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FNAL beam test information &
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 FIT & U.Va operated 10 triple-GEM detectors in Oct. 2013 at Fermilab
Test Beam Facility (FTBF), 4 of them worked as reference detectors
(trackers). All detectors worked in Ar:CO,(70/30) gas.

« All data were taken with 32GeV/c mixed hadrons (p,7,K).
e One CMS GE1/1-1ll GEM detector was tested In this beam test. 8 APVs

were read out one time ‘ﬁ
(LAPV/sector). E# '@ Ao

* Forthe CMS GEM detector,
We did HV scan in the middle-
sector 5, and position scan for
the entire chamber (except
sector 1) (we scanned along
three lines: the lower, middle
and upper lines).
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A quick look at @%
the GEM foils & the chamber
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Detector arrangement in the beam test @%
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CMS GEM
REF2 REF3 UVA3 REF1
Beam
Z axis
Trackerl Tracker2 Tracker3 Tracker4
1143.5 2011.5 2686 Distance:
= Unit in mm

3169.5

One more thing to be in mind:

-> the CMS GEM detector has a trapezoidal shape, the (1 dimensional) readout strips
run in radial direction and can measure polar phi-coordinate. We measure hit (we often
say cluster) positions in polar coordinates, so we’'ll transfer Cartesian to polar system for

the trackers in some of the analysis, for instance, resolution studies.
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A quick look at readout strips
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A quick look at the raw data
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EventNe 3 ——> Event number

TWVASE
TVA3SY

1547.859 -9_.32205 104.195 103 208.174 104 830.001 105 505.814
1348.69 22.1233 182.808 182 466.61 183 €74.21ec 184 207.8BazZ
ZEZ01M 1342.62 5.99074 26.3743 27 575,017 26 695.116 25 T2.4907
ZEZOZ25 416.201 5.21063 26 26 4l16.201

EventNb 4

ETAOS 2 405,128 29.28 91.1e56 92 &7.771l6 91 341.357

The contents in each line (except the event number line) are:

(1)detector plane name: “ETA05” means sector 5 in the CMS GEM,;

(2)number of fired strips in this plane;

(3)cluster charge (in ADC counts);

(4)cluster position in mm;

(5)cluster position in strip number;

(6)Groups of strip number i and charge on it, i=1,2,...,n, n is the number in (2).

* Notes: (a) in one event not all detectors have signal due to inefficiency (and some
other reasons like fluctuation, noise, ...); (b) please focus on these planes: REF1X(Y),
REF2X(Y), REF3X(Y), UVA3X(Y) and “ETAOQi"(i=0,1,...,7). a

ETAODS 2 3T70.7060 42.3435 105.264 106 87.835 105 272.856
EEF1X 3 515.867 -18.5821 81.0447 850 106.3582 81 283.868 82 125.608
EEF1Y 3 1226.25 5.14787 140.37 139 79.055%4 140 614.3832 141 532.3&7
EEF2X 3 305.878 3.37365 135.834 135 89.4558 136 127.224 137 75,2983
EEF2Y 3 283.757 89.39132 150.878 150 75.5257 151 138.86 1532 65,3718
EEF3X 2 227.502 -1.258%8 124.35 124 147.864 125 T5.&6377
EEF3Y 3 320.561 4.653757 139.144 138 44.327 13% 185.77 140 30.4638
YVERTI 2 507.993 0 14.757 14 123.421 15 384.572
VALY 3 T43.372 -33.289 475,278 478 62.5527T 479 415.508 480 270.311
VALY 3 432.459 -T7.8331% w6T7.3917 667 125.2581 oed 217.767T o693 B595.431%5
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Select “valid” events N4
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 “Valid” event means an event that creates hits in both trackers and
the CMS GEM detector.

« The “Script_ValidEventSelection.C” script does this work.

-> This script reads in the raw data file, outputs a new text file which
contains the “valid” events that can be studied in further analysis.

-> The cut is basically on the cluster sizes in the detector planes. Cluster
size means number of strips that are fired in an event.

-> Total 9 columns in the new output text file, the first 8 columns are

clusters positions in trackers (both X and Y planes), the last column is
the cluster position in the CMS GEM detector in phi-coordinate (radian).

we’ll go through the script briefly ...



Script_ValidEventSelection.C
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* To run the script:
(11 ”» .
(1)“root -I" in a terminal; -> open ROOT
13 - = = ”, .
(2)".L Script_ValidEventSelection.C”; -> load the script
(3)*main()”. -> execute the function
.
20 using namespace std;
Z21H int main(){ . .
zz t:n:nnst int NN = 15000; //number of total raw events Number Of raw eventS n flle
23 const Double € planeSize = 102; // planeSize for tr:
s //f—— BRaw Text File Hame to be processed
29 fztream fin(". 1. HVscanData CHMSGEM textFormat/Cluster run(l0 HVScan 3800V _32GeV 20131017 0T744am.txt",ios::in):
30 ff—— COutput text file name £
31 f—— file names can be chang
3Z fstrea_rr fout ("Position rund0] eV _ 211 cluster size > 0
33 ffstream foutl ("Position rund 25 013 I want only cluster
34 .fstrearr fout3 ("Position rund - _25;:—-2"_2ZI_E.'_Z"_-fJ_u-‘-]-fJarr._ustr'_p.t:-ct",_cs. .u:_ht_l H I want only cluster
35 ff—— ROOT file to save some distributions, 2D histograms, etoc.
38 TString rootfile = Form ("Histograms run(0l HVScan.root");
170 /f —— set number of hits cut conditions SeIeCtlon CUtS On CIUSter Slzes
171 ﬂool t c.JtN:litsREF2=]-:F}M_5E; if( (NHitsREF2X[i]>0) && (NHitsREF2¥[i]>0) ) {cutWNHitsREF2=kTRUE:},//cout<<"REF2Z trus"<<endl;}
172 :'ool_t cutMHitsREF3=kFALSE; if( (NHitsREF3X[i]>0) && (NHitsREF3¥[i])>0) ) {cutNHitsREF3=kTRUE:}//cout<<"REF3 trus"<<endl;!}
173 Bool t cutMHitsUVA3=KFALSE: if( (NHitsUVA3X[i]>0) && (NHitsUVASY[i]1>0) ) {cutNHitsUVA3I=KTIRUE:}//cout<<"UVA3 trus"<<endl:!}
174 Bool t cutMHitsREF1=kFALSE; if( (NHitsREF1X[i]»0) && (MHitsREF1Y[i]>0) )} {cutNHitsREF1=kTRUE;}//cout<<"REFl true"<<endl;}
175 Bool t cutMHIitCsCMS=kKFALSE;if( NHitsCHSEtas[1i]>0 ) {cutMHitsCHS=KTRUE; !
176
177 ;i —— & walid event should leawve hits on all tracker detector planes
178 qool t trigger=kKFALSE; if (cutMHitsREF2==kTRUE i cutMHitsREF3==KTRUE &£& cutMHitsUVA3==KTRUE £& cutMHitcsREF1l==kTIRUE ) trigger=kKTRUE:
1753 [= if [trlgger] {
130
181 [= if (NHit=CMSEtaS[i]>=1){
182 totalEvents++;
183 if(totalEvents3l00==0) cout<<"total wvalide events: "<<totalEvents<<endl;
124
185 fout<<pREF2X [1i]<<"\t"<<pREF2Y¥ [1i]<<"\t"<<pREF3X[1]<<"\t"<<pREF3Y [1] << "\t "<<pUVASY [1] << "\t "<<pUVA3IY [1] <<\ "
186 <<pREF1¥[i]<<" "\t "<<pREF1Y¥[i]<<"\t"<<pCMSEta5[i]<<endl; Q




Spatial resolution study PE
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« Another “Script_GetResiduals.C” reads in the new text file, fits tracks
and histograms residuals for trackers and the CMS GEM. We’'ll focus
on residual distributions for the CMS GEM.

* The detectors need to be aligned before residuals can be calculated.
We ignore the alignment procedure, the final alignment parameters
are set in this script. (For HV scan, since detectors were not moved,
one group of alignment parameters is OK;, for position scan we’ll have
to do alignment for different positions.)

« In track fitting, we do exclusive and inclusive fits. Exclusive (Inclusive)
means hit position in CMS GEM is excluded (included) when fitting a
track. So we’'ll get both exclusive and inclusive residual distributions.
The residual distributions are fitted with a double Gaussian function
(“Script_doubleGausFit.C"), and the primary sigma (width) in each fit
will be taken as exclusive and inclusive resolutions (0., and a;,).

* Finally we calculate resolution from the geometric mean of the widths:
o = +/o., X 0i,, and error can be simply propagated.




Same way to run this script!

ZEDé]int main() {

o _ _ Set file name(s), and event number(s).
252 string name[l]={

253 "Pozition runl00l HVS5can UVa3g800 25GeV 20131014 344am Allstrip"”
254 P

355 const int evtNb[ifi={3283};

25&

2574 for(int iterNbX=0;iterNbX<l;iterNbX++)

258 {

2589 tracking (name [iterNbX] ,evtHb[iterHNbX]) ;

2g0 )

Zel L return O;

2el }
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Change “ Residuals_Inclusive.root” to “ Residuals_Exclusive.root” If calculate exclusive residual,

138 string cutputrootname=thestring+" HResiduals Inclusive.root";
139 TFile® £ = nmew TFile (outputrootname.c sStr (), "recreate’);

L33
196 //fill track in phi direction, exclusive 158 S /i1l track in phi direction, exclusive
197 TGraph* g2 = new TGraph(): 157 TGraph* g2 = new TGraphi():
198 g2->SetPoint (0,0, phiBEFZ) ; 158 g2->5etPoint (0,0, phiREF2) ;
199 gZ2->S5etPoint (1,1143.5, phiREF3) ; 199 g2->8etPoint (1,1143.5,phiREF3) ;
200 g2->SetPoint(2,2011.5,phiftask) ; 200 S fg2->5etPoint (2,2011.5,phiEtal) ;
701 g2->5etPoint (3,2686.5, philUVA3) ; 201 g2—->5etPolint (2,2626.5, phiUVAZ) ;
202 g2->5etPoint (4,3169.5, phiREF1) ; 202 g2—->5etPoint (3,3169.5, phiREFL) ;
203 g2-»GetXaxis () ->»5etRangelUser (-1000,3300)
204 TF1* £2 = new TF1l("line2","poll™,0,3200)

For Inclusive track fit, please make sure the lines 196—204 are the same as on the left,

for exclusive track fit, please change those lines accordingly to the right.
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Practice with &2,
the ValidEventSelection script
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-> Within the HV scan data (10 files), use any one file;

-> Select events that has size >= 1 in all tracker planes, and also >=1 in
the CMS GEM,;

-> Note that we can also study the clusters that have a certain size, eqg.,
2-strip clusters.

-> Check the output text file;

-> Also a root file is output, some histograms are stored in it. It'll also be
Interesting to check them.
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Practice with 2
the GetResiduals script By

-> Use one newly output text files, run the script with “Exclusive” mode
and “Inclusive” mode,

-> then read residual widths of both, and calculate geometric mean for
the resolution

-> do the same thing for all HV points.

Let’s go ......
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Summary pee
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Resolutions at different HV points can be analyzed with the two
scripts.

The first script is actually can be used to do some other analyses:
(1) cluster charge distribution; (2) detection efficiencies; (3) cluster
sizes characters; etc... please implement them if you are
Interested!

Thanks!
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10
11
12
13
14
16
17
18
19

2900
2950
3000
3050
3100
3200
3250
3300
3350

167.8
170.5
166.3
156.8
152.1
140.9
137.9
144

142.6

2.1

1.8
1.6
1.5
1.3
1.3

1.4

133.8
135.8
132

125.1
120.2
112.2
110.7
114.6
114

1.7
1.6

1.3
1.2
1.0
1.0
1.1

Geo.
Mean

149.8
152.2
148.2
140.1
135.2
125.7
123.6
128.5
127.5

2.7
2.5
1.9
2.0
1.9
1.6
1.6
1.5
1.7
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