| I L1 I I
0 10 20 30 40
Dijet mass residual (GeV/c?)

sidO1
HCAL with RPC's
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€ 200 =
a - 5 200—
> 180 u :-3.76 GeV =" u_:-3.43 GeV
ot 0 G 180 %
~ 160 ; - - ;
5 rmsg,: 4.11 GeV % 160 - rmsg,: 4.19 GeV
L 20— =
8 F 8140
5 - -
5 1201 E 120
100 100
80 80}
60} 60 |-
401 a0
20 :— 20—
D_IJ—I 11 11 1 —ll'll—llllll I i u_lJ.— |.-|—L [ L3 il I'I.-lLlI-IIlll I i
40 - - - 10 20 30 a0 40  -30 -20 -10 0 10 20 30 40
Dijet mass residual (GeV/c?) Dijet mass residual (GeV/c?)

sidO1 scint sidO1_ scint
Scintillator HCAL Scintillator HCAL
with digital readout with analog readout
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HCAL AM/M
Steel/RPC 4.9-51%
Steel/Scintillator 4.7-4.8%
W/Scintillator 4.7-4.9 %
W/RPC 5.5%

c AM =IMSqo
* M=mz-meangyo
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* Use the current best Particle Flow Algorithm
- PandoraPFA by Mark Thomson

e Start optimizing SiD
- ECAL radius and length

- B field
- HCAL depth segmentation

* Caveat : Only works well within Mokka/Marlin
Framework

* No real SiD detector model available in this framework
* Have to use a SiD look-alike, the SiDish
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- tracking shouldn't matter ... to first order

sclense & Tachnology Facllitles Coungil
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Use PandoraPFA 2.01 & LCPHYS
LDCO00Sc Model
Define SIDish

Use track cheating

Detector Summary:

LDC00Sc @ SIDish
ECAL inner radius 1.7 m 1.25m
ECAL length 2.7 m 1.7m
ECAL layers 30+10 20+10
ECAL material SiW SiW
HCAL layers 40 40
HCAL material Fe-Scint Fe-Scint
Field 4T 5T
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| B Field dependence 91 GeV | B Field dependence 200 GeV

= [ = [
S S 44
= 34¢ = F
B 42—
32— By
- o §.’D.Tl_4 T
30 S5/Dish_41 SiDish 6T 18—
-4 SiDish N " = s .*L;: <h
28 L - SiDish_6T
B 34—
26 T pCoose C
B P 32—
9al— | LDCO0Se
- 3 ¢
22 B 28 :—
C 26—
20 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | 1 1 1 1 | 1 1 1 1 | 1 | 1 1 1 1 | 1
4 4.5 5 5.5 6 4 4.5 5 5.5 6
B Field (T) B Field (T)
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\ Radial Dependence 91 GeV |

28

26

24

22

20

ish 10 z17

!

¢
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SiDish SiDish r15 z17

$

LDCU0Se
o

1000 1100 1200 1300 1400 1500 1600 1700

Tracker Radius (mm)

| Radial Dependence 200 GeV \

=

5%
42
40
38
36
34
32
30
28

26

I I|III|III|III| T |III|III;‘D|I

.r'sh_}'fo_zf 7

SiDish
SiDish_r15_ 217

LDCO0Se

1 L1 1 L1 1 | 1 1l 1 | 1 L1 1 L1 1 L1 1 L1 L1
1000 1100 1200 1300 1400 1500 1600 1700
Tracker Radius (mm})

Detector TAG

rms90 (91 GeV) | rms90 (200 GeV)

LDCO00Sc

24.6

0.3 29.7

0.5

SIDish

27.9

0.4 35.4

0.7

SIDish_r10_z17

30.4

0.4 42.5

0.8

SIDish_r15_z17

27.7

= |4 |+ [

0.4 34.4

= |4 |+ [

0.6
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cos0=0.71
» Study forward 088208 — — N — — |- HDe00Se
|
performance c050=0.92 | ' """""""""""""""""""""""" K SIDislrh_r125_z19
* Special Samples o SiDish |
- 1 u jet at cos6=0.92 | 3 ¥ :
- available at 100 GeV : |
R - |
* Will extend study to - o |
higher energies
Detector Ta u (100 GeV)
9 o% | Error
SIDish 40.2 0.4
LDCOO0Sc 29.6 0.3
SIDish_r125 z15 44.2 0.5
SIDish_r125 z19 38.3 0.4
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Z Dependence 100 GeV u jet

SiDish r125 z15

B
B

ol ('3""(0}

'
N

SiDish
T

B
=)

3_L|III|III|III|III|III|III|III|III|III|I

oL

" SIDish_r125 z19

1

7%
(= 2]

L
(=)

%)
9

7%
]

LDCO0Sc

L

oY
=]

NN
o o

] | ] ] ] |
2600 2800

ECAL z (mm)
Forward performance depends linearly from detector length

2400

2200

2000

800

600

1 1

—
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* HCAL as Fe-Scint
e FiX )\Iron to 4.5
* vary number of layers
- 30,40, 50
uds (91 Gev) | uds (200 GeV)
Detector Tag Layers a % Error a % Error
SIDish_v2 hcal30 145 30 29.6 04 399 0.7
SIDish_v2 hcal4d0 145 40 29.3 0.4 38.7 0.7
SIDish v2 hcal50 145 50 28.2 071 367 0.7
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Layer Dependence 91 GeV

33

32—

i (%)

M—
SIDisk_v2 hcal30 i45

SiDish v2 heal4G 145

o | %

0 115

SIDish_v2_hcaf
29—
28 — }
27—
2E — 1 | | | 1 | | | | | | | 1 |
30 35 4D 45 50
HCAL Layers
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Layer Dependence 200 GeV

44

it (%)

42—
SIDish_v2_hcal30_ 45
40—

38

36—

SIDish_v2_hoald0_i45

SIDish vZ heals

50
HCAL Layers

1 145



N
Sz‘D
e’

* Is the ECAL optimal ?

- we see a small benefit going from 20+10 to 30+10 layers
- better segmentation helps ?

- or just pure thickness ?
* Made a SiDish_ecal_q37
- SiDish with 37 layers but same overall thickness

e Make a SIDish ecal25 50
- 20+10 layers

- 2.5 mm /5.0 mm tungsten thickness and smaller gaps (1 mm)

- will change global radius (very small effect)
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32 SIDish_eq37

& yds (91 Gev) - uds (200 GeV)

,__%

SIDish_ecal25 50

30 :
° i SIDish SIDish 140
28 — ish_eca
——

26

24

22

20
14 16 18 20 22 24 26 28 30

X0
Radiator uds (91 Gev) | uds (200 GeV)
. X

Detector Tag Thickness Layers| %, oa% | Error | a% | Error
SIDish 1.4/4.2 mm | 20+10 | 20 27.9 04 354 0.7
SIDish_ecal40 1.4/4.2mm | 30+10 | 24 27 .1 0.5 33.9 0.6
SIDish_ecal eq37| 1.41 mm 37 15 28.1 0.4 37.6 0.6
SIDish_ecal25 50/2.5/5.0 mm | 20+10 | 29 27.3 04 35.1 0.6
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* SiD is on its way to fix the general detector parameters

- ECAL radius and length
- B field
- HCAL depth segmentation

* Tools are coming online
* We'll have a detector frozen soon (~ month)

* Thanks to Ron Cassell, Matt Charles, Steve Magqill, John
Jaros, Norman Graf, Harry Weerts and Andy White for
contributions to this talk.
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