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Difference between field off and on

Field Off Field ON
h1 8 0 _DeltaPhi 3 h1 7 2 DeltaPhi
x10
«» 6000 0 —
B - final_DeltaPhi e F
c — Entries 2081171 < 100 final_DeltaPhi
L _ Mean 7.4875e-6 L = "Entries 48145580
5000_— Std Dev 0.0144 90— Mean 0.0002449
- = Std Dev 0.05491
— 80—
4000_— 705_
- 60
3000— —
- 50—
2000— 405—
B 30—
1000 20—

- 10—
8—|||l|l||1|lll|l|1||l||||||l|l 0:|llllllllIl|lll|lll|lll|lll|lllllllllll
-0.03 -0.02 -0.01 0 0.01 0.02 - 0.03 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1

Ao [radian] Ao [radian]

Two structures due to particles with differnet

All particles go straightly, single prominent peak charges bent by the magnetic field
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Difference between field off and on

Field Off Field ON

h2_0_1_InnerPhi_DeltaPhi h2_0_0_InnerPhi_DeltaPhi

A [radian]
A@ [radian]

-3 -2 -1 0 1 2 3 - - - _
Inner cluster ¢ [radian] Inner cluster @ [radian]

The 2D correlation is necessary as it is the input to the quadrant-method beam spot search
We just need the correlation part = have to remove the background
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The original approach to remove the background Rk

Field Off Field ON
h2 0 1 InnerPhi DeltaPhi h2 0 0 InnerPhi_DeltaPhi
— 003 h2_0_1_InnerPhi_Del = 01 .
g — Entries 2C _(_5
ﬁ : Mean x 0. g 0 08
=, | Mean y 2. —
51 0.021— = # Std Dev x g 0.06
- y -‘ Std Dev y 0.C
B z - 0.04
0.01— - - =
- - " 0.02
- -z H.
O i %5'. 0
| . rma
. - 0.02]-
e = - |
001 =% o - II|_ i -0.04
- =
- o F -0.06
-0.02
B -0.08
- _l | | | | | | | | | | | | | | I | | | | | | | | | | | | | | | '0.1
>3 -2 -1 0 1 2 3 ] ) ) Inner cl di
Inner cluster ¢ [radian] nner cluster ¢ [radian]

Original approach (work well in field off):

1. Systematically subtract the entries of all cells by 70% of the average of the entries of the top 7 cells
2. In each x slice, determine the average point using TProfileX

3. Fit the correlation with a horizontal line
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The original approach to remove the background Rk

Field Off Field ON
h2 0 1 InnerPhi DeltaPhi h2_0_0_InnerPhi_DeltaPhi
0.03 profile_0_1_Innerl 01
I Entries =
B Mean 0.08—
— Mean y - =
0.02 — Std Dev 0.06|—
— Std Dev y ( L
- 0.04
0.01— o -
- - S 0.02—
ol OF-. —~ - _
- - — 0.02 -
-0.01— B -0.04—
B -0.06—
-0.02+— u
- -0.08—
- L T _0_1:| oo oy b o by oy oy oy |
0.03LL L L . 1' 2 3 3 2 -1 0 1 2 3
Inner cluster ¢ [radian] Inner cluster ¢ [radian]

Original approach (work well in field off):
1. Systematically subtract the entries of all cells by 70% of the average of the entries of the top 7 cells
2. In each x slice, determine the average point using TProfileX

3. Fit the correlation with a horizontal line It doesn’t work in field ON case, the signal is smeared
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New approach for field-on data

* Take the 1D distirbution for each x slice (100 slices in total)

h2_0_0_InnerPhi_DeltaPhi

1300F
— 0.1 N -
g 2 1200
3 0.08 — -
=, C C
g 0.06 Ll 1100t
0.04 1000
0.02f 900}
0 800F
0.02 7005
0.04 6005—
-0.06 -
500 -
-0.08 -
400
-0.1 :III|III|III|III|IIl|IlI|III|III|III|lII
Inner cluster ¢ [radian] -0.1 -0.08 -0.06 -0.04 -0.02 0O 0.02 0.04 0.06 0.08 0.1
DeltaPhi

Two structures observed
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New approach for field-on data

* Flip the historgram (make it upside down)

INTT meeting

77 7
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300
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DeltaPhi [rad]

Now we see single Gaussian distribution somewhere in the middle
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New approach for field-on data

* Scan the distribution by sequentially fitting a Gaussian function to a certain range of distribtuion®
e The mean value of the Gaussian function with the smallest reduced chi2 is taken as the final value of this x slice**

* Repeat the procedures for all x slices

Trial 0/0: Window Center = -0.1000 rad Trial 95/95: Window Center = -0.0050 rad Trial 179/179: Window Center = 0.0790 rad
8 [ Iral0/0 Green: FIt Window gg [ Tral 95790 Green: Fit Winglaw | g [ Tnal 1797179 Green: FIt Window
% — Window: [-0.1050, -0.0950] Magenta: =3c (x° rande) % — Window: [-0.0100, 0.0000] Magenta: +3c\ wanf % ~ Window: [0.0740, 0.0840] Magenta: +3c (x° rande)
L 700 __overlap:gﬂ% ................................................................................................................. L 700 __overlap:go% ....................................................................................................... L 700 __overlap:g.o% .................................................................................................................
§ ~ Init y :-0.10000 ?é ~ ity :-0.00500 § - Init y :0.07900
S oo T AGI D21 e S aooEIMEAGIB92 _ S aooFTMEAG A6 e
L — Fitted u:-0.09500 L — Fitted u:-0.00360 L - Fitted u:0.07773
- Fitted o: 0.00787 - - Fitted o©:0.01000
500 NAf(WindOwW): Inf oo 500 1 xfndf (wi SO0 [ xndf (WindOw): 4. 7700 -
- F F ): B9042.6184
400 | TR J ------------------------------------ . 400{— 40— HIU L J ------------------------------------
oo M e 300{— 300~ M lepe
200 {\ L | 200 200 e e
1d0}i. ............ 100:— 100:— ............
Ezilllléllllllllllll 7II|III|III|III|III :III|III|III|III|I:II-II|III|III|III|III :III|III|III|III|II 7II|III|§I|IIEI|EIII
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 008 0.1 -0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 008 0.1
DeltaPhi [rad] DeltaPhi [rad] DeltaPhi [rad]

* @Gaussian fit width is forced to be smaller than 0.01
** The reduced chi?2 is calculated within 30 of the fit Gaussian width
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New approach for field-on data

h2_1_3_InnerPhi_DeltaPhi

A [radian]

-3 -2 -1 0 1 2 3
Inner cluster ¢ [radian]

In general, this method works pretty well already. But still few outliers could appear even
with some strict cuts on fit width and amplitude
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New approach for field-on data

* Therefore, the RANSAC (random sample consensus) approach is introduced as the final outlier removal
o Sample a certain fraction (90% in this case) of the total data points
 Make a fit to this subset (sine wave In this case)
* |terate the procedures several times (1000 times in this case)
* Pick up the one with the smallest reduced chi2 (or the one with the highest number of inliers)
 |dentify the outliers based on the best fit

h2 1 3 InnerPhi_DeltaPhi

h2 1 3 InnerPhi_DeltaPhi

G, — 0.1 1400
= 0.1 1400 s
& ® 0.08
§ o 8 — 11200
g S
3 J 0.06
<] .
0.04 0.04 1000
0.02 0.02}= 800
of 0
009 -0.02F o0
o0 -0.04 400
0,06 -0.06
200
008 -0.08
0.1 0.1 °

Inner cluster ¢ [radian] Inner cluster ¢ [radian]

It works well! The correlation can be clearly determined, the rest of the beam spot determine procedures remain unchanged
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New approach for field-on data

INTT meeting

h2 7 1 InnerPhi_DeltaPhi

1200
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Flat correlation is the indication that you have found the beam spot location
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Beam spot by line-fill method

Field Off Field ON
h2_LineFilled XY h2_LineFilled XY
— — Entri_esmeFi"ed_X:s—ot::i:a 'g' - h2_LineFilled_XY_bkgrm
E. 0.4 :_ - ot O, 2 - Entries 21569865672
P - o o > - Mean x -0.04298
035 : Std Dev x 0.03614 1 5 :_ ':t:a::v ) 2‘2::
03 f— 1 :_ Std Dev y 0.4097
0-25 0.5
0.2 ' -
| . 0__
0.15F -
0.05[ 1C
o -
- 151
-0'05__I|llll|llllllllllllll|llllIllllllllllllllllllllll It|||||||||||||||||||||||||||||||||||||||
-0.25 -0.2 -0.15 -0.1 -0.05 0O 0.05 0.1 0.15 0.2 2 15 -1 -0.5 0 0.5 1 1.5
X [cm] X [cm]

This method still works though the structure is quite different

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 12



Issue spot in intt_setting table

Spotted by Hao-Ren
Somehow the physics run 80125, is not listed in the INTT database

dag=> select * from intt_setting where runnumber > 80000;
runnumber | n_collisions | open_time readout_mode | dac@

. . . EA- streaming

Message ID: 1656 Entry time: Tue Dec 23 20:54:50 2025 streaming
Author: Hanpu Jiang streaming
streaming

Subject: 12/23 evening shift streaming
streaming

Run: streaming
streaming

Run Number|Run Type|Reason for Stop |Duration [min]|Notes streaming
. " streaming

80118 Cosmic |Reach 1 hour 60 min PR 5
80119 Cosmic |[Reach 1 hour 59 min streaming
: T . . streaming

80120 Cosmic |Beam injection 45 min streaming
80123 Physics [To include TPC 11 min streaming
streaming

80125 Physics |SEBO5 busy 31 min streaming
80126 Physics |Reach 1 hour 60 min iiﬂiﬁﬂlﬂg
80127 Physics |Handle to owl shift streaming

streaming
streaming
streaming
streaming
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InttDacMap.cpp

* This is the module for assigning the INTT hit DAC values
- From adcO - adc’ to thresholds we set to the comparators

* We kept all adc settings in the sPHENIX PSQL DB (intt_setting)

* Currently, the InttDacMap.cpp module reads the table from CDB file, which is outdated
- There are only three DAC maps in the sPHENIX CDB file system

* \WWe need to come up with a way to have the correct DAC values assigned to the INTT hits
- We either update the CDB files or
- We load the values from PSQL database

In the sSPHENIX CDB file system

[ecie9969@sphnxuser®8 cdb]$ 1s INTT_DACMAP/*/*/*
INTT_DACMAP/@5/2b/052bc59ac86636e7ee2310c636a0218e_CDBTTree_INTT_DACMAP_2024.root

INTT_DACMAP/fb/c5/fbc57b510a51212c46c98bbcef0219f8_CDBTTree_INTT_DACMAP.root

The dinamic of the threshold settings in INTT lifetime

adcO
triggered 30 class InttDacMap
{
Run24 PP streaming 35 public:
_ InttDacMap();
AuAu trlggered 39 — virtual ~InttDacMap() {}
AUuAu triggered 30/25 (357) | | | |
_ virtual int LoadFromCDB(std::string const& calibname);
trlggel’ed 307 virtual int LoadFromFile(std::string const& filename);
Run25 pp Streaming 35 virtual int WriteToFile(std::string const& filename);
triggered 30
00 o
streaming 35
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Rl A— -0

* The algorithm for determining the correlation between Ad and inner cluster ¢ has been
developed for the field ON data. Now the INTT-standalone beam spot search algorithm is
back in operation

 But the new method requires 10 times more statistics, but that is ok

* We would have to update the codes for the INTT hit DAC assignment

INTT meeting Cheng-Wei Shih (NCU, Taiwan) 15






Beam spot identification - Quadrant method

Limited by INTT geometry, per-event vertex XY reconstruction is challenging
The stable beam spot O(0.1 mm) enables the average vertex XY reconstruction

 Approach 1: Quadrant method

* Procedures:

1. Define search window (true vertex covered)
2. In each iteration, test 4 corners

3. Move search window to the quadrant whose
corner is closer to true beam spot

4. Repeat the procedures 2 and 3
5. True beam spot is confined in a tiny window

after iterations

INTT meeting

Cheng-Wei Shih (NCU, Taiwan)

True beam spot

Search window: 0.8 cm x 0.8 cm

O
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Beam spot identification - Quadrant method gg&'9

Two correlation plots for each corner
1. Ad as a function of inner cluster ¢
2. DCA as a function of inner cluster ¢

SPHENIX Simulation
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In iteration
SPHENIX Simulation
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The correlations post having the
best estimation of the beam spot

SPHENIX Simulation
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Inner cluster ® [radian]
SPHENIX Simulation

Inner cluster @ [radian]
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Beam spot identification - Quadrant method

* |f the given vertex XY is getting closer to the true beam spot, correlations of Ad - inner

(1) and DCA - inner ¢(2) become flat
- Correlation shape quantified by Polynomial-0 fit

- [wo quantity candidates: reduced )(2 and fit error

PolO fit fit error [mm]
o
O N O
\®) 6] W

o
A
9]

O
—h

0.05f

PolO fit error is more sensitive in the region that the correlation shape is closer to the horizontal line
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PolO fit reduced
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