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Vertex Z - procedures )

1. Update the cluster ¢ and radius based on the reconstructed average vertex XY

2. Loop over all the inner and outer cluster pairs, keep the pairs which pass the A¢ cut and
DCA cut (proto-tracklets)

3. Move to the Z-Radius plane. For each proto-tracklets, the full strip lengths of the two
clusters (inner and outer) are considered. Project the possible vertex Z* to the Z axis
(radius = 0)

4. Fill all the possible vertex Zs* of all the proto-tracklets into the histogram

5. Fit the distribution with Gaussian function + offset to determine the reconstructed
vertex Z for single event (fit parameter and fit range tunable)

Possible vertex Z*: the shapes are different based on the methods
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Vertex Z improvement

Suggestion given by Akiba san

* |dea: the weight of each combination filled into the 1D histogram should be the same,
..e., weighting the entry by (1./“possible vertex Z range”)

ecie9969@sphnx02:/sphenix/user/ChengWei/sPH_dNdeta/Sim_Ntup’ 1 .
NCIUS > 1 OOO e e File Edit View Options Tools Help
1112 FROM MIGRAD STATUS=CONVERGED 91 CALLS 92 TOTA
EDM=6.0981e-09 STRATEGY= 1 ERROR MATRIX ACCURA ST mmm——
EXT PARAMETER STEP FIRST - _Tiemp
NO.  NAME VALUE ERROR SIZE DERIVATIVE - fﬂ'::ss e
1 Constant 9.88936e+02  1.02830e+01  1.94083e-02  1.05192e-05 1000 — StdDev  1.903 m n
2 Mean 2.75381e-03  2.20395e-02 5.89512e-05 -9.71639e-04 B Entrles Wel hted
3 Sigma 1.81223e+00 3.67564e-02 1.70493e-05 1.71654e-02 —
(TFitResultPtr) <nullptr TFitResult> 800—
root [13] htemp->Fit("gaus","","",-2.5,2.5) B = -
FCN=38.3221 FROM MIGRAD STATUS=CONVERGED 66 CALLS 67 TOTA - Flt mean 3 3829-02
EDM=2.10514e-10  STRATEGY= 1 ERROR MATRIX UNCERTAIN 600 — " "
EXT PARAMETER STEP FIRST B - =
NO. NAME VALUE ERROR SIZE DERIVATIVE - [ ]
1 Constant 9.84366e+02 9.66740e+00 1.36905e-03 6.97515e-07 400 — Flt Wldth m 1 -843ge+00
2 Mean 3.38231e-02 1.91429%e-02 5.48619e-07 -2.23329e-04 B
3 Sigma 1.84386e+00 2.77961e-02 -4.67244e-06 5.17198e-03 |
(TFitResultPtr) <nullptr TFitResult> 200 —
root [14] B
ol L
-8 2 4 6 8
LB Gaus Mean mean-MC true zvix
ecie9969@rcas2062:/sphenix/user/ChengWei/sPH._dNdeta/Sim _Ntuple _HIJING _new_20240424_HR_test/evt_vtxZ/complete_file X
ile Edit View Search Terminal Tabs Help
ecie9969@rcas2062:/sphenix/user/ChengWei/sPH_dNdeta/Sim_Ntuple_HIJING _new_20240424... ecie9969@sphnx02:/sphenix/userd cl
NO. NAME VALUE ERROR SIZE DERIVATIVE File Edit View Options Tools Help
1 Constant 9.62935e+02 7.45507e+00 4.30176e-02 8.07094e-05
2 Mean 7.05824e-04 1.25195e-02 8.67655e-05 -2.29640e-03 St
3 Sigma 1.93925e+00 8.82445e-03 8.51313e-06 7.35602e-01 __htemp
"FitResultPtr) <nullptr TFitResult> 1000 sln"'es .
ot [8] htemp->Fit("gaus","","",-2,2) n S‘Zagev 0.00:22:
‘CN=18.6416 FROM MIGRAD STATUS CONVERGED 79 CALLS 80 TOTAL - - -
EDM=1.0666e-09 STRATEGY= 1 ERROR MATRIX UNCERTAINTY 2.6 per cent 800 — Orl Inal
EXT PARAMETER STEP FIRST B g
NO. NAME VALUE ERROR SIZE DERIVATIVE B
1 Constant 9.57208e+02 1.02290e+01 7.31903e-03 -4.72052e-06 600_— F- .
2 Mean -2.01406e-01  3.01065e-02  2.74847e-05 -1.25034e-03 B It mean -1 4839-01
3 Sigma 2.02799e+00 5.45754e-02 -8.71696e-06 -3.11292e-04 — = .
"FitResultPtr) <nullptr TFitResult> —
ot [9] htemp->Fit("gaus","","",-2.5,2.5) 400— - = -
CN=31.3958 FROM MIGRAD STATUS=CONVERGED 68 CALLS 69 TOTAL B I WI - - e+
EDM=1.38919e-08 STRATEGY= 1 ERROR MATRIX UNCERTAINTY 3.5 per cent |
EXT PARAMETER STEP FIRST 200 |—
NO. NAME VALUE ERROR SIZE DERIVATIVE —
1 Constant 9.62338e+02 9.47119e+00 8.28067e-02 2.37302e-05 —
2 Mean -1.48302e-01  2.08696e-02 -2.11826e-05 -4.23607e-03 N I T T o
l.3 Sigma 1.95373ef00 3.12570e-02 -5.09078e-05 4.01835e-02 -8 -6 —4 2 0 LZB Gaus4Mean mgan Me 2’ue . O "
PP <nuliptr Trithesnle ~6% improvements
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Vertex Z improvement - trapezoidal

* l|dea given by Akiba san. For each combination, take into account of the distribution of the possible vertex Z range,
and normalize the distribution, and fill into the histogram. (Used to assume the Uniform distribution of the vertex Z)

* Justification of using possible vertex Z range / sqrt(12): The region with higher probability is presumably selected

For each combination

QOuter barrel

Trapezoidal shape for each combination

vertex Z probability distribution

A.U.

Inner barrel

Entries 5000000
Mean -37.32
Std Dev 18.79

0.009

0.008

0.007

0.006

0.005

0.004

0.003

0.002

0.001
2 il BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN

| I | | | -'l' | | | | | | | I | | | I | | | I | '.'. | | I | |
-100 -80 -60 -40 -20 0 20
Z axis

Caveat: for each combination in single event, have to have the shape, and fill that into histogram, not trivial...
Not easy, but still have the way to make it happen
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Vertex Z improvement - trapezoidal )

SPHENIX Simulation
|_.| - | | | | | | | | | | | |
) 0-5_ Event ID: 7 j
< - NClus: 361 _
';' —  Reco. vertex Z: -29.327 cm, StdDev: 0.012 cm -
D 04 - True vertex Z: -29.381 cm ]
e " "L Difference: 0.054 cm _
- » _
LL] B _

0.3 /\ —
: \\ :
0.2 | _
O . 1 B 32 30 -28 -26 -
i Z [cm] —
OJ N /\A/\‘j

0 50
Z [cm]
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Vertex Z improvement

Trapezoidal

(final vertex Z given by average of 7 gaussian
fits with the fit ranges of

Original Entries weighted “mean +(0.2 + 0.15 x i) x the_50%_width” )
SPHENIX Simulation - 3 SPHENIX Simulation SPHENIX Simulation
> B I L A L B R L — N L A L B L EL B — T e e B R R
= B — = - - D — Event ID: 27 -
c 350 — c - : : - . s
L C Event ID: 27 I LLJ - EventID: 27 - <L, 1.4 NClus:744 —
3 O O:— Reionstructed vertex Z: -20.805 cm _: 2 5:— Reionstructed vertex Z: -20.838 cm —: % E _Il?zceo;/;/zretixz:zi ;Oozgi;m StdDev: 0.027 cm E
E True vertex Z: -21.075 cm E - True vertex Z: -21.075 cm - "E 12__ Difference: 0.309 cm -
250/ 3 of- - e e
[ ] B i B A /\ ]
200 E 1.5 - 0.8F - -
150 — E E 0.6 £ n
- - 1= ] - 4 | N :
1001 = i - 0.4F | 1/ \d -
501 - OoF - 0.2 \ =
O i | WA A L L1 ] O_ | WA A L1 L1 T T O ! ! W

-60 -40 -20 0 20 40 60 -60 -40 -20 0 20 40 60 -50 0] 50
Z [cm] Z [cm] Z [cm]

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 6



Vertex Z improvement

SPHENIX Simulation
| | | | | | | | | I | |

Entry

600

Centrality: 10-20%
Gaus mean :-0.015cm

500
Gaus width : 0.190 cm
400
300
200

100

INTT meeting

T
AZ (Reco. - True) [cm]

Very central events

SPHENIX Simulation
| | | | | | | | | I | |

700

Entry

600

Centrality: 10-20%
Gaus mean :0.002 cm

500 causwidth:0.172cm
400
300
200

100

1 2
AZ (Reco. - True) [cm]

9.5% Iimprovement

Cheng-Wei Shih (NCU, Taiwan)

SPHE

SPHENIX Simulation
| | | | | | | | | I |

800

Entry

700

Centrality: 10-20%
Gaus mean :0.023 cm

600
Gaus width : 0.155 cm
500
400
300

200

100

A B T SO BT W R
0 -2 ~1 0 1 2

AZ (Reco. - True) [cm]

IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII][
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII]L

18.4% Iimprovement



Vertex Z improvement

Number of valid clusters > 1000

o sPHENIX Slmulatlon - sPHENIX Slmulatlon - sPHENIX Slmulatlon
> o000 T T [T IR RN R i > aRRR RN RN RN R RN RERENERRRNRRRE . >0 T RERRNRER REERN RN AR
c —  NClus > 1000 Z c 2200 NClus > 1000 — c | NClus > 1000 |
L] 2000:— E Ll 2000:_ - L i i
1800 E 1800} E 20001~ -
i P E 16001 cauewiat 0150 0m = [ cmvewm 01700 i
14005— E 1400 — 1500 ]
12001 E 1200 - i :
1000F E 1000E = 1 ooo:— -
800+ E 800} = : :
600F- = 600 = - )
400F E 400F = S00r E
200F - 2001 E f :
O b b b g v by M s b b by N NS NN NS R S S S L. " A AN A A A 1 Y 4 ) NI AN AN A AN ANE NN A AN AN AR AN < B AN I AN A . NI A AN A I
55151050 05 1 15 2 25 55151050 05 1 15 2 25 55151050 05 1 15 2 25
AZ (Reco. - True) [cm] AZ (Reco. - True) [cm] AZ (Reco. - True) [cm]
6.2% Improvement 12.8% Improvement

Valid clusters: cluster adc > 35 && cluster phi size <6
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) N

Determining the vertex £ from the histogram ggk €

 New trial: after having the histograms made of possible vertex Z ranges, use ML
(XGBoost) to do the final vertex Z determination

* Training variables: the content of each bin of the histogram post the 50% entry cut (2401
variables currently, corresponding to the number of bins of histogram)

* Total MC events: 80k (80% training, 20% testing)

= P eenese Post applying the bkg cut on the histo.

' B NCIus:7;14 _ S . . .
< 14r b vre 2. 20750 s 27 : by 50 /ot?]f tne hcllghteSttbm content Feed to the ML together with
f’g’ 1.2 ifterence: 0309 o - (the head structure) the answer (True vertex Z)
LL

- 14 !

| i |
08__ I

i I I

B . I
0.6F  ° .

B 1T '

------

0.4 \‘
0.2J
O_ . . .
2401 variables for each event
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) N

Determining the vertex £ from the histogram ggk €

The test sample 20% of the total MC events

Reco. vertex Z predicted by training model Reco. vertex Z by 7 Gaus fittings

predict_z-MG._true_z:MG_true_z {(nclu_inner+nclu_outer)>800} fit_reco_z-MC_true_z:MC_true_z {(nclu_inner+nclu_outer)>800}

50

E o= 3 = —{25
£, = —125 = e :
N 40— Entries 5964 . A = II\EAI;t;Isi 159956‘21
x = () — e
x N Meanx  -195.1 £ = '
B 30 I
g 80 Meany —0.00797 > Meany, o 0clh P
o — S © i Std Devx 51.54
o — td Dev x 51.45 —120 S ool Std Dev i
= 20— StdDevy  1.746 = - y :
1 : N .
0 5. 15
g B - 15 o =
> oF "1 s O )
3 = - % =
= — 10—
5 0 B 10
8 — 10 = =
. oo 20—
= =
~30F 5 - 5
40— —40[—
e | | | | | _5 | | | | I | | | | | | | | | I | | | | | | | | | | | | | | 0
_5—%00 | | | 1_400 | | | 1—300 | | | 1—2001 | | 1—1 00l | | | 0 | | | | 1 00 0 _%00 _400 _300 _200 _1 00 0 1 00
True vertex Z [mm] True vertex Z [mm]
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The test sample 20% of the total MC events
= [rue vertex Z

== Reco. vertex Z predicted by training model

mmmm=  Reco. vertex Z by 7 Gaus fittings

Number of cluster® > 800

Determining the vertex £ from the histogram ggk €

) N

hist_train histZ_train histZ_fit
> 400 2 B Fa B
E [ : : I.IC.I 300 [ histZ_train Lﬁ 300 [
350 —_st.lan___ - Entries 5964 . histZ_fi
—~ Mean  —0.01604 - Mean -195.2 B I\E/Intries 5964
[ ' ' — StdDev  51.44 250 — ean -194.9
3001 ] SidDev  1.664 250 : g StdDev  51.19
250 :— 200 [ 200 :—
- I hist_fit - .
200— Entries 5232 N e
= Mean 0.2701 1501 B
150 — Std Dev 1.762 B E
u W 100— 100—
100/— - B
50— w? w;
0 : | | | | | | | | | | | | I | | | I | | | 1 I | | | | B | * I 1 | | | | ] ] I | | I | I 1 1 1 1 B 1 | | S— I 1 1 1 1
=30 —20 -10 0 10 20 30 200 —400 ~300 —200 ~100 0 100 200 100
AZ [mm] Vertex Z [mm] Vertex Z [mm]
Train StdDev: 1.664
7 Gaus fit StdDev: 1.762
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Summary and thoughts )

* With the trapezoidal describing the shapes of the possible vertex Z range for each
combination and the entry normalization involved, (I think) we are really touching the limit
of the vertex Z determination by INTT standalone data, which is good!

 IMHO, the avg_7_Gaus_fit is already very optimal, but nevertheless, just thinking out
loud, giving the ML a try

* |t seems that the ML does not improve the resolution “that much?”, (I think) which
iIndicates that, again, we are touching the limit

 But ML seems to have the capabillity to mitigate the wiggling structure at the vertex Z
around -20 cm, which makes this approach promising (maybe not the run24 needs to
worry about), but more check is needed for sure (retrain with higher statistic, etc)

 Concern: data/MC discrepancy, model overtrain. For data, can possibly (only) be
validated by cross check study with MBD vertex Z
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INTT geometry

INTT: 2 sensors X 2 sides of half-ladders X 56 ladders = 224 sensors

SenSI‘ Yam
B A

INTT meeting

A B

SPHE

Notation: BxLyz;
x: Barrel ID (0 for inner or 1 for outer)
y: Layer ID (O for inner or 1 for outer)
zz: Ladder ID (from 0 to 15)

B1l1o4

(horizontal)

Axis (Right-haded coordinate)
X-axis: y x z
y-axis: Vertically upward direction |
z-axis: The blue beam direction (pointing to the nrth)

o

View from North to South

Outer barrel  Inner barrel
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