Forward Electromagnetic Calorimeter
Calibration Status

Cole Smith
Nick Compton
Taya Chetry

* Using KPP pions and pizeros to evaluate cosmic muon calibrations

* Future plans
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PCAL energy (GeV)

a) Pions vs. muons
b) Pizero invariant mass
c) Electron E/P

2. What can be done to improve
absolute energy calibration and

T resolution?
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T Vo V6 ) ! ' Name H100
D 300f Entries 22213
Mean 0.162
I RMS 0.064
250 Underflow 5202
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200t amp 135.811/20.4830
% mean 0.131/0.0008
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Lognumber 3455506. Submitted by clasrun on Fri, 02/03/2017 - 23:27. Lognumber 3455511. Submitted by gavalian on Fri, 02/03/2017 - 23:34.
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FADC/FPGA trigger: clusters
identified using Dalitz rule and
energy weighted strip numbers.

ECEngine: clusters
found using geometry
database for strips.

Mean 2.979 Mean 4.962
RMS 1.322 RMS 2.314

10000

T
o
o
o
o
I

0 1 0 1 1
-100 -50 0 50 100 -100 -50 0 50 100f
PCAL Cluster Error {cm) EC Inner Cluster Error {cm)

O Peak: set of contiguous
energy-weighted strips

(no gaps).
Sector 3

() Cluster: Overlap of 3 peaks. PR (2b xyz (-9.91,181.45,694.33) cm
4711 lab peo (181.72,93.13)
sector xyz (162.10,-82.14,694.33) cm

Pixel: Cluster containing only : o sector p (181.72, ~26.87)
3 strips. Used for calibration. |



Sector 2 W Strip 53 PIXEL FIT
T T T

Mean ADC

I Gain and Attenuation
s S Corrections using Cosmics
(ADC |
| ADC CALIBRATION
st : CLAS 6: 10 ch/MeV
% o o i o =0 ] CLAS 12: 150 ch/MeV (PCAL)
: 100 ch/MeV (EC)
LI M*** aw ﬂ J 50 ch/MeV (EC Sector 5)
ki 1#”:!4'#* Jﬂn--qﬂ iy
4 JRAOFAS *‘*"tﬁﬂ-}_ . Fit scaled mean ADC vs pixel distance x
My from end of scintillator strip using 3-

1(‘)0 15’:0 2(‘)0 250 3(;0 350 400 pa ram fu nCtion :

Pixel Distance (cm)
Sector 2V Outer Strip 31 PIXEL FIT
T T T

Mean ADC

Name: A*exp(-x/B)+C M ADC
A 155.162
5 ean

EC Outer w0 = AXxexp(—x/B)+C
- scale
[anc |
ean 2160 | | CCDB/calibration/ec/gain
: 10*MIP/[scale*(A+C)]
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Ml A/(A+C) B C/(A+C)
- il_u!?*i .
-—7.‘7!7‘¢‘*!_‘ .
i 1
§er MIP = 10 MeV (PCAL, EC inner) 16 MeV (EC outer)
. . i . - scale =5 (Sector 5) 10 (other sectors)

Pixel Distance (cm)




ECAL::clusters: Reconstructed Position, Energy and Time

"bank": "ECAL::clusters”,
"group”: 1613,
"info": "reconstructed clusters in ECAL",

"items": |
{"name":"id", "id":1, "type":"intl6", "info":"id of the hit"},
{"name":"status", "id":2, "type":"intl6", "info":"status of the hit"},
{"name": "sector"”, "id":3, "type":"int8", "info":"sector of ECAL"},
{"name":"layer", "id":4, "type":"int8", "info":"Layer of ECAL (1-3:PCAL, 4-6:ECIN, 7-9:ECOUT"},
{"name":"x", "id":5, "type":"float", "info":"X coordinate of the hit"},
{"name":"y", "id":6, "type":"float", "info":"Y coordinate of the hit"},
{"name":"2z", "id":7, "type":"float", "info":"Z coordinate of the hit"},
{"name" : "energy"”, "id":8, "type":"float", "info":"Energy of the hit"},
{"name":"time", "id":9, "type":"float", "info":"Energy of the hit"},
{"name" : "widthu", "id":10, “type":"float", "info":"width of U peak"},
{"name" : "widthv", "id":11, ‘“type":"float", "info":"width of V peak"},
{"name" : "widthw", "id":12, ‘Ttype":"float", "info":"width of W peak"},
{"name":"idu", "id":13, Ttype":"int8", "info":"id of U peak"},
{"name" :"idv", "id":14, T“type":"int8", "info":"id of V peak"},
{"name":"idw", "id":15, ‘type":"int8", "info":"id of W peak"},
{"name" : "coordu”, "id":16, Ttype":"int32", "info":"U coordinate "},
{"name" : "coordv", "id":17, Ttype":"int32", "info":"V coordinate"},
{"name" : "coordw", "id":18, ‘type":"int32", "info":"W coordinate"}

energy: Corrected for PMT gain variations and light attenuation. No S.F. correction.
X,y,z: Lab frame coordinates of clusters
* Spatial distribution of PMT gains (x vs. y normalized to MIP energy)
* Pathlength of MIP tracks
coordU,V,W: Effective coordinate of strip with maximum energy in U,V,W peak.
* Used in FADC/VTP trigger reconstruction banks.
* Allow to evaluate cluster energy dependence on individual PMTs.



Cluster Multiplicity Cut

Rejection of Vertical Cosmic Triggers
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Rejection of cosmic tracks

Tracks which pass cluster multiplicity cut can still
be rejected using track path-length:

pathij=\J(x, = x, +(y,~y,)* +(z,~z,)* i,j=1:PCAL 2:ECin 3: ECout
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Cosmic Triggers: Reconstructed Muons from KPP Run 760

* Passl cooking using CCDB constants from post-KPP cosmic run
* Runs 752-767 used low threshold EC Inner cluster six-sector trigger
* Expected MIP cluster energy in PCAL and EC Inner is 30 MeV.
* Cuton 1 cluster per layer and path12 < 34 cm, path23 < 20 cm (<10% path variation).
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Pion Triggers: Reconstructed Pions Compared to Muons

* |dentical cuts for both
* Expect 30 MeV for PCAL, EC Inner and 48 MeV for EC Outer.
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coordU

Pion Triggers: Reconstructed Cluster Energy vs. PMT with Largest Peak Energy

ECAL::clusters

{"name" : "coordu", "id":16, “type":"int32", "info":"U coordinate "},
{"name" : "coordv", "id":17, “type":"int32", "info":"V coordinate"},
100 {"name" : "coordw", "id":18, type":"int32", "info":"W coordinate”}

Fits to PMT slices

coordU

coordU

§ Clusters Mean/Mip  RMS/Mean Maps
mean 31.667 mean 34,500 mean 30778 | SOF [mean 34692] 4o [mean 32875 B Tmean 37599
sigma 2494| 30F [sigma 3279| 30 |sigme 6285| 4ol [sigma 9409 sigma 6061 | 4oL |sima 14296
H s0F A 1
201 1 30 / 401
I 20t
1 1op - 1 20f
| 10 20 **
00 00 00
50 100 -0 50 100 50 100 -0 50 100 -0 50 100 0 50 100
Sector 2 PCAL (MeV) Sector 2 PCAL (MeV) Sedtor 2 PCAL (MeV) Sector 2 ecinwi Sector 2 ecin w2 Sector 2 ecin w3 Sector 2 ecin wd Sector 2 ecin w5 Sector 2 ecin wb
', 80 T ean 33494 s [Tmean 30722 mean 30763 mean 31187] | [ Tmean 30727 mean 28.563
e 6ol |sioma 11.148 sigma -315191| 10T [sigma 7.241| 9| |sigma 6753 sigma 8.165| 101 |[sigma 9.181
L ] rop ] 1
’ 5k sk 5k
of + st |
] sy | fBws| : LT
“o 50 100 -0 50 100 0 50 100 -0 50 100 -0 0 100 0 50 100
Sector 2 ecin w7 Sector 2 ecin w8 Sector 2 ecin w9 Sector 2 ecin w10 Sector 2 ecin w1 Sector 2 ecin w12
: : 30 30 25
mean 29727] e[| [mean 33923 mean 31750 mean 30663 mean 31442 mean 30749
I [sigma 5986 sigma 7.186| 2°[ |sigma 5947 sigma 6144 sigma  6434| 200 |sigma 8180
20 20
3 | T 15h
5 | 10 1 or
3 sk
! 0 0
0 50 100 0 50 100 0 50 100 0 50 100 0 0 100 0 50 100
Sector 2 ecinw13 Sector 2 ecin w14 Sector 2 ecin w15 Sector 2 ecinw1é Sector 2 ecin w17 Sector 2 ecinw18
30F [mean 30604 " Tmean 30794 mean 31269| o[ [mean 31266] 20 [mean 32931
sigma 8513 30F [sigma 6726] 30 |sigma 6.800 sigma  7.982 ol |5om 7710
7 o
L ] 20 T q
L 20
20 20t
10+ 10 1or 1 10k
Sector 2 ECin (MeV) Sector 2 ECin (MeV) 0 0 0 0
) 50 100 0 50 100 0 50 100 0 50 100 0 50 100 0 50 100
Sector 2 ecin w19 Sector 2 ecin w20 Sector 2 ecin w21 Sector 2 ecin w22 Sector 2 ecin w23 Sector 2 ecin w24
" " [mean 30260 40f [mean 31.145 " Jmean 31687] [ Jmean 32036 mean 30305
sigma 6,558 sigma 6715 307 |sigma 7417 sigma  6625| 40T |sigma 6519
20
10 1
0
0 50 100 -0 50 100 -0 50 100 -0 50 100 -0 50 100 0 50 100
Sector 2 ecin w25 Sector 2 ecin w26 Sector 2 ecin w27 Sector 2 ecin w28 Sector 2 ecin w29 Sector 2 ecin w30
30
40F Tmean 31076 sl [mean 20940 " Tmean 31199 25[ [mean 29.222 " [mean NaN mean NaN
| |sigma 7512 sigma 6881| 40[ lsigma 7033| o |sigma 7248 20 sigma NaN sigma NaN
...... 30 sk 20t
20 1 ok |
10
10 1 sk |
0 At 0 0 0
0 50 100 -0 50 100 -0 50 100 -0 50 100 -0 50 100 0 50 100
Sector 2 ecin w3l Sector 2 ecin w32 Sector 2 ecin w33 Sector 2 ecin w34 Sector 2 ecin w35 Sector 2 ecin w36
: | I
L " I 01
0 20 40 60 80 100 80 100

Sector 2 ECou (MeV) Sector 2 ECou (MeV) Sector 2 ECou (MeV)



"bank”: "ECAL::peaks", New ECAL Banks in Pass 2 Cooking

"group": 1612,
"info": "reconstructed peaks from ECAL",
"items": [

{"name":"id", "id":1, T“type":"intlé6", "info":"id of the hit"},
{"name":"status", "id":2, "type":"intl6", "info":"status of the hit"},
{"name": "sector", "id":3, "type":"int8", "info":"sector of ECAL"},
{"name":"layer", "id":4, "type":"int8", "info":"Layer of ECAL (1-3:PCAL, 4-6:ECIN, 7-9:ECOUT"},
{"name": "energy", "id":5, ‘"type":"float", "info":"Energy of the hit"},
{"name":"time", "id":6, "type":"float", "info":"Time of the hit"},
{"name":"xo0", "id":7, ‘“type":"float", "info":"strip origin X coordinate"},
{"name":"yo", "id":8, ‘"type":"float", "info":"strip origin Y coordinate"},
{"name":"zo0", "id":9, "type":"float", "info":"strip origin Z coordinate"},
{"name": "xe", "id":10, "type":"float", "info":"strip end X coordinate"},
{"name":"ye", "id":11, "type":"float", "info":"strip end Y coordinate"},
{"name":"ze", "id":12, "type":"float", "info":"strip end Z coordinate"},
{"name": "width", "id":13, "type":"float", "info":"width of the peak"}

"bank": "ECAL::hits",

"group": 1611,

"info": "reconstructed hits from ECAL",

"items": [
{"name":"id", "id":1, "type":"intl6", "info":"id of the hit"},
{"name":"status", "id":2, "type":"intl6", "info":"status of the hit"},
{"name": "sector", "id":3, "type":"int8", "info":"sector of ECAL"},
{"name":"layer", "id":4, "type":"int8", "info":"Layer of ECAL (1-3:PCAL, 4-6:ECIN, 7-9:ECOUT"},
{"name":"strip", "id":5, "type":"int8", "info":"Strip number"},
{"name" : "peakid", "id":6, "type":"int8", "info":"Peak id"},
{"name": "energy", "id":7, “"type":"float", "info":"Energy of the hit"},
{"name":"time", "id":8, "type":"float", "info":"Time of the hit"}

1

"bank": "ECAL::calib",

"group": 1614,

"info": "Raw and recon peak energy from ECAL",
"items": [

"name" : "sector", "id":1, "type":"int8", "info":"sector of ECAL"},

{"name":"layer", "id":2, "type":"int8", "info":"Layer of ECAL (1-3:PCAL, 4-6:ECIN, 7-9:ECOUT"},

{"name": "energy", "id":3, "type":"float", "info":"Energy of the hit"},

{"name": "rawkEU", "id":4, "type":"float", "info":"raw U peak energy"},

{"name" : "rawgVv", "id":5, "type":"float", "info":"raw V peak energy"},

{"name": "rawEW", "id":6, "type":"float", "info":"raw W peak energy"},

{"name": "recEU", "id":7, "type":"float", "info":"recon U peak energy"}, Reconstructed peak
{"name": "reciEV", "id":8, "type":"float", "info":"recon V peak energy"}, . .
{"name": "recEw", "id":9, "type":"float", "info":"recon W peak energy"} energles now avallable




Pion Triggers: Summary of Reconstructed Peak and Cluster Energies for PCAL

PEAKS

CLUSTERS

MEAN / MIP

MEAN / MIP
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Cluster energies close to desired values. Mostly +/- 5% variance.
Peak energies show some systematic variance absent in cluster energies.
Possibly some geometry issues that cancel out in energy sum?




Pion Triggers: Summary of Reconstructed Peak and Cluster Energies for EC Inner
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Similar variance in gains for peaks and clusters.
Sector 1 20% low while Sector 5 20% high. Reason unclear.
Gain outliers due mostly to missing strips causing mis-calibration of adjacent strips.




Pion Triggers: Summary of Reconstructed Peak and Cluster Energies for EC Outer
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Notes:

1.
2.

Generally larger (5-10%) than expected MIP energy.
Could be hadronic interactions. Need to look at muons in all sectors.
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Pion Triggers: Detector Maps of Reconstructed Peak Energy

Used for debugging attenuation corrections




Run 809: High Threshold Six-Sector Trigger — Pizero Invariant Mass from Two-Photon Decay

ool mean 125.334 mean 141.345| 170t ' : mean 138.664
i Sector 1 Sigma 12.894 120T Sector 2 sigma -11.678 Sector 3 S]gma 11.996
80 100} -
20k - 11001 T ﬂ
Am/m= _7-16 +4.7% 80 +2.7% -
607 1! 8o} ]
501 ‘ 60! 1 60
4071 | ”‘H&
30 40§ 1 49]
2011 ' 2o 1 20§ ’
O ; Iqwj.’\l‘—rlrrlﬂ-\_lm_,rﬁnrn‘_‘ il | 0 I L flr—-r SO0 o 0 1 1 [‘J-lrrlFLrUbw,.-n-ﬂn.-
0 100 200 300 400 O 100 200 300 400 0 100 200 300 400
Pizero Invariant Mass (MeV) ‘ Pizero Invariant Mass (MeV) Pizero Invariant Mass (MeV)
100k mean 128.956| 80T mean 138.964 | 100} ' ' mean 140.348
Sector 4 sigma -14.596] 70t sactor 5 sigma -15.150] | Sactor & sigma  13.327
80 60+ . 80f
-44% | | | +30% | | +4.0%
60} 0| '
401
sof Ll
407 30 %
20
2071 20|
- . e s, 0 : : Wanll,rdLn
I I [V on |
% 100 200 300 200 0 100 200 300 400 O 10 299 >0 100
Pizero Invariant Mass (MeV) Pizero Invariant Mass (MeV) Pizero Invariant Mass (MeV)
Notes: 1. Lower massin S1 as expected from Run 760 calibration check

2. Worst resolution in S5 due to variance between PCAL and EC Inner calibration



Summary and Future Work

Preliminary results show validation of gain and attenuation correction procedures
incorporated into calibration suite.

Full KPP dataset DSTs will be used to study e- E/P and pizero mass resolution in
comparison to GEMC predictions.

Some remaining systematics issues between PCAL and EC response require study.
Possibility of using pions for full calibration? S1 and S4 PCAL cannot be calibrated
on FC with muons. CLAS12 hadronic trigger for calibration and monitoring?

Hardware and Trigger

Finish repair of PCAL/EC occupancy holes (now until engineering run).
Begin debugging PCAL VTP trigger (May) B. Raydo, S. Boiarinov.

Six sector cosmic runs with EC VTP trigger (almost ready).

Prepare suitably normalized calibration constants to FADC/VTP trigger.

Remaining ECMon calibration suite development (finish by mid-summer)

Timing using (RF, FADC) based corrections (likely borrow from FTOF).
PCAL/EC relative and absolute alighment using physics and survey data.
Detector status summary plots.

Documentation and tutorials.



Muons in polyvinyltoluene [(2-CH3CgH4CHCH2)y] 10,00
(Z/A) p [g/em®] I [eV] a k=m, T c do 5 1000GeY /c
0.54141 1.032 64.7 0.16101 3.2393 0.1464 2.4855  3.1997 0.00 %
T P Ionization  Brems  Pair prod Photonucl  Total CSDA range E __________
[MeV/c] [MeV cm?/g] [g/cm?] % 100 - 100 GeV/c

10.0 MeV 4.704 x 10! 7.917 7.917 6.971 x 10~ < | TS
14.0 MeV 5.616 x 10! 6.171 6.171 1.275 x 10° S
20.0 MeV 6.802 x 10! 4.816 4.816 2.389 x 10° .g
30.0 MeV 8.509 x 10! 3.734 3.734 4.780 x 10° S
40.0 MeV 1.003 x 102 3.187 3.187 7.698 x 10°
80.0 MeV 1.527 x 102 2.388 2.388 2.266 x 10! 0,10
100. MeV  1.764x 10*  2.237 2.237  3.133x 10"
140. MeV 2.218 x 102 2.082 2.082 4.996 x 10!
200. MeV 2.868 x 102 1.992 1.992 7.954 x 10!
300. MeV 3.917 x 10?2 1.957 0.000 1.957 1.303 x 102
325. MeV 4.171 x 102 1.956 0.000 1.956 Minimum ionization
400. MeV 4.945 x 102 1.962 0.000 1.962 1.814 x 102 0,01 ‘ T *
800. MeV  8.995x 102 2.033 0.000 0.000 2.034 3.817 x 102 ! 0.8 Cos(z‘;fim n |e)0'4 0.2 0
1.00 GeV 1.101 x 10° 2.066 0.000 0.000 2.067 4.792 x 102 1000 g
1.40 GeV 1.502 x 10° 2.120 0.000 0.001 2.121 6.702 x 102
2.00 GeV 2.103 x 10° 2.179 0.000 0.000 0.001 2.181 9.489 x 102
3.00 GeV 3.104 x 10° 2.246 0.001 0.001 0.001 2.249 1.400 x 10°

http://pdg.Ibl.gov/2016/AtomicNuclearProperties/MUE/muE_polyvinyltoluene.pdf

1

GEMC muons:

p < 0.10 stop in Panel 1A

p < 0.23 stop at rear of PCAL

p < 0.31 stop between EC inner, EC outer

p > 0.45 exit rear of EC (large multiple scattering)
p =3 GeV (insignificant multiple scattering)

0,1 +

Vertical integral intensity [m—2s-'sr ]

*  Mean incident muon energy depends on zenith angle.

*  Mean ionization energy loss depends on coincidence
requirements and pixel cuts used to constrain
minimum incident energy.




EC is a Cosmic Ray Telescope

Forward EC Cosmics — Anqular Dependence
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When projected onto sky coordinates, slices in
azimuth from East and West can be compared

Projective geometry of EC means each pixel points
) 5 y pixe' to check detector symmetry.

to the target, and to a unique point in the sky.
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Event Control



