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Histograms for energy resolution of detectors by applying manual clustering and
Incorporating recalibration, for the following detector-particle pairs:

e Electron: CEMC, EEMC, FEMC
e Pion: FEMC + FHCAL, CEMC + HCALIN + HCALOUT

Some histograms with the magnetic field disabled are also included.

tphi : tower ¢, ttheta : tower 6, teagy: tower energies aggregated in an event
gphi : generated ¢, gtheta : generated 6, ge: generated energy 2



Simulation Parameters

e Particles: e, pI°

e vents: 125,000 @7(100,000 — 0-30 GeV/e, 25000 — 0-2 GeV/e),
100,000 pi™ (50,000 for the ones without magnetic field)

e momentum (p): O to 30 GeV/c

e Pseudorapidity (n): -4 to 4

e Azimuth (P): -mtom

Cuts:

e Detector-wise n cuts (intersection of n ranges In case of detector
combinations)

e Detector-wise elliptical cuts in dphi vs dtheta plots (simultaneously
iIncluded In case of detector combinations) 3
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.10 units
semi-major axis = 0.20 units



CEMC (e)

(teagg—ge)/ge VS ge
Explicitn cut: -1.5to0 1.2
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CEMC (e)

(teagg—ge)/ge VS ge
Gaussian fit of the first slice (0-2 GeV)
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I Sigma 0.1511£0.0029 | therecalibrated (te.s—ge) /ge vs ge
I plot.
= (shown on the previous slide)
307
= This fit has been done manually by
I restricting the fit range of the gaussian from

-0.30 t0 0.60

*All other gaussians have been fit over the
entire range.
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Number of bins = 1000 from -0.99 to +1.0



CEMC (e)

—€_,, VS ge
Explictncut: -1.5to0 1.2
Elliptical cut

l 1 1 ! 1 I 1 ! 1 | 1 ] | I | | |
Legend

vs Generated Energy
agg

p, + P /{ge +p_/ge (Fitted)

0.025 + 0.23/ |ge + 0.02/ge oe refers to the standard deviation of the Gaussian
(Requirement) fitted to a slice of the recalibrated (te.ws—ge) /ge
vs ge plot.
(shown on the previous slide)

¢ o

e

Number of bins = 15
Bin Width = 2 GeV

Fit Parameters:

0, =1(0.0397813 +- 0.00314467)

0, =(0.0124181 +- 0.0208545) GeVo>
0, =(0.182235 +-0.0315639) GeV

The fit does not account for the first slice. The first
R T O T M T . slice was overlaid manually over the plot.
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Fitted Gaussians

Fr T r[rrrrrryrrrprrrp e . Sllce 1 ‘(Q :l rrrrryrrryrrrrrr T T - Sllce 2 - o I LA E B e e o o o Shce 3 o I T T T T R [ R R S|ICG 4
& Entries 10661 | € o5 Esz les 2279 | £ 30 Entries 2072 | g ; Entries 2323
— 22 / ndf 406.4/413 | 3 - %2 / ndf 322.3/313 | 3 - %2/ ndf 212.4/249 | 3 30[ %2 / ndf 227.2/215
) Constant 15.13 £0.39 B Constant 1482045 | O | Constant 1988 +058 | © F Constant 23.14 +0.65
- Mean 0.1516 + 0.0030 20 — Mean 0.2095 £ 0.0025 - Mean 0.2111 +0.0019 25 — Mean 0.2189 +0.0017
Sigma 0.1511+ 0.0029 - Sigma 0.1053 + (1-0024 - B Sigma  0.08317 +0.00175 - Sigma  0.07286 + 0.00141
| : 15[ ’] , G - ‘ 20F- 3
. - | - B ] E 7
| 4 " l i 1 B i 15 =
] 10— g~ B ] u "
2 - — 10— i 10 =
L - 51 ‘ — - : - :
10 e ‘ g B l' 3 5 [ ol 5 = —:
0— ﬁllu‘l**h”llJ"L'!fl-“{ vl by | il | il Oﬂm—l‘ ll' L '" —! = I R l IIIII i '— 01[“'] 1“ = I | RS T l‘l | ll l (e po I R T 1: 0|| (I | “1 1]1 l B | 1“ lll 1 ||| " ' BT B 1:
-08 -06 -04 -02 0 02 04 06 08 1 -08 -06 -04 -02 0 02 04 06 08 1 08 -06 -04 02 0 02 04 06 08 1 08 -06 -04 02 0 02 04 06 08 1
""I JE. I L J I ! J ; I / A . I : A ; I L 3 L I L Slice 5 (n —l JE. I E ] ezl J l EE R I LSRR I LR I ! Slice 6 | B U 1 1 1 1 1 1 1 1 1 1 1 1 I 1 1 I Slice 7 | T | | B | 1 1 1 1 I 1 1 1 1 1 1 1 1 1 Slice 8
- . 2 & . i E | T T T T | 0 = I T | | | |
. Entries 2291 S b Entries 275 | & 40 Entries 2231 | € 45F Entries 2248
- 2/ ndf 189.4/206 | 2 : x* / ndf 236.5/191 o F x2/ ndf 163.1/184 | o a0 %2 / ndf 152.7./ 175
- Constant 26.52 +0.74 30 - Constant 2691077 | O 351 Constant 2754 079 | © ; Constant 31.44 +0.90
- Mean 0.2173 + 0.0014 - Mean 0.2213 + 0.0014 30 = Mean 0.2157 +0.0014 35 Mean 0.2162 + 0.0012
:_ Sigma 0.06323 + 0.00116 o5 [ Sigma 0.06067 + 0.00118 2 Sigma 0.06018 + 0.00116 4 . Sigma 0.0532 £ 0.0010
E . 2 ] 25 = E .
[ " 20— =i = ] 25 ]
% 5 @ m 20 2 = ]
- e 15 = : - 20 | =
8 o - ] 1 ] = a
o 2] 10 :_ _: u . 15 = o
: : : - 10 = 10E- £
SE E °F E 5F = 5E- E
| T P WA Y - guLabill o Lea 1L hlll 1y oL - (W I Y AP R B PR s 1 ey 1 e oin..i...n...l...nl gy o =
-08 -06 04 -02 0 02 04 06 08 1 -08 -06 -04 02 0 02 04 06 08 1 08 06 04 02 0 02 04 06 0.8 1 08 -06 04 02 0 02 04 06 0.8 1
L L N I L I L B B B S|IC€ 9 » AL L N I O L Y I L L B Y S|IC€ 10 LI e e e o o o o O L o o S|IC€ 11 LA I B B e e S|IC€ 12
- - € = Entries 2246 £ = - 2L = :
E Entries 2264 S 40k € 45E Entries 2296 c 45F Entries 2211
- ¥2 / ndf 1886/169 | O 5 %/ nf 163.3/158 | 3 £ x2 / ndf 211.3/172 | - %2/ ndf 151.5/155
. Constant 31.63 +0.87 35 Constant 3189 +088 [ © 4oF Constant 3a81+098 | O 40F Constant 32.02 + 0.90
5 Mean 0.2168 + 0.0012 - Mean 02171.=0:0012 - e Mean 0.2162 + 0.0011 35 Mean 0.2134 +0.0012
i Sigma 0.05245 + 0.00091 30 Sigma _ 0.05223 + 0.00094 E Sigma  0.04768 + 0.00086 g Sigma  0.05154 + 0.00096
= 2 25 - = 30 E OF" E
: . 20F- - 25 E "3 B
- - s - 20 - = 20 F- =
i - - - 15 3 15 =
E = 10 = B = : =
[ | = - 10 = — 10 —
- ] >E E 5F- = 5F- =
—llll TTT I N I BT AN | M A N [ VA V! W O o oy N O l_ 0_‘l T A o I O e 8 5 O:I TR (IR BT A et Al ' | S b O O o A O 1: 0:l| ald o by b s s Eivaca b ogss o 1:
-08 -06 -04 -02 0 02 04 06 08 1 -08 -06 -04 -02 0 02 04 06 08 1 -08 -06 04 02 0 02 04 06 08 1 -08 -06 04 02 0 02 04 06 08 1

—
-

The x-axes denote Aeagg/ge
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Fitted Gaussians
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EEMC (e7)

Elliptical cut on dphi vs dtheta, Explicit n cut: -3.5to -1.7
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.10 units
semi-major axis = 0.40 units
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(te " -ge)/ge

EEMC (e’)

(teagg—ge)/ge VS ge
Explicit ncut: -3.5to -1.7
no energy cut

After Recalibration (te — te/recalibrationFactor)
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EEMC (e’)

(teagg—ge)/ge VS ge

Gaussian fit of the first slice (0-3 GeV)
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This is the gaussian fit of the first slice of
the recalibrated (te.ss—ge) /ge vs ge
plot.

(shown on the previous slide)

This fit has been done manually by

restricting the fit range of the gaussian from
0.14t0 0.21

*All other gaussians have been fit over the
entire range.



EEMC (e’)
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Explictncut: -3.5to -1.7
Elliptical cut
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oe refers to the standard deviation of the Gaussian
fitted to a slice of the recalibrated (te.sws—ge) /ge
vs ge plot.

(shown on the previous slide)

Number of bins = 10
Bin Width = 3 GeV

Fit Parameters:

0, =1(0.0229192 +- 0.00276235)

0, =(-0.0510187+- 0.0184972) GeVY>
0, =(0.0612565 +- 0.0288292) GeV

The fit does not account for the first slice. The first

slice was overlaid manually over the plot.
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FEMC (e)

Elliptical cut on dphi vs dtheta, Explicit n cut: 1.3 to 3.3
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.13 units
semi-major axis = 0.40 units
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FEMC (e’)

(te —ge)/ge VS ge
Expl|C|t ncut: 1.3 to 3.3
no energy cut
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FEMC (e’)

(teagg—ge)/ge VS ge
Gaussian fit of the first slice (0-2 GeV)
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Number of bins = 1000 from -0.99 to +1.00

This is the gaussian fit of the first slice of
the recalibrated (te.ss—ge) /ge vs ge
plot.

(shown on the previous slide)

This fit has been done manually by
restricting the fit range of the gaussian from
0.00 to 0.40

*All other gaussians have been fit over the
entire range.



FEMC (e’)

_e___Vsge

Explicit n cut: 1.3 to 3.3
Elliptical cut
0.5 1 1 I 1 1 1 I | 1 1 ] 1 I 1 ] 1 I 1 ] 1 I | | 1
m§ i | | LGegend B
© 0.45 i $ Cg,, VS enerat nergy
5 4 E p, + p1/fg_e +p/ge (Fitted)
. 0.02 + 0.08/ Yge +0.02/ge oe refers to the standard deviation of the Gaussian
0.35 {Requirement) fitted to a slice of the recalibrated (te.qs—ge) /ge
RS vs ge plot.
0.3 i (shown on the previous slide)
13
0.25 : Number of bins = 15
Bin Width = 2 GeV
0.2

Fit Parameters:

0.15 0. =(0.0184915 +- 0.002088609)
; 5, = (0.0196041 +- 0.0133210) GeVO®
0, = (0.0640745 +- 0.0192794) GeV

The fit does not account for the first slice. The first
) T S S S S S A S S S S S slice was overlaid manually over the plot.
0 5 10 15 20 25 30

Generated Enerqgy (GeV)
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FEMC (e’)

Explicit n cut: 1.3 to 3.3
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-0.2
-0.4
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-0.8

FEMC (pr1’)

Elliptical cut on dphi vs dtheta, Explicit n cut: 1.3 to 3.3

Magnetic Field Turned OFF
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.13 units
semi-major axis = 0.35 units
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FHCAL (pi’)

Elliptical cut on dphi vs dtheta, Explicit n cut: 1.3 to 3.3

Magnetic Field Turned OFF

dphi_dtheta EtaCut
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.15 units
semi-major axis = 0.45 units
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FEMC + FHCAL (pi’)

(teagg—ge)/ge VS ge
Explicitn cut: 1.3 to 3.3

no energy cut
Magnetic Field Turned OFF
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Recalibration factor: 0.4139
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FEMC (pr1’)

Elliptical cut on dphi vs dtheta, Explicit n cut: 1.3 to 3.3

dphi_dtheta EtaCut
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.13 units
semi-major axis = 0.35 units
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FHCAL (pi’)

Elliptical cut on dphi vs dtheta, Explicit n cut: 1.3 to 3.3
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.15 units
semi-major axis = 0.45 units
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FEMC + FHCAL (pi’)

(teagg—ge)/ge VS ge
Explicitn cut: 1.3 to 3.3
no energy cut

After Recalibration (te — te/recalibrationFactor)
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FEMC + FHCAL (pi’)

(te —ge)/ge VS ge
(Gaussian ﬁt of the first slice (0-2 GeV)

.
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Entries 1643
12 / ndf 169.8 / 223
Constant 2.214 + 0.144
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Number of bins = 500 from -0.99 to +1.30

This is the gaussian fit of the first slice of
the recalibrated (te.ss—ge) /ge vs ge
plot.

(shown on the previous slide)

This fit has been done manually by

restricting the fit range of the gaussian from
-0.70 to 0.45

*All other gaussians have been fit over the
entire range.
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o Legend =
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Explicit n cut: 1.3 to 3.3
Elliptical cuts

Generated Enerqgy (GeV)

HCAL (p1’)

oe refers to the standard deviation of the Gaussian
fitted to a slice of the recalibrated (te.sws—ge) /ge
vs ge plot.

(shown on the previous slide)

Number of bins = 15
Bin Width = 2 GeV

Fit Parameters:
P, = (0.207077 +- 0.0102293)
P, = (0.323210 +- 0.0345614) GeV°>

The fit does not account for the first slice. The first
slice was overlaid manually over the plot.
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FEMC + FHCAL (pi’)

Explicit n cut: 1.3 to 3.3
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Reduced_x2 of the Gaussians
fitted to the slices of the
recalibrated (te, ,~9e) /ge vs
ge plot.
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‘ CEMC + HCALIN + HCALOUT (pi’)
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CEMC (pr)

Elliptical cut on dphi vs dtheta, Explictncut:-1.1to 1.1

Magnetic Field Turned OFF

1 dphi_dtheta EtaCut
E _'f - : Entries 1192421
?@ 8 _-"El’f : Meanx 0.005024
ML i ] Meany  0.02554 )0
E&) 6 :F.ﬁ:"—'_-[i el Std Devx  0.1442
Ot o B Std Devy 0.2202 |
0.4k E'#" e
X =4 4 =250
0.2 gt e
" -
0 H | ey 200
—0.2§ RL
A K. 150
—0.40%:% a5
ik 3y 100
_0.6f! 5
i {8500
—0.8 :E-'ﬂi g-:l;_:::
cip. Ty - =F

15}

142080604020 02040608

ttheta-gtheta

1

Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.10 units
semi-major axis = 0.20 units
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HCALIN (pi)

Elliptical cut on dphi vs dtheta, Explictncut:-1.1to 1.1

Magnetic Field Turned OFF

dphi_dtheta EtaCut
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.15 units
semi-major axis = 0.25 units
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HCALOUT (pr)

Elliptical cut on dphi vs dtheta, Explictncut:-1.1to 1.1

Magnetic Field Turned OFF

dphi_dtheta EtaCut
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1 Mean x 0.0004699
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.20 units
semi-major axis = 0.30 units
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CEMC + HCALIN + HCALOUT (pi’)

(teagg—ge)/ge VS ge

Explicitncut:-1.1to 1.1

no energy cut
Magnetic Field Turned OFF

After Recalibration (te — te/recalibrationFactor)
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Recalibration factor: 0.7461



CEMC (pr)

Elliptical cut on dphi vs dtheta, Explictncut:-1.1to 1.1

dphi_dtheta EtaCut

SRR Stdl Dev x

td Dev y

T
Z ; il Entries 2420614
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.10 units
semi-major axis = 0.20 units



~1

1-0.

80.6-0

HCALIN (pi)

Elliptical cut on dphi vs dtheta, Explictncut:-1.1to 1.1

dphi_dtheta EtaCut

'-: =] ..‘ .I.I: 1#”‘.

S h Entries 850379 5(

l- 1! 'Il-

R4 Mean x  -0.000488

R Meany  —0.007302

8B Std Devx  0.2562 )(
BN StdDevy  0.3111

' ..'l;f.

Iy

B N
1. " - |
ol

wary|

analysis.

20(

Dimensions:

o il i

nely gfuies .
T

i
- .J!.-I J o
Pl
I-J
.

A b T
& 5

10(

-k

50

0
ttheta-gtheta

Beell = —(o5( Elliptical Cut: Only the towers within the elliptical
B region (centered at origin) are considered for further

15( semi-minor axis = 0.15 units
semi-major axis = 0.25 units
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0.4

HCALOUT (pr)

Elliptical cut on dphi vs dtheta, Explictncut:-1.1to 1.1

dphi_dtheta EtaCut
Fep '1‘-1. Entries 750481 D(
Mean x -—0.001029
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Elliptical Cut: Only the towers within the elliptical
region (centered at origin) are considered for further
analysis.

Dimensions:

semi-minor axis = 0.20 units
semi-major axis = 0.30 units
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CEMC + HCALIN + HCALOUT (pr’)

(teagg—ge)/ge VS ge
Gaussian fit of the first slice (0-3 GeV)

w | L || | L | | L | L | L | S'ice 1
"g' Entries 2857
3 16 2/ ndf 362.8 / 369
14 Constant 4.298 + 0.158
Mean —0.457 £0.136 | This is the gaussian fit of the first slice of
12 Sigma 0.9882 + 0.1219 | therecalibrated (te:s—ge) /ge vs ge
plot.
10 (shown on the previous slide)

This fit has been done manually by
restricting the fit range of the gaussian from

%lillllllllllllllllll

6 -0.80 to 1.00
4 ] i i *All other gaussians have been fit over the
B I | v entire range.
0 :l L | I | RN L | I | Rl . | I | ] I | I I 1 I | | | | | l”
-08-06-04-02 0 02 04 06 08 1 1.2
Ae™ ge

Number of bins = 500 from -0.99 to +1.30 48



CEMC + HCALIN

o VS €
Explicitncut:-1.1to 1.1

Elliptical cuts

8 1 .2 | I I I I I I I I | ) I | I | I | I I
" Legend —
— +— o, vs Generated Energy —
1 p, + P/ (ge (Fitted)

B 0.1 + 1.0/yge (Requirement) |~
0.8— =
0.6— s
0.4— —

e . —“‘Eﬁ__._:L__'__—
0.2— =

0 e | | | | | | I I | | | | | | | | | | | | | | |
0 5 10 15 20 29 30

Generated Enerqgy (GeV)

+ HCALOUT (p1’)

oe refers to the standard deviation of the Gaussian
fitted to a slice of the recalibrated (te.sws—ge) /ge
vs ge plot.

(shown on the previous slide)

Number of bins = 10
Bin Width = 3 GeV

Fit Parameters:
P, = (0.0730367 +- 0.00684017)
P, = (0.787950 +- 0.0274580) GeV°>
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Mean

CEMC + HCALIN + HCALOUT (pi’)

Explicitncut:-1.1to 1.1
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Reduced_x2 of the Gaussians
fitted to the slices of the
recalibrated (te, ,~9e) /ge vs
ge plot.

Mean of the Gaussians fitted to
the slices of the recalibrated

(te, ~ge) /ge vs ge plot.
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CEMC + HCALIN + HCALOUT (pr’)

Fitted Gaussians
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