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SHMS Detector Stack

Particle Detectors inside the SHMS

e Drift Chambers are
tracking detectors

o

e Calibration is necessary for
high precision particle track
reconstruction
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e C(Calibration involves the
conversion of drift times to
drift distances to obtain
accurate track position
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SHMS Drift Chamber Planes
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How Does Tracking Work?

e Passage of the particle ionizes gas
inside chamber

e Electrons from the gas drift towards
the sense wire

e Drift times measured by TDC

e Calibration creates a lookup table
used to convert drift times to drift
distances

e Drift distance represents how far
was the track from the sense wire
that fired

e A collection of sense wire hits (stubs)
are the fitted in each chamber and
the best chi2-fit is chosen as best
track.
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How Does Tracking Work?

Particle Track

Passage of the particle ionizes gas
inside chamber

Electrons from the gas drift towards
the sense wire

Drift times measured by TDC
Calibration creates a lookup table
used to convert drift times to drift
distances

Drift distance represents how far
was the track from the sense wire
that fired

A collection of sense wire hits (stubs)
are the fitted in each chamber and
the best chi2-fit is chosen as best
track.




Interactive Session Begins ...

Directory structure

* hallc_replay/CALIBRATION/shms_dc_calib/run_Cal.C (steering code)
* hallc_replay/CALIBRATION/shms_dc_calib/scripts (calibration codes)
* hallc_replay/CALIBRATION/shms_dc_calib/root_files (produced by calib.)

* hallc_replay/CALIBRATION/shms_dc_calib/data_files (produced by calib.)



Running the code

1. First set the parameter 'p_using_tzero_per_wire = O' in the parameter file located at:
hallc_replay/PARAM/SHMS/DC/pdc.param
2. Replay the data to produce the uncalibrated root file to be used as input in the
Calibration
From the hallc_replay execute: ./hcana SCRIPTS/SHMS/replay_shms.C

3. Run the calibration script with the newly produced root file as input. The script is located
at:

hallc_replay/CALIBRATION/shms_dc_calib/
From this directory,type:

>> root -l run_Cal.C



Running the code ...Continued

Once you run run_Cal.C, you will be asked to input:
Replay root file name (without the .root extension): ex. shms_replay_488_500000
The run number: ex. 488

The number of events to be calibrated: ex. 100000

Due to limited time, use 200,000 events for the
calibration.



While you wait ...Brief Description of Calibration Scripts

The steering script (run_Cal.C) runs a series of scripts that work together to perform the
calibration.

The scripts are located in: hallc_replay/CALIBRATION/shms_dc_calib/scripts
The scripts are executed by the steering script in the following order:

get_pdc_time_histo.C

wire_drift_times.C, wire_drift_times.h (using "Make Class")
get_wire_tzero.C

get_tzero_per_wire_param.C
get_pdc_time_histo_tzero_corrected_v2.C
get_LookUp_Values.C

oooooo

In the following slides, we will go over the output of each script mentioned above.



O get_pdc_time_histo.C
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Output:
‘shms_dc_time_run#.root'

- -contains re-binned per-plane
drift time histograms



Qd wire_drift_times.C, wire_drift_times.h

SHMS Drift Chamber 2, V'-Plane
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Outputs root_file:
'shms_DC_plane_run#_wire_histos.root"

-- contains a 2-D histo of "drift time vs.
Wire Number" and drift time spectra for
all wires in the plane

= Drift time spectra for wires 25-49 (107

wires in total for the V'-Plane)



QO get_wire_tzero.C - outputs root._file:
— shms_DC_plane_run#_fitted_histos.root'

-- contains line-fitted wire drift time
histos. The extrapolation of the fit
=3 to the x-axis is defined as "tzero"
and represents the time at which the
1 electron has come in contact with the
=3 sense wire. Therefore, the drift time
spectra must be offset to align the
"tzero" with a drift time of zero

&= hanoseconds.




1 get_wire_tzero.C
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1 get_wire_tzero.C The root file
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il 6.50302
1 get_tzero_per_wire_param.C 8. 53851
2.42707
-0.,735195
Bl 3.86729

tzero values for all | 10.6923

11.4232

wires in all planes 6.03747

tzero parameter file

#PLANE: 1x1
-2.08341
. 33405
. 517368
. 55537
. 49482
. 6453

. 75394
. 15633
.B3025
27729
27313
6192

. 89769

ptzerolxl=
-2.083410, -6.334050,-0,517:68, -4,555370, -2, 494820, - 6. 645300, -4,753940, -4, 156330, - 5. 030250, - 1. 277290, -4,273130, -2, 619200, -4.89769
-0.362800, -1.348630, -1.50°570, -0.979691, -5.175930, -2.711320, -6.583440, 0.342001, -3.726420, -1.435250, -3.586930, -3.008560
3.644280, 4,332490, 1.69621c 3.282920, -0.570663, 0.779047, -3.292020, -1.403640, -1.495950, -1.024850, -1.174890, -0.508101, 0.
3.765730, 5.880040, 3.097110, 6.110700, 2.548670, 5.070080, 3.606560, 3.125850, 0.506240, 0.381332, -0.412722, -2.608090, 3.50294
7.551650, 10.223100, 10,562300, 9.351850, 12,531600, 10.038500, 11.575000, 13.562700, 12.472100, 11.083600, 10.421800, 9.943190,
ptzerolx2=
7.458130,6.103970,6.436910, 5.728030, 6. 165970, - 12. 655200, - 0.698608, 3. 143440, 1.601860, 5.054300, 2. 893790, 4. 333240, -0.263969, 2.7702
2.656270, 3.481030, 4.879270, -0.474842, 0.433037, 0.727391, 0.656771, 0.760375, -0.364166, 0.021527, 1.742910, 4.996630, 1.44228
-0.151673, -0.113786, -0.400826, -0.108557, -5.716800, -5.956750, -5.732460, -3.882310, -4.182060, -4.824600, -4.635120, -0.64225
2.567230, -1.043700, 0.092308, -0.869756, 2.144970, 1.097700, -1.192440, -1.476180, -3.049670, -3.142550, -3.743190, -3.705180, -
4,732550, 1,383380, 3.218990, 4.804210, 6.512430, 5.071960, 3.061430, 6.120100, 6.050210, 5.309160, 0.643842, 2.771780, 2.896540,§ -©.895785
ptzerolvl= - tzero values_per wire.dat
0.000000,0.000000,0.000000,0.000000,0,000000,0,000000,0,000000,0. 000000, 5.835570, -3.454550, -13,842300, -12,272700, -5.481730, 8.85!LJET7JETQLLUde R RERLT
B.58542@, 1.464130, -4.364040, 1.552750, -21.295100, 4.457980, 4.188240, 0.603043, 5.332530, 4.067130, 5.048750, 1.214090, 2.006550, 3.301540, -0.393883, -2.783190
-4,820020, 4.203940, 2.082240, 2.503620, -0.098870, 1.142030, 2,334830, 1.825390, 6,224220, 1.766650, 1.818850, 6.969030, 5.243700, 5.653540, 6.030220, 6.672980
7.821950, 8,765280, 8.888650, B8,402840, 6.396130, 7.098470, 7.151940, 8.634050, 10.170200, 7.275760, 9.166670, 8.671820, 8.027550, 7.000740, 9.521940, -3.985520
-1.197200, -5.752700, -2,213260, -3.630620, -3.009000, -5.092100, -1.972010, -1.604550, -3.211510, -2.832110, 0.330095, -1.003200, -6.679720, -1.806610, -0.139122, 1.744

| 2.017190, 1.933840, 1.057470, 3.651070, 3.824650, 5.185970, 5.190360, 5.071200, 3.827130, 7.669320, 0.787015, -0.250000, 3.807500, 0.663964, 8.444000, 0.000000

pdc_tzero per wire run488 NEW.param Top L31  (Fundamental)

' O T
1 [T U N R O T 1 Y N CN i I S I A T ]
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O get_pdc_time_histo_tzero_corrected v2.C

SHMS Drift Chamber 2, V'-Plane Drift Times

--outputs root_file:

t, - Uncorrected
t, - Corrected

5000 'shms_tzero_corr_histo.root’

--contains 'tzero' corrected
per-plane drift times
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This script reads tzero data
file, and applies the
tzero-offset to each plane on
an event by event basis.
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Q get_LookUp_Values.C

i ; Lookup Table: RUN 488

; number of bins in time to distance lookup table
pdrifthins = 275

; number of 1st bin in table in ns

l pdriftlstbin=0

; bin size in ns

pdriftbinsz=1

LookUp values are generated from
tzero-corrected drift times per

pwclulfract=0.0010211,0.00213,0.00345, 0. 00498, 0.00681,0.80913,0.01182,0.01518, 8. 01900, 0.02323, 0. 02795, 0. 03334, 0. 03902, 0. 04521, 0.05188, 0. 05898, 0. 06665, 0. 07458, 0. 08280

,09150,0.
,30103, 0.
51766, 0.
72025, 0.
88062, 0.
,95268, 0.
97566, 0.
98650, 0.
199120, 0.
,99372,0.
,99584, 0.
,99798, 0.
,99979,0.

wclu2fract=0.00092,0.00195,0.00317,0.00468,0.00667,0.00882,0.01136,0.01442,0. 01800, 0.02224, 0. 82690, 0.03202,0.03756, 8. 04367,0.05022, 8. 05738, 0. 06491, 0. 07306, 0. 08149

09065, 0.
.30118,0.
,51651,0.
71466, 0.
87582, 0.
95075, 0.
,97472,0.
,98596, 0.
,99087, 0.
,99346,0.
,99561,0.
,99782,0.
,99980, 0.

wclx1fract=0.00107,0.00226,0.00362, 0.00522,0.00725,0.00973,0.01267,0.01613,0.02001, 0. 02486, 0. 82994, 0. 03544, 0.04152, 0. 04811, 0. 05535, 8. 06299, 0. 07106, 0. 07946, 0. 08873

09812, 0,
312086, 0.
52598, 0.
.72241,0.
\87914,0.
94963, 0.
,97335,0.
,98538, 0.
,99070, 0.
,99348, 0.
,99571,0.
,99788, 0.
,99979,0.

10068, 0.
31197,0.
52817,0.
72949,0,
88670,0.
95437,0.
97636,0.
98684, 0.
99135,0.
99383,0.
99595, 0.
99809, 0.
99985, 0.

09983,0.
31223,0.
52686, 0.
72395,0.
88193,0.
95262,0.
97552,0.
98628, 0.
99105,0.
99358, 0.
99571,0.
99791,0.
99984, 0,

10783,0,
32291,0.
53629,0.
73136,0.
88488, 0.
95142,0.
97420,0.
98584,0.
99085, 0.
99360, 0.
99583,0.
99799,0,
99974,0,

10987,0.
32317,0.
53875,0,
73873,0.
89239,0.
95591,0,
97712,0.
98718,0.
99151,0,
39397,0,
996070,
30822,0.
99988, 0.

10927,0.
32363,0.
53723,0.
73293,0.
88788, 0.
95422,0.
97627,0.
98662, 0.
99120,0,
30368, 0.
99582,0,
30801,0.
99991,0,

11761,0,
33383,0.
54672,0.
74012,0.
890490,
95301,0.
97499,0,
98623,0.
99102,0.
30371,0.
99594,0,
30808, 0.
99980, 0,

11943, 0.
33399,0.
54959,0.
74753,0.
89792,0.
95740,0.
97783,0.
98746,0.
99165,0.
99467,0.
99618, 0.
99833,0.
99991,0.

11905, 0.
33462,0.
54765,0.
74191,0.
89336, 0.
95584,0.
97697,0.
98696, 0.
99135,0.
99376,0.
99593,0.
99815,0.
99995, 0.

12768, 0.
34490,0.
55723, 0.
74917,0.
89579,0.
95454,0.
97583,0.
98657,0.
99120,0.
99385,0.
99605, 0.
99819,0.
99984, 0.

12920,0.
34477,0.
55985, 0,
75642,0.
90309, 0.
95885, 0.
97847,0,
98773,0.
99178,0,
90416, 0.
99628, 0.
90842,0.
99992,0,

12880, 0.
34554,0.
55792,0.
75098, 0.
89878, 0.
95750, 0.
97761,0.
98727,0.
99148,0,
90387,0.
99606, 0.
90826, 0.
99997,0,

13821, 0,
35573,0.
56749,0,
75785,0.
90087,0.
95597,0.
97663, 0.
98658, 0.
99132,0,
90395, 0,
99613, 0.
90827,0.
99987,0,

13917,0.
35573,0.
57046, 0.
76536, 0.
90785, 0.
96024, 0.
97914,0.
98814,0.
99191,0.
99426, 0.
99640, 0.
99853, 0.
99995, 0.

13900, 0.
35646, 0.
56822, 0.
75988, 0.
90397,0.
95901, 0.
97824,0.
98759,0.
99161,0.
99400, 0.
99617,0.
99836, 0.
99998, 0.

14884, 0,
36644, 0.
57808, 0.
76662, 0.
90558, 0.
95749,0.
97738,0.
98721,0.
99148,0.
99405, 0.
99626, 0.
99840, 0.
99989, 0.

14933, 6,
36684, 0.
58050, 0.
77397,0.
91234,0.
96164, 0.
97986, 0.
98841, 0.
99204, 0.
90435, 0,
99648, 0.
99864, 0.
99997,0.

14920, 6.
36718, 0.
57864, 0.
76898, 0.
99855, 0.
96047, 0.
97894, 0.
98790, 0.
99178, 0.
90412,0.
99628, 0.
99848, 0.
99999, 0.

15938, 6,
37739,0.
58806, 0.
77539, 0.
99985, 0.
95881, 0.
97804, 0.
98752,0.
99162, 0.
99415,0,
99636, 0.
99850, 0.
99992, 0,

15940, 0.
37769, 0.
59098, 0.
78266, 0.
91682, 0.
96296, 0.
98045, 0.
98867, 0.
99218, 0.
99445, 0.
99659, 0.
99873, 0.
99998, 0.

15953, 0.
37826, 0.
58870, 0.
77762,0.
91303,0.
96164, 0.
97957,0.
98820, 0.
99192,0.
99422, 0.
99638, 0.
99858, 0.
99999, 0.

17617,0.
38823,0.
59848, 0.
78383, 0.
91390, 0.
96018, 0.
97873,0.
98780, 0.
99176, 0.
99424,0.
99648, 0.
99861, 0.
99995, 0.

16972,0,
38864,0.
60139,0.
79114,0,
92094,0.
96418,0.
98101,0.
98891,0.
99233,0.
99456, 0.
99672,0.
99883, 0.
99998, 0.

17028, 0.
38901,0.
59887,0.
78634,0.
91727,0.
96286, 0.
98018, 0.
98847,0.
99205,0.
99431,0.
99656, 0.
99871,0.
99999, 0,

18074,0,
39882,0.
60854, 0.
79204,0.
91789,0.
96143,0.
97939,0.
98811,0.
99191,0.
99435,0,
99659, 0.
99872,0.
99996, 0.

18072,0.
30944,0,
61180,0,
79957,0.
92464,0,
96535, 0.
98152,0.
98911,0.
99245,0,
30464,0,
99684, 0,
30893,0.
99999, 1,

18092, 0.
39987,0.
60889, 0,
79476, 0.
92122,0,
96406, 0.
98071,0.
98868, 0.
992180,
90442,8,
996670,
30880, 0.
99999, 0,

19160, 0.
40953,0,
61838,0,
80037,0.
92151,0,
396272,0.
98004, 0,
98837,0.
99206, 0.
90443,0,
99670, 0.
30881,0.
99998, 0,

19111,0.
41040,0.
62207,0.
80781,0.
LESCTGR
96655, 0.
98268, 0.
98938, 0.
99261,0.
99475,0.
99695, 0.
99963,0.
00060, 1.

19170, 0.
41062,0.
61892,0.
80279,0.
92486, 0.
96524,0.
98132,0.
98893,0.
99230, 0.
99450,0.
99677,0.
99891,0.
99999, 1.

20229,0.
42029,0.
62811,0.
80848,0.
92493,0.
96381,0.
98062, 0.
98865,0.
99227,0.
99455,0.
99681, 0.
99892,0.
99998, 0.

20212,0,
42121,0.
63233,0.
81593,0.
93126,0.
96764, 0.
98260, 0.
98961, 0.
99273,0,
90487,0.
99705, 0.
99912,0.
00000, 1,

20238,0.
42148,0.
62924,0,
81098,0.
92833,0.
96639, 0.
98184,0,
98912,0.
99242,0,
90463, 0.
99686, 0.
90904, 0.
80000, 1,

21331,0.
43089,0.
63791,0,
81648,0.
92808, 0.
96490, 0.
98114,0,
98891,0.
99237,0.
90466, 6.
99691, 0.
99902, 0.
99999, 0,

21304,0.
43199,0.
64237,0.
82393,0.
93434,0.
96855, 0.
98311,0.
98982, 0.
99288, 0.
99498, 0.
99718, 0.
99920, 0.
00000, 1.

21304,0.
43192,0.
63893, 0.
81908, 0.
93161,0.
96744,0.
98239,0.
98936, 0.
99256, 0.
99474,0.
99698, 0.
99913, 0.
00000, 1.

22450,0.
44156,0.
64768, 0.
82440,0.
93111,0.
96593, 0.
98175,0.
98911,0.
99250, 0.
99480, 0.
99703,0.
99911, 0.
99999, 1.

22395,0.
44279,0.
65224,0.
83147,0.
93720,0.
96944, 0.
98357,0.
99005, 0.
99298, 0.
99507, 0.
99727,0.
99929, 0,
00000, 1,

22423,0.
44266, 0.
64857,0.
82696, 0.
93447,0.
96853, 0.
98288, 0.
98961, 0.
99270, 0.
99484, 0,
99709, 0,
99923, 0,
00000, 1,

23552,0.
45233,0.
65706, 0.
83214,0.
93409, 0,
96695, 0.
98226, 0.
98933, 0.
99263, 0.
99493, 0,
99712,0.
99918, 0.
00000, 1,

23489,0.
45397,0.
66211,0.
83892,0.
93984, 0.
97045, 0.
98407, 0.
99022, 0.
99307,0.
99517, 0.
99738, 0.
99938, 0.
80000, 1.

23532,0.
45354,0.
65822,0.
83431,0.
93736, 0.
96045, 0.
98339, 0.
98982, 0.
99262,0.
99492, 0.
99720,0.
99933, 0.
80000, 1.

24657,0.
46285,0.
66662, 0.
83976, 0.
93677,0.
96799, 0.
98281,0.
98954, 0.
99277,0.
99505, 0.
99722,0.
99926, 0.
80000, 1.

24592,0,
46463,0.
67210,0.
84652,0,
94237,0.
97141,0.
98446, 0.
99041,0.
99318,0.
99527,0.
99749,0,
99946, 0.
00060

24632,0.
46390,0.
66774,0.
84161,0.
93997,0.
97036,0.
98387,0.
98998, 0.
99290, 0.
99562, 0.
99732,0.
99944, 0,
00060

25761,0.
47351,0,
67587,0.
84699,0,
93926,0.
96960, 0.
98329,0.
98974,0.
99287,0.
99515,0.
99729,0.
99933,0,
00060

25677,0.
47530,0.
68214,0,
85378,0.
94469, 0,
97228,0.
98487,0,
30056, 6.
99329,0,
39539, 0,
99760, 0.
399952,0.

25708, 0.
47437,0.
67711,0.
84878,0.
94236,0.
97123,0.
98434,0,
30014,0.
99302,0.
30513,0.
99748,0,
39953, 0,

26851,0.
48404,0,
68513,0,
85401,0.
94165,0,
36996, 0.
98375,0.
98997,0.
99300, 0.
90526, 0.
99741,0,
90942,8,

26799,0.
48599,0.
69167,0.
86063,0.
94692,0.
97319,0.
98539,0.
99072,0.
99340,0.
99549,0.
99770, 0.
99960, 0.

26826, 0.
48492,0.
68667, 0.
85578,0.
94476, 0.
97204,0.
98473,0.
99034,0.
99314,0.
99525,0.
99748, 0.
99961,0.

27962,0.
49462,0.
69481,0.
86075,0.
94374,0.
97089,0.
98416, 0.
99918,0.
99311,0.
99539,0.
99754,0.
99949,0.

27894,0,
49645,0,
79131,0.
86762,0.
94894, 0,
97395,0.
98578, 0.
90087, 0.
99352,0,
90562, 0.
99778,0.
99966, 6.

27922,0.
49586, 0,
69595, 0.
86271,0.
94680, 0.
97286,0.
98511,0,
99050, 6.
99327,0,
90536, 0.
99759, 0,
99967, 0.

29038, 0.
50531,0.
70421,0,
86705,0.
94580, 0,
97177,0.
98461,0.
99035, 0.
99323,0,
90550, 0.
99767,0.
99956, 0.

28986
50724
71074
87419
95086
97477
98617
99103
99362
99573
99786
599974

29018
50627
70540
86936
94893
97377
98555
99068
99335
99549
99770
99974

30107
51564
71325
87330
94786
97254
98500
99053
99334
99561
99779
99964

plane. (previous slide)

These values are calculated on a
bin-by-bin basis for each plane
corrected drift time spectra, and
represent scaling factors that
hcana uses to convert the drift
time to drift distance.




Running the code ...Continued

4. After the calibration is finished, two parameter files are created in
hallc_replay/PARAM/SHMS/DC/

% pdc_tzero_per_wire_run#_NEW .param
% pdriftmap_run#_NEW .param

From the directory mentioned above, copy these files to the parameter
files that will actually be read by hcana as follows:

>> cp pdc_tzero_per_wire_run#_NEW .param pdc_tzero_per_wire.param

>> cp pdriftmap_run#_NEW .param pdriftmap.param



Running the code ...Continued

5. In the parameter file located at:
hallc_replay/PARAM/SHMS/DC/

Open the "pdc.param”, locate the following parameter, and make sure it
reads as follows:

p_using_tzero_per_wire = 1

6. Replay the data with the updated parameters to produce the new
calibrated root files with the corrected drift times and drift
distances.

From hallc_replay directory type:
>> ./hcana SCRIPTS/SHMS/replay_shms.C



Running the code ...Continued

7. Compare the calibrated an uncalibrated root files located at:
hallc_replay/ROOTfiles/

The files generic name will be:
shms_replay_run#_#events.root

shms_replay_run#_#events_dc_uncal.root

HINT: Compare the drift distances, the calibrated drift distances should
be flat.
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