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Comparisons between before and after TPC smearing

* Hits distributions
* Resolutions of local x and local y of TPC
* Residuals and pulls

* Fitting outcomes



Comparisons between before and after TPC smearing

* Branch: combine-bump
* Before TPC smearing
(commit i1d: 047c8ebab2da85ac2e9b2dldaec/7/62e5e763eec)
* After TPC smearing
(commit i1d: d55e55fcabblcl8c4b21664alccb34dd35f6d8a’)

* Same options * Codes
e Particle gun: 10000 p from (0, 0, 0)  fimecooerisses
° I\/Iagnetic f|e|d (O’ O’ BT) eta=$(echo "-0.5+I((1-${cos_theta})/(1+${cos_theta}))"|bc -I)
* p_T: 100GeV e,
® e: 850 --dd4hep-input ../../Detectors/DD4hepDetector/compact/CEPC/cepc_v04_master.xml \

--dd4hep-envelopeR 0.1\
. . . . --dd4hep-envelopeZ 0.1 \

* : uniform distribution bf-values 00 31
--pg-pt-range 100 100\
--pg-eta-range ${eta} ${eta} \
--pg-nparticles 1 \
--events 10000 \
--output-root 1



Hits distributions
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Resolutions of local x and local y of TPC
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Residuals and pulls -- filtering
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Comparisons between before and after TPC smearing

* Before TPC smearing
* Prediction, filtering and smoothing Vv

* After TPC smearing
* Prediction, filtering and smoothing X
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Residuals and pulls -- fitting
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Comparisons between before and after TPC smearing

* Before TPC smearing
* Prediction, filtering and smoothing V
* Fitting X

* After TPC smearing

* Prediction, filtering and smoothing X
* Fitting X
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Fitting outcomes -- LOCO
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Fitting outcomes -- LOC1
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Fitting outcomes -- PHI
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Fitting outcomes -- THETA
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Fitting outcomes -- QOP

Before

t_QOP eQOP_fit err_eQOP_fit .
= o = e _1PC smearing
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Modify the resolutions of sub-detectors

* Resolutions of locO and locl
* Hits distributions
* Residuals and pulls

 Total
 Each sub-detector



Resolutions of locO and locl

—1850
E - SET Vertex 25 4 4 4
1800
o 6 4 4
Tee . SIT 1 28 2 5 250 v
350 J‘/Tm..m-co.sz:a
- 7 SIT 2 31 2 5 250 Vv
300F yd -
- Vs -~
- * - FTD 1, 2 24 2 3 3
~ s ~7| |cost]|=0.969
- Vi A7 FTD 1, 2 pos 26 2 3 3
200 Va -
— // /,“’
£ SsIT s A FTD 3 neg 19 2 5 250 Vv
150F a P -
B s e o
L s - ’-___..-'
2 00F- s ) - I = FTD 3 pos 29 2 5 250 Vv
vrx 7| 7 s o
S P i P FTD 4, 5 neg 14 2 5 250 v
-7~ _l-—" ! Beampipe
2'—'/'1’-1 eozdocepozqenay--cf-"q---p 1 1 1 ] I--.J:;;‘—:-i-_"{_'_r_l__l__ FTD 4, 5 pOS 32 2 5 250 .\/
0 200 400 600 800 1000 .
TPC 34 2 100 5000
SET 36 2 5 250 Vv
ETD neg 6 2 5 250 v
ETD pos 37 2 5 250 v




* Branch: combine-bump
e Commit id: cbbab4/78e13654bcabbc/e588b0686506ff9836¢

* Same options e Codes
* Particle gun: 10000 u from (0,0,0) o,
* Magnetic field: (0O, 0, 3T) dirName=cepc_sim_${pT)
*Dp T: 100GeV NEvents=10000
* cosO: uniform distribution /nctssimatrzsDbihep |
° . ' ' ' ' --dd4hep-input ../../../Detectors/DD4hepDetector/ t/CEPC/cepc_v04_master.xml \
(p_ Uﬂlform d|St|’|but|On __dd4h§g_enn?/e|opepq o_f\ec ors epDetector/compac cepc master.xm

--dd4hep-envelopeZ 0.1\
--bf-values 0 0 3\
--pg-pt-range ${pT} ${pT}\
--pg-nparticles ${NParticles} \
--events ${NEvents} \
--output-root 1\
--output-dir ${dirName}

20



Hits distributions
* Entries/Nparticles: 9952/10000

sgrt(g_x_hit*2+g_y_hit"2) [mm]
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* Branch: combine-bump
e Commit id: cbbab4/78e13654bcabbc/e588b0686506ff9836¢

* Same options e Codes

* Particle gun: 10000 p from (0, 0,0)
° ' ' - theta=85

Magnetlc fleld (O’ O’ BT) coesjheta:$(echo "$theta"|gawk {printf("%12.10f\n",cos($1/180.#3.141592653))})
. : dirName=cepc_sim_${pT}_${th

p_T: 100GeV Srme=cepe.sin S5t
o 9: 85° NEvents=10000
° (p uniform dlstrlbutlon /ActsSimFatrasDD4hep \

) --evg-input-type gun \

--dd4hep-input ../../../Detectors/DD4hepDetector/compact/CEPC/cepc_v04_master.xml \
--dd4hep-envelopeR 0.1\

--dd4hep-envelopeZ 0.1\

--bf-values 0 0 3\

--pg-pt-range ${pT} ${pT}\

--pg-costheta-range ${cos_theta} ${cos_theta} \

--pg-nparticles ${NParticles} \

--events ${NEvents} \

--output-root 1\

--output-dir ${dirName}



Hits distributions o =
* 0O:85°
* Entries/Nparticles: 9996/10000

Volyme La_yer nMeasurements
_id _id
2

17433

sqgrt(g_x_hit*2+g_y_hit"2) [mm]
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g_z_hit [mm] g_z_hit [mm]



Entries

Entries

esiduals and pulls -- prediction

Parameters of measurements

Total
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Entries

Entries

esiduals and pulls -- filtering

Parameters of measurements
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Entries

Entries

esiduals and pulls --

Parameters of measurements

Total
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Residuals and pulls --

Entries

Entries

Parameters of tracks
Total
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Residuals and pulls -- prediction

Parameters of measurements
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Residuals and pulls -- prediction

Parameters of measurements
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Residuals and pulls -- prediction
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Parameters of measurements
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Entries
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esiduals and pulls -- prediction

Parameters of measurements
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Residuals and pulls -- prediction

* Parameters of measurements .
* SET
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Residuals and pulls -- filtering

* Parameters of measurements e O 85°
* Vertex
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Residuals and pulls -- filtering
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Residuals and pulls --

Parameters of measurements
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Residuals and pulls -- filtering

° g;ameters of measurements e O 85°

I
|
1
E 4000:_ E 1801 ‘0_'1310000_, 1 E [ .a E E 350F
E 35002 = filtering £ r - filtering £ i e filtering - 5 300;— - filtering = 45; efiltering E 3003_ < filtering
E 160 8000F 1 E 40F :
3000 r r . 2501 b 3
25007 140r 6000} : i o Nl
E L i - 200 30:_ 200F
20001 1200 I 1 : g .
1500 40001 . 25 150
£ 100 i E E
= F . E 20 1000
1000F I 2000F | 1001 :
500:_ 80_— F . [ 15:_ 500
G:' I 1 I I N IR IR IS R G'l I ] 1 1 SOC S I B B o TSI RSN B
-04 -0.2 0 0.2 0.4 -0.4 -0.2 0 0.2 0.4 -0.004 -0.002 0O 0.002 0.004 . -5 5 -5 0 5 -5 0 5
res_loc1 [mm] res_loc2 [mm] res_¢ [rad] I pull of loc1 pull of loc2 pull of ¢
|
£ 1800- 10000~ 1§ s £ so0f
E E < filterin E [ ~filterin - E r e fifterin c g <filterin
u 16005 o u L g 1Y oab o W 3500 o
1400~ saoor- . : 300F
1200 f 1 35 I :
E 6000 . 250F
1000 [ - | 1 E P | |
3 [ 30 200
-_ Residual ! = u
: 4000 g 1500
600F i 1 50 g
E i . — 100F
400F 20001 1 sof :
200 [ . F 50}
G: ] P R ] G_ ] ] ! ! 1 S P S B bt 1
-0.004 0.002 0 0.002 0.004 -0.04 -0.02 0 0.02 0.04 . -5 0 5 -5 0 5
res_0 [rad] res_qg/p [e/GeV] 1 pull of & pull of g/p
I
1

37



Residuals and pulls --
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Residuals and pulls --

* Parameters of measurements
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Residuals and pulls -- smoothing
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Residuals and pulls -- smoothing

* Parameters of measurements e O 85°
* Vertex
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* Branch: combine-bump
e Commit id: cbbab4/78e13654bcabbc/e588b0686506ff9836¢

* Same options e Codes

* Particle gun: 10000 p from (0, 0,0)
° ' ' - theta=20

Magnetlc fleld (O’ O’ BT) coesjheta:$(echo "$theta"|gawk {printf("%12.10f\n",cos($1/180.#3.141592653))})
. : dirName=cepc_sim_${pT}_${th

p_T: 100GeV Srme=cepe.sin S5t
o 9: 20° NEvents=10000
° (p uniform dlstrlbutlon /ActsSimFatrasDD4hep \

) --evg-input-type gun \

--dd4hep-input ../../../Detectors/DD4hepDetector/compact/CEPC/cepc_v04_master.xml \
--dd4hep-envelopeR 0.1\

--dd4hep-envelopeZ 0.1\

--bf-values 0 0 3\

--pg-pt-range ${pT} ${pT}\

--pg-costheta-range ${cos_theta} ${cos_theta} \

--pg-nparticles ${NParticles} \

--events ${NEvents} \

--output-root 1\

--output-dir ${dirName}



Hits distributions

* Entries/Nparticles: 9999/10000
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Residuals and pulls --

Entries

Entries

Parameters of tracks
Total

500

400

300

200

100

0

-04 -0.2

0 0.2 0.4
res_loc1 [mm]

~0.004 —0.002

0 0.002 0.004

res_0 [rad]

Entries

~fitting

—0.

4 02 0 02 04
res_loc2 [mm]

~fitting

0

1 1
-0.04 002 0

| |
0.02 0.04
res_qg/p [e/GeV]

Entries

0 —0.004 -0.002 0

0.002 0.004
res_¢ [rad]

Residual

itting

Entries

Entries

1200f

1000f

800

600

400

200

140F

120}

80

40k

20!

100f

60f

5
pull of loc1

—
pull of &

|
[4,]
ol

Entries

ies

Entri

1400f
1200
1000}
800f

400F
200}

600f

* 0:20°

=fitting

A

1800F
1800}
1400F
1200
1000
800f
600f
400F
200}

5
pull of loc2

=fitting

5
pull of g/p

Entries

240F
220f
200F
180F
160F
140
120
100

80F

6O0F
40

20

5
pull of ¢

Pull



Residuals and pulls -- prediction

* Parameters of measurements . B 20°
* Vertex
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Entries
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esiduals and pulls -- smoothing

Parameters of measurements
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Entries

Entries

esiduals and pulls -- smoothing

Parameters of measurements e B 20°
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* Pixel
 Prediction, filtering and smoothing V better than strip

e Strip
* Prediction, filtering and smoothing V

* TPC
* Prediction, filtering and smoothing X



Turn off the TPC

* Hits distributions

* Residuals and pulls
* Total



Turn off the TPC

* The new volume ids

Sub- Volume New Layer o s | | el s e If
detector _id Volume_id _id = M - H strip
2 3 3

—1850
SET ! Vertex 25 20 4 4 4
8
i 3 6 4 4
i SIT 1 28 23 2 5 250
300 - SIT 2 31 26 2 5 250
v -~
250 g 7 FTD 1,2 neg [ 19 2 3 3
|cosB |=0.969
200 FTD 1, 2 pos 26 21 2 3 3
SIT L~
150 - _ FTD 3 neg 19 14 2 5 250
100 | cosd|=0.993 FTD 3 pos 29 24 2 5 250 v
Ve -
P _
50 > _ FTD 4, 5 neg 14 9 2 5 250 N,
- 2 Beampipe
0 =5 — T . 350 FTD 4, 5 pos 32 27 2 5 250 v
Z [mm]
“: 34 — () 5000
SET 36 31 2 5 250



Turn off the TPC

 Branch: turn-off-TPC
e Commit id; f8e6f93ed/7ed46cadd1646dc6583e5980fda9b9b

* Same options e Codes
* Particle gun: 10000 u from (0O, O, 0) =100
[ J I | . i — _i _$
Magnetic field: (O, 0, 3T) iame=cepe sim S(o7)
° p T 1OOGeV NEvents=10000
* €o0sO: uniform distribution ActsSmParasDDihep \
° (p: uniform dlstrlbutlon ::glgjﬂgg:iennri/LJetlo..F/).é/F.{./glet\(ectors/DD4hepDetector/compact/CEPC/cepC_vO4_master.xmI\

--dd4hep-envelopeZ 0.1\
--bf-values 0 0 3\
--pg-pt-range ${pT} ${pT}\
--pg-nparticles ${NParticles} \
--events ${NEvents} \
--output-root 1\
--output-dir ${dirName}
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Hits distributions
* Entries/Nparticles: 9949/10000

sqrt(g_x_hit"2+g_y_hit"2):g_z_hit sgrt(g_x_hit"2+g_y hit*2):g z hit
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Turn off the TPC

 Branch: turn-off-TPC
e Commit id; f8e6f93ed/7ed46cadd1646dc6583e5980fda9b9b

* Same options * Codes
* Particle gun: 10000 p from (0, 0,0) .,
* Magnetlc fleld (O’ O’ BT) f:git_i;(ftf;:$(echo "$theta"|gawk {printf("%12.10f\n",cos($1/180.¥3.141592653))})
* p_T: 100GeV Py Sthe)
° 9: 850 NEvents=10000
* : uniform distribution e

--dd4hep-input ../../../Detectors/DD4hepDetector/compact/CEPC/cepc_v04_master.xml \
--dd4hep-envelopeR 0.1\

--dd4hep-envelopeZ 0.1\

--bf-values 0 0 3\

--pg-pt-range ${pT} ${pT}\

--pg-costheta-range ${cos_theta} ${cos_theta} \

--pg-nparticles ${NParticles} \

--events ${NEvents} \

--output-root 1\

--output-dir ${dirName}
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sqgrt(g_x_hit*2+g_y_hit"2) [mm]

sqri(g_x_hit*2+g_y_hit"2)
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Residuals and pulls -- prediction

Parameters of measurements
Total
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Residuals and pulls -- filtering

Parameters of measurements
Total
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Residuals and pulls --

Parameters of measurements
Total
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Residuals and pulls --

Parameters of tracks
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2500

2000

1500

1000

500

=fitting

o

3.5

L]

25

n

0.5

o

0.4

1 1
-0.2 0 0.2 0.4
res_loc1 [mm]

-0.004 0.002 0

= fitting

0.002 0.004
res_0 [rad]

Entries

Entries

240
220
200
180
160
140
120
100
80
60
40
20

-04 -02

0

0.2 0.4
res_loc2 [mm]

6000

5000

4000

3000

2000

1000

~fitting

0

1 1
-0.04 -0.02

0

| |
0.02 0.04
res_qg/p [e/GeV]

Entries

250

200

150

100

50

itting

0 —0.004 -0.002 0

Residual

0.002 0.004
res_¢ [rad]

Entries

Entries

3500
3000
2500
2000
1500
1000

500

=fitting

500

400

300

200

100]

|
o
o

5
pull_loc1

Entries

Entries

e O:85°

500

400

300

200

100

=fitting

4000
3500
3000
2500
2000
1500
1000

500

5
pull_loc2

=fitting

pull_g/p

Entries

5000

4000

3000

2000

1000

=fitting

5
pull_¢

Pull



 Branch: turn-off-TPC
e Commit id; f8e6f93ed/7ed46cadd1646dc6583e5980fda9b9b

* Same options * Codes
* Particle gun: 10000 p from (0, 0,0) .,
* Magnetlc fleld (O’ O’ ST) f:kc])itj;;c;:MeCho "$theta"|gawk {printf("%12.10f\n",cos($1/180.¥3.141592653))})
* p_T: 100GeV Py Sthe)
° 9: 200 NEvents=10000
* : uniform distribution e

--dd4hep-input ../../../Detectors/DD4hepDetector/compact/CEPC/cepc_v04_master.xml \
--dd4hep-envelopeR 0.1\

--dd4hep-envelopeZ 0.1\

--bf-values 0 0 3\

--pg-pt-range ${pT} ${pT}\

--pg-costheta-range ${cos_theta} ${cos_theta} \

--pg-nparticles ${NParticles} \

--events ${NEvents} \

--output-root 1\

--output-dir ${dirName}
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Hits distributions
* Entries/Nparticles: 10000/10000
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Residuals and pulls --

Parameters of measurements
Total
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Residuals and pulls -- filtering

Parameters of measurements
Total
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Residuals and pulls -- smoothing

 Parameters of measurements
e Total
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Residuals and pulls --

Entries

Entries

Parameters of tracks

Total
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« TPC
* Prediction, filtering and smoothing X

* Fitting X



summary

* TPC
* The bad resolutions of TPC highly affect the performance

* Fitting
* Fitting has some problems of its own



