Checks of the ToF-dEdx in 10" reduction

General remark: It seems there is some strangéepnatf the “ToFTrack” class in freduction. What we have:
1) The raw ADC values in the TOFPMT class, youdgethem doing a loop like:

for (Int_t ipmt=0; ipmt<pam_event->GetToFLevel 2()->npmit() ; ipmt++){
ToFPMT *tofpmt = pam_event->GetToF Level 2()-> Get ToFPMT(ipmt);
ipm = tofpmt->pnt_id,;

adcraw[ipm] = tofpmt->adc ; // raw ADC values

2) The ToFTrkVar class: ToFTrkVar* toftrack =rpmack->GetToFTrack();
You derive the dEdx for each PMT doing a loop like

for (Int_t ipmt=0; ipmt<toftrack->npmtadc; ipmt++){
Int_t pmtadc = toftrack->pmtadc]ipmt] ;
Float_t dEdx = toftrack->dedx[ipmt];

In the 10" reduction | found problems with this ToFTrkVarss$a As a check | looked at the paddle penetratetien
track using “GetpaddleldOfTrack”:

for (Int_t ilay=0; ilay<6; ilay++)
paddleidoftrack[ilay] = pam_event->GetToFLevel 2()-> GetPaddlel dOfTrack(xviilay] , yv[ilay], ilay, 0.0) ;

In each of the hitted paddles | checked the raw AfalDes from the TOFPMT class. If the ADC value Wgmod” (less
than 4095), this means the PMT had seen somethingit should show up in the ToFTrkVar class.

If this is NOT the case, | flag the PMT. Selectaither protons or helium and then plotting eachTHMg vs. the time
for the 18" reduction:
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So here in the proton selection there are PMTslkel8, 28 which are missing quite often, but sgrariods are not as
bad as others... In th& @eduction this picture looked totally differenthere the rate of missed PMTs was practically the
same for all PMTs. In 2013 the picture looks likes
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| did NOT debug DarthVader to find out the diffeces in the code betweefi and 18 reduction, for my patch | will use
“GetpaddleldOfTrack” to define the hitted paddlelaake the raw ADC values from the TOFPMT class)



Calculation of the ToF dEdx in the 10" reduction

The calculation of the dEdx is done in /DarthVatleFLevel2/src/ToFLevel2.cpp

where a “ToFdEdX” class is defined. Most of thedtimns are exactly the same as in Tlie-NaNuclei package. |
recommend to look again in Rita Carbone’s talkss@d some of the figures to explain the methods):
http://pamela.roma2.infn.it/technical-docs/18th_EBEmsw_meeting/Carbone-nuclei-18th_ SWMeeting.ppt
http://pamela.roma2.infn.it/technical-docs/19th_BEmsw_meeting/Carbone Nuclei_ToFCal_Lindau2009.ppt

In /DarthVader/ToFLevel2/src/ToFCore.cpp thera tall to “tofdedx->Process” and then the dEdxigalare filled
into the data.

How the calculation of the dEdx works:

In the very first step the raw ADC value is coneedrto charge in picoCoulomb using a calibratiorcfiom derived by
Napoli.
The incident angle is calculated from the trackifomss in S11 and S32 and is taken constant incatitillator layers.

Now thefirst step: Attenuation in the paddle
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Here the attenuation is a "pol5" fit derived folivistic helium events, while | use a double expuatied fit for the ToF
timing routines.
As an example the fits for PMT S11B2 for july 208%ta's fit in blue, mine in red:
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The “pol5” is better to describe the variationshie paddle, but often has oscillations at the etigesn this case.




In the ToFNaNuclei pacckage there was only onea#ion used for the whold'8eduction period, now these
attenuation fits are done in time intervals: Fromdnth intervals in the beginning to 3 - 4 morith2014. The function
"ReadParAtt" reads the text files with the paramseté the fit.

HV-failure periods. The periods with HV-failures are put in the dasd with the failure times of the specific
connectors (hardcoded in ToFNaNuclei): In this@eall four PMTs of the connector are treated \&ittorrection factor.

Snippet of the code in ToFLeveghp.c

Double_t correction = 1.;

Time dependence: “bad periods”

ALL periods of temporary loss of gain for ALL ifaconn==1 && (1i==0 || 19==20 || i1==22 || 1i==24)){
PMTs checked: correction = 1.675;
; ¥
else if(Bconn==l &% Cii==f || §i==12 || 19==26 || 1i==342)(
correction = 2.482;

1 We need only ONE scaling factor to be applied 1
to ALL the PMTs connected to the same HV else if(Cconn==1 && (ii=9¢ || ii==14 || 11==28 || 11==32)){

connector for ALL the “bad periods” ; EIAESEIET = ks

1 Such scaling factor (to be multiplied by the else if(Dconn==1 && (ii==7 || {i==8 || ii==10 || ii==30){
attenuation curve) can be applied “a priori” 3 correction = 1.995;
everytime we know we had a loss of gain due to else iF(Econnecl && Ciied2 || 112243 || iie=dd || 11224731
HV failure correction = 1.273;

1

else if(Fconn==1 & (ii==7 || ii==19 || 1i==23 || i1i==2722{
correction = 1.565;

.

| found that a period in 2006 was missing in thadase. (In my analysis for a patch | found somd& &Mhich did not
behave like the others for this connector, but nedanges to the original code only in one case).

Next step: Correction for nonlinearity of the PMT

f a clean sample of
[ ts (3=0.85)
whose Z is identified inside 10
by calorimeter

plot (lower plot) of
measured charge value (ADC
¢ in pC and corrected
for the incidence angle) vs

expected one, which is the
point on the curve (higher plot)
associated to Z, from calo, and
position, from Tracker,
measured for such event

Eit of the trend with a pol2
function

The function "ReadParPos" reads the file "deasittm_position.txt" which contains parameters"fml3" functions for
each PMT. Parameters are exactly the same as iNalbkclei.

Here an example: goooz //
X-axis is "adccorr" which is the 1900 /
raw charge in pC corrected with 800 y
cos(theta), the y-axis is the value of e /
the function "f_pos". 700 //
One sees the nonlinear behaviour 600= V4
of the PMT: 500 //
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Next step:

Definition of a first preliminary dEdx using thelua of the "f_pos" function above, the value of #tenuation function
according to the position in the paddle, and tleatesi to 4 mip (dEdx = 4.*f_pos/attenuation), tadue is called
“adclin”

This is in principle the same method | use to Jetegluction-dEdx, since at low light yield the vahfethe nonlinearity
function "f_pos" is the same as the PMT signal.

Next step:
If thgfe is no beta, the value of “adclin” is usedthe dEdx for this PMT, and the further calcoladiarenot done:

it ( hetamean > 99. >{
Iy eDEDxpmt. addat((Float_tladclin,ii);
eDEDXpmE-=Addat(Float_thadclin, ii);
Iy printf(" AAPMT IS %i dedx is %f wector is %F \n",ii,adclin,eDEDxpmt[ii]);
if ¢ debug ) printfd" %1 betamean > 99 wn",11);
continue;

5
[

This is a bug, since for the next steps of the d&adgulations the beta is NOT needed! The hbetmneeded in
ToFNaNuclei to calculate the charge:

= 100
For each PMT there is a curve “f_BB" if beta<l (see § \
red curve on the right) plus fix value for beta > 1 5' %0 \
(blue dot on the right) 80
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In the next step there is another correction duetdinearity (plot on upper right)

(higher plot on the right)



In the function “ReadParDesatBB” the file “degation_beta.txt" is read, it contains parameteraftpol2” fit for each
PMT (exactly the same as in ToFNaNuclei). The inptiadclin” (so “x” is in dEdx) and the outputtisen a corrected
dEdx value.

Typical “f_desatBB” function: Example PMT #11, tdifgure x-axis from 0 - 100, right figure x-axim 0 -10
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In my understanding this is a nonlinearity for hafedx due to further detector effects like Birkatugation of the
scintillator etc.. For this PMT the behaviour fonal “adclin” is quite linear as one would expect.

However, some PMTs have a big offset at low dEdues for example PMT #15:
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So if “adclin” is for example “1”, the correctedlua would be ca. 1.5

If one selects protons and looks at the respohB&13 #15 vs time, one sees a double band structure
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If one selects only good beta, only the upper smdives, because in this case always the “f_d&diBction is used.
As said before, if beta is not good, the code isrexand the simple “adclin” is used as a dEdx.

In principle the calculation of the dEdx for thiMP is finished now. If one plots the dEdx for ed@KMTs vs time for
protons or helium (or carbon), one will see if/hth& dEdx varies a little bit with the time. AlsetdEdx values will be
probably be not exactly at 1 mip for protons orig for helium.



Therefore next step is a second order correctioa:text file the mean values for protons and helior each PMT are
stored for each day. For the"@duction there are two “biscale” files with vasufer protons and helium, here the
snippet from the database:

biscale_tofdedx_x10thred.txt",1,1364790400,203,F @&/dx Il order correction parameters - Rita"
biscale_tofdedx_x10thred_corrected2014.txt",13640901294967295,203," ToF dE/dx Il order correcfi@nameters - EM

Plotting the values for PMT #1 vs. time, black dakslium, red dots protons:
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To me it seems that there was a change in the ehédhaerive the correction values in spring 2011 then again a
change when Emiliano did the correction in april20

In any case, with the values for protons and heliwma can derive the intercept and slope of a lifgastion (setting
protons to 1 MIP and Helium to 4 MIP), then theafidEdx value is: dEdx = inter + slope * dEdX_arder

Snippet of the code in ToFCore.cpp:

t_tof->dedx.AddAt((inter_dedx[ pmt_id] +slope_dedx] pmt_id] * tofdedx->GetdEdx_pmt(pmt_id)),t_tof->npmtadc);// RC
new dE/dx Il order correction

The time intervals are constant “one day” for Ritrrection and then for Emiliano’s values —netclto me why- some
variations:
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For a Com parlson I ShOW the tlme intervals 21/06/2??]@ 27/01/2008 03/09/2009 12/04/2011 17M11/2012 25/06/2014 01/02/2016
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While PMT 1 looked more or less reasonable, afl&t\Ts show a strange behaviour:

For example PMT #9: In the beginning of the flightiks quite OK, but at the end....
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This second order correction has serious effectthd next plot on the left side there are thelte$or PMT #9 in 2014
without the second order correction, on the right siitd the second oder correction. From top to bottonoms
helium, and carbon.
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As one can see, the results without the secona oadeection look quite OK, while on the right sidgpecially the
protons look very bad, with huge fluctuations, sgradaods where the protons are missing at all..

If I run the first order procedures explained abfy&ng time intervals as in my "ToFPatch" shown\a) and then do
the 2 order correction by myself, | get the followinguits (blue and green points):
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Why the current 10th-reduction correction shows Bghaviour | cannot say since | don't know howctyd was done...
It would be normal to have always a systematifediéhce between the two corrections (look at thieitmeup to 2009 in
the upper figure) since the selection criteriapgiatons and helium might differ (I select eventghwigidities > 2 GV)

Another example:
PMT #29: For thelOth red a sharp step in sprin@28ftd a double band structure for protons andimedit the end:
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For this PMT in 2014 the results without the cotigton the left and with correction on the right:
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Also here the second order correction makes thiayse especially for protons...

The correction for this PMT looks quite OK (no ‘i3$8 or double bands) in my analysis:
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Practically all PMTs look —at least more or lessrse after the correction than before.. A last glanPMT #17 in 2014:
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Also here the comparison of the second order auirore
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As a summary the “biscale” corrections for the entrld red all 48 PMTs in one plot:
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(I do some special treatment to PMTS 15 & 16 wiinake very low statistics after 2009, and also th@ RO is treated
specially after its failure 2006)



Sowhat | did after these findings:
| started to write a “patch” similar to the “ToFElt package, for the moment named “ToFdEdx_patchsed parts of
the "ToFPatch" code and then inserted parts oftbhéLevel2" and some lines of the "ToFCore" coddnatds does:

1. Initialize:

It reads the attenuation files (the appropriateetintervals and names are taken from the datahasety stored in a text
file)

The other calibration files are read, they aredvidi the whole flighttime as for the 10th reduatio

A second order correction text file is read (10&tetintervals up to september 2014)

2. Process:

It checks

a) the time interval for the attenuation correctiiée

b) time interval limits for 2nd order correction

c) if we are in a HV-failure period (time limitahdcoded)

If we have a track, we calculate theta angle amyel¢he hitted paddles.
We loop over the PMTs and if a PMT is inside aglitpaddle, we proceed like explained above:
First attenuation correction, then “desaturatianidtion, then “f_desatBB” function.

My changes:
» To derive the dEdx, beta is not neccessary. Souhen beta is deleted. If we want to derive thargh, then we
need beta, but only then.

 The “f_desatBB” correction which causes a doubledmstructure for some PMTSs:

. . : 1
In my understanding this offset from zero for snedx is 2 U; //
due to a bad fit and not physical: One mip shogaie mip... @ 9 V4
Only a few PMTs have this strange fitcurve. PY: //
As a workaround | calculate the fit value at adeli and TE /
then draw a line starting at zero to this poing e blue F //
. . . . . . . . 6_
line in the right figure (the red line is the ongi curve): g /
B Wi
5
As said, this workaround is done only for a smalnber of af //
PMTs. : Yy
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g /7
Zf //
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For example, the double band structure for proto®MT #15 is gone now:
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In the following figures | compare the output of gFdEdx_patch (with my"2order correction) with the dEdx of the
10" reduction: On the left side there is the ToFdEdckp, on the right side the l@eduction.

In the top row there are the raw ADC signals fdiume, in the second row the dEdx for protons, ttrendEdx for
helium and the dEdx for carbon.



Some examples from 2006:

The problem of the zeroes for protons |s now muetteb... example PMT #23

Comment: It is still not clear to me what is thagen for these large number of zeroes for prototise 10th reduction.
In "ToFCore" there is some check if the paddle hitted, so | would expect to see signals, strange..
The second order correction for this PMT in 200gkkreasonable.

Since the results for my ToFdEdx_patch were gute,n did NOT spend more time try to run DarthViaded debug the
original code...

Example PMT #18: Strange results for protons ifi rtE@luction, just fine with my patch

PMT #10 looked very strange in"l6eduction after the failure, with my patch it stsome low efficiency for helium
and should be OK for higher charges:




Due to the “biscale” second order correction thekgdor protons and helium should be centered Bxati and 4
respectively. The next figure shows the mean vdioregrotons, helium and carbon for each PMT (6saxi

Left my patch 2006:
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Right: f®@eduction 2006
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Here the results of the #@eduction do not look so bad (except for PMTs #4& for example). Later in the mission the
problems got worse... You can also check page§ #®Mm my talk

http://pamela.roma2.infn.it/technical-docs/9th_Pkmeoll_meeting/Wed30/Menn_ToF_dedx_10th_Problepts.p

Example PMT #9 in 2013:
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PMT #29 in 2013:
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Compared to 10th reduction all PMTs show now a duefthviour. As explained before, in my understamdire most
important reason for the strange behaviour in @feréduction is the second order correction.

Summary of the peaks of p, He, C for each PMT:

Left: my patch 2013: Right: $@eduction 2013
x X
o ‘ = .
w [} ) [} .t g8 P ul . .. v . 0t® e “ae ®etsey 0% t,0
T CEE R AL R AT R LA S LA DA 14 Py e b - © e ete R i -
10 [ e Protons ® Helium ¢ Carbon i 10 [ & Protons ® _Helium ® Carbon

» * . .o e "o ee * e - ., w

0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
PM PM

Now the improvement is clearly visible for practigall PMTs. As it can be seen on the left pthtg to the biscale
method protons and helium peak exactly at 1 arebdectively, but the carbon peaks at 36 onlyafdbtector behaves
absolutely linear, which is the case for some PMég, Rita’s Lindau talk:

All corrections for time dependence showed before
can be directly applied also to dE/dx ause
after this calibration procedure Z2 js linear
respect to dE/dx

E
=
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In my data the carbon (rigidity > 2 GV) peaks abD+dr a lot of PMTSs, so there seems to be somelinearity. In
principle one could use the values of the pealgatbns, helium and carbon to define some nonlifigastion for the
correction:

As a first solution | fitted the carbon distributi¢right now for intervals of one year, could benddn smaller intervals)
and saved all the values in a new "triscale" seavddr file.

- =601
In the patch routine | have now the peaks for prsto 8
helium and carbon, and can calculate —for exangle- 2 s0f
"pol2" to fit to the theoretical values 1,4 and @6,it =0 P
can be seen on the right figure: a0/ e
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As an example this is the results for PMT #18 i6&0sing the "triscale" calibration (protons, helicarbon)
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So now the carbon is set to 36 as expected. THes ff@aall PMTs in 2006 using the "triscale" method
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As said above, right now | have only one valuectmbon for each year, one could do finer intervéilsugh at the end of
the flight statistics for some PMTs will be verylo

Remark: | have NOT tested right now how this “pat®trection works on the other charges beside Z=ha 6. It is
reasonable to assume that Z=3,4,5 are OK, butxEmmple oxygen could have an offset. This would rtedak tested.

How torun the software:
Insert in your usual analysis script:

#include </insert_your_path/ToFdEdx_patch/inc/ToéxiEpatch.h>
const char* alg = "STD"; // or "EXT" "STD" "EXTF"NUC" "NUCEXT" "NUCEXTF"

/I TRI gives tri-scale calibration using H,He, a@dpeaks // Bl gives bi-scale using H and He peaks
/I see manual for details
const char* tri_or_bi = "TRI";

PamLevel2* event = new PamLevel2(dir filelist,"dAO"); /I << create pamela event

/I Create and initialize ToFdEdx_patch

ToFdEdx_patch *tdedx = new ToFdEdx_patch();
tdedx->InitPar("/insert_your_path/ToFdEdx_patch/@earam/","simu"); // for simu data
/ltdedx->InitPar("/insert_your_path/ToFdEdx_patché@Param/","flight"); // for flight data

I/l 'in the event loop

tdedx->Process(event,alg,tri_or_bi);
/[ the dEdx for the 6 ToF layers:
for (Int_t ii=0; ii<6; ii++) dedx_tof_pl_patchl[iif tdedx->GetdEdx_layer(ii);
Il each PMT
for (Int_t ipmt=0; ipmt<48; ipmt++) dedx_tof patcomt[ipmt] = tdedx->GetdEdx_pmt(ipmt);



