Including the tail catcher for energy
reconstruction

e (Qutline:

- New geometry model including a tail catcher
— Improved calibration method
— Effects of the tail catcher

* Single particles

* Single jets
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Simulating the tail catcher on a full detetor model

* New detector model: sidaug05_tcmt

— sidaug05: projective SiW ECal, SS/RPC HCal and muon

system.
Muon layers are Scm Fe + 0.64cm RPC + 0.86¢cm air

- sidaug05_tcmt: non-projective 0.5x0.5(cm?) Ecal,
Ix1 SS/Scint Hcal and 3x3 SS/Scint TCMT
tail catcher layers are 2cm SS + 0.5¢cm scint + 0.3cm air

- Several single-particle samples simulated

muons, photons, charged pions, neutrons, Klongs (perpendicular to beam)
b- and c-jets : energy =1 ..250GeV, theta=1..179 deg

0
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Improved(?) calibration method

A maximum likelihood

HDSW

TCSW
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0.42
0.40
0.387
0.36
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0.327
0.30]
0.28
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0.227]
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0167
0.147]
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Klongs in sidaug05_scinthcal
Energy resolution jminuit fit

[longs in sidaugOs _scinthcal
Entries : 90000

Energy resolution jrminuit fit
const; 2,3994E-3+2.517E-4
res : 0. 18620+£0.00111
ol 10.807

0.00

0.1

G.Lima — DHCal weekly meeting - 2005/11/09 I‘Q\\_

1 10 100

7O

(i
|

ICGil¢

2.2
2=
2.0
1.9
1T
1.7+
1.6
1.5
1.4
1.3 T
1.2+
11T
1.0+
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1+
0.0

Energy resolution: photons in sidaug0O5_tcmt

® Klongs in sidauglS_scinthcal

— line jminuit fit
[

o
-

I<longs in sidaugos _scinthical
Entries : -8.0000

line jminuit fit
po —0.014_53'?1 0.001174
Pl Q20402+0:00108
i 1.8818
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Energy resolution: neutrons in sidaug05_tcmt

Meutrons in sidaug05_tcmt Meutrons in sidaug05_tomt
0.75 1 Meutrons in sidaug0S5_tcmt 6.6
b — Energy resolution jminuit fit 6.4+ Meutrons in sidaug05_tcmt
0.70—+ ] sa1 - line jminuit fit
Meutrons in sidaug05 _tomt 6.0 - .
Entries ° 2. 0000 E Meutrons in siclaug2s _tomt
0.657 5.8 Entries : B.0000
Enerdy resolution jminuit it 5.6 - —
const 0013568+ 0.003381 ) line jrminuit fit
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Energy resolution: pions in sidaug05_tcmt

Pions in sidaugD5_tomt

&= Pions in sidaugO0S5_tcmt

Energy resoclution jminuit fit

Fions in sicdaugs _tocmt

Entries : 55,0000

Energy resalution jminuit fit

const: D.DE3EY1+0.00159
res : 0.32729+20.00570
wE 23921

[ -3-\
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Pions in sidaug05_tomt

0 Pions in sidaugdS_tcmt
line jminuit fit

Fions in sidaugOs _tcmt
Entries : 6. 0000

line jminuit fit
po: -0.44539+0.0115
pl: 0.80632x20.00705
W2 34E8.88
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Adding TC data

pi-0 5 gev-sidaugtcmt. aida

pi-01gev-sidaugtcmt. aida

2200 I No tail catcher Mo tail catcher
With tail catcher With tail catcher
2,000 &
18007 Mo tail catcher Mo tail catcher
1.600 Entries : 5000 Entries : 5000
’ Mean : -0.33059 Mean : -0.018855
1,400 Rms: 0.26145 Rms : 0.61866
1,200 With tail catcher With tail catcher
Entries : 5000 Entries = 5000
1,0007T Mean :-0.33053 Mean : -0.018706
ery S I I l a g00-+ Rms @ 0.26147 Rms : 061870

500
effect for low
200
. . ! } | 1 . J j B
0 T T T T 1 1 T T 1 T T
energy plons 05 00 05 10 15 20 25 3.0 3 4 5
(up tO 5 Ge s ; ) pi-02 gev-siclaugtcmt. aica pi-05 gev-sicaugtcmt. aida
2500 B No tail catcher 200 B Mo tail catcher
B with tail catcher E With tail catcher
3,000 e i
Mo tail catcher 700+ Mo tail catcher
2 5004 Entries : 5000 I Entries : 5000
i Mean : 4.5004E-3 500 E Mean : -0.047414
Rms : 1.2669 Rms : 087038
2,000 With tail catcher 5007 With tail catcher
Entries : 5000 Entries : 5000
15004 Mean : 4.6588E-3 400 Mean : -0.047213
’ Rms : 1.2668 Rms : 0.87033
200
1,000+
2007
5007 100+
o- ; } f } f = 04— T f } t }
10 20 30 40 50 [=]9] -2 Q 2 4 =} a2 10

7 ol
[
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Clear effects
for high energy
pions (10 GeV

Adding TC data

pi-10gev-sidaugtcmt. aida

No tail catcher
& With tail catcher

Mo tail catcher
Entries : 4972
Mean : -0.78911
Rms : 20555

With tail catcher
Entries : 4972

Mean : -0.7 2051
Rms :

1.9201

pi-50gev-sidaugtemt. aida

Or more) 700 -+ Mo tail catcher
s504 With tail catcher
5001
5501 - Mo tail catcher
Entries : 4660
300 Mean: -1.9513
45071 i g Rms : 10.659
400 With tail catcher
3507 Entries : 4660
2004 Mean : -0.41518
Rms : 8.0727
Z250T
200
50T
00T
50T e
0 -+ S m— } } f f T S SE—
-50 -40 -3 -20  -10 0 10 20 30 40
l,-‘;f: O
. . [l Al
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pi-20gev-sidaugtcmt. aida

* No tail catcher

B30T
6001 # With tail catcher
5507
4+ Mo tail catcher
=08 " Entries : 5000
450 Mean : -0.94357
400+ Rms : 3.7820
3501 With tail catcher
i | Entries : 5000
200 % Mean : -0.71061
25071 " Rms: 33181
2007
150
100+
S50 wr
L
O_Mﬂﬁ I } I M-\Iﬂlhtuw = e
-20 -15 -10 -5 0 5 10 15 ee]
pi-100gev-sicaugtcmt aica
Mo tail catcher
7007T ® With tail catcher
650
e Mo tail catcher
5507 Entries : 5000
5007 Mean : -7.7551
450+ Rms : 23817
4001 With tail catcher
3501 Entries : 5000
! Mean : -1.9849
2007 Rms: 15.345
250
2000
150
100
50T
) Hm—— P 4| — -
-100  -BO 40 &0




Adding TC data

neutrons-02gev-sidaugtcmt. aida

neutrons-03gev-sidaugtcmt. aida

No tail catcher

No tail catcher

2001 1404
With tail catcher 120 With tail catcher
180T
1204
le0T No tail catcher 110 No tail catcher
| Entries : 2000 100 Entries : 2000
1407 Mean : -0.026268 Mean : -0.12547
Rms : 14241 201 Rms : 1.5385
120 i
With tail catcher B0 With tail catcher
10070 Entries : 2000 707 Entries : 2000
. . Mean : -0.025572 &0 Mean : -0.1 2096
Slmllarly for 80T Rms : 14235 e Rms: 15374
0T 404
40— 307
(ALY neutrons Lol 201
10
0 f } 0 } } f i
-2 g -2 4] 2 &
neutrons- L0gev-sicdaugtomt. aida
260 — Mo tail catcher 400 No tail catcher
240+ — With tail catcher With tail catcher
22071 350
200+ Mo tail catcher No tail catcher
Entries : 2000 32007 Entries : 2000
180T Mean : -0.23665 Mean : -0.83118
1604 Rms : 1.9409 2501 Rms : 24468
140+ With tail catcher With tail catcher
; Entries : 2000 200 Entries : 2000
1207 Mean : -0.22676 Mean : -0.78339
1001 Rmis : 1.9336 150 Runis © 2.3799
20T
60T 1007
401 | 504
20T |
s} "‘.'—[ f =) } 0 e f fe= } } f } } f
] 0 5 10 15 -10 -5 8] B 10 15 20 25 30 35
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Clear effects
also for high

energy neutrons
(15 GeV or

more)
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2207
2007
1807
1607
1404
1204
1007
80
60
40
207

No tail catcher
With tail catcher

Mo tail catcher
Entries 1 2000
Mean: -1.1071
Rms : 2.9979

With tail catcher
Entries : 2000
Mean : -0.96081
Rms : 26977

3007

2507

2007

neutrons-30gev-sidaugtomt. aida

10

No tail catcher
With tail catcher

Mo tail catcher
Entries : 2000
Mean: -1.0981
Rms : 5.6728

With tail catcher
Entries : 2000
Mean : -0.61016

Rmis : 4.7996

O

L nicag

Adding TC data

neutrons-15gev-sidaugtcmt. aida

2007
1807
160
140
1201
1007
80
507
407
207

neutrons-2 Cdgewv-sidaugtcmt. aida

— No tail catcher
With tail catcher

Mo tail catcher
Emtries = 2000
Mean: -1.1563
Rms : 3.7566

With tail catcher
Entries : 2000
Mean : -0.9567 8
Rms : 3.3413

2407
22017
2007
1807
1607
1407
1207
1007
B0
507
407
207

neutrons-5dgev-sidaugtcmt. aida

Mo tail catcher
With tail catcher

Mo tail catcher
Entries : 2000
Mean : -2.6690
Rms: 94916

With tail catcher
Entries : 2000
Mean : -1.1640
Rms: 71053

10 20

10




For Klongs

G.Lima — DHCal weekly meeting - 2005/11/09

Adding TC data

KOL-02 gev-siclaugtcmt. aida

Mo tail catcher

KOL-05 gev-sicaugtemt. aida

Mo tail catcher

160 140
With tail catcher 120+ With tail catcher
140 1207
Mo tail catcher 110+ Mo tail catcher
120 Entries: 1000 1004 Entries: 1000
Mean : -0.10522 Mean : -0.34071
100+ Rms : 1.0349 Q0T Rms : 1.5251
With tail catcher 80T With tail catcher
20T Entries : 1000 70T Entries : 1000
Mean : -0.10347 60+ Mean : -0.32558
1 Rms:  1.0344 i Rms:  1.5105
60 50+
40T
40T
7 30T
2o+ | 200
i 18-
e f =t t 0 f f f t } f f ; f f
-2 Q g -4 -2 0 2 i & g 10 12 14
KOL-20gev-sidaugtcmt. aida
100+ — No tail catcher 200+ No tail catcher
With tail catcher With tail catcher
20T 180T
0T Mo tail catcher 160 Mo tail catcher
Entries : 1000 Entries : 1000
7o Mean: -1.0033 1407 Mean: -1.2527
Rms : 23109 Rms : 40626
50T - - 120 - -
With tail catcher With tail catcher
50T Entries : 1000 100 Entries: 1000
Mean : -0.89382 Mean : -0.931 249
40T Rms : 21021 20T Rms : 34068
30T 60T IL]
20 . ’{ &EF' 40 |
104+ M i th i 207 .
i e i
0+—F : : : : — R — : = : :
-2 ¢} 2 4 &

,___
< -

7O
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Looking at single-jet events

Without tail catcher

With a tail catcher

Ereco {(Ge\) Ereco (Ge\)
ggg: Entries . 3493 ;gg: Entries © 3493 :
3404 *Mean: 12851 40+ ¥Mean: 12B.51
2L | xRms: 67.109 2a 1 | xRms : 67.109
ol ¥Mean: 105.34 So0+ YMean: 107.84
. YREms ;. 66.647 YEms ; &7.7E&
b-jet events: LN LA
* 16071 160
14071 140
E =1..250 GeV 1207 1207
¢ 1001 100
BOT 80
theta=1..179 deg o1 501
407 40
20+ 201
o : | : | | oF : | | : |
0 50 100 150 200 250 0 50 100 150 200 250
Egen (GeV) Egen (GeV)
Without tail catcher With a tail catcher
# entries / bin Entries : 3453 # entries / bin Entries : 3493
900 Mean : -23.170 1100 Mean ; -20.671
Rms: 40887 i a Ems: 40.148
goo4 &5 1,000 =]
7004 20071
BOO T
6001 70071
0T 600 =l
4001 & 300 8
. ‘ 400+
200 f 200 :
@ o 200 =
100 M‘Bﬂ 'La%ﬁ 100+ S
L=
0 pRass T } f T f Q=== s f f T 1
-250 -200 -150 -100 -50 0 50 100 -50 L] 50 100

Egen - Ereco (GeV)

7O

Cmcadd
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An event with large missing energy

79 :
G.Lima — DHCal weekly meeting - 2005/11/09 ILIIIC:"I'I

13



recoE (Ge\)
2701
26071
2501
240
23071
22071
2101
20071
19071
180
1707
16071
150
140
13071
120+
110+
10071
201
B0
70T
601
50
40T
30+
20T
10T
o+
10

Fiducial cut in theta

b jets - 1..179 deg - 10..250 GeV

Entries :
XMean :
¥Fms :
Yiean :

2552
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genkE (Gel)

reco energy ratio vs. quark theta

uark theta (de Entries. 2552
g e XKMean: 0.91189
Il ¥Ems: 0.34122
180 YMean: 90232
170+ YREms : 51.794
&
1607 i
'y
1507
1407 i
FY
130+ .
120
110+ ¢ Require theta
1007 *
" in the range
90
80+ 10..170 deg
70 i
60
50—
Y
40T
¥ =l 'y
30 2
20T =
10—
['__
} f f f f f f f {
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0
recoE / genE

i
Nl
A

=

ICGil¢
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TC etfects on single jets

b jets - 10..250GeV - 10..170deg

# entries |/ bin

2,400+

*
2,200
2,000 1z o tail catcher
1.800 Entries © 83269
1,600+ Mean : -18.514
1,400 Fms: 29437
1,200 = 3
1,000+ e T ail cgm:her
800 Entries : &389
600 i : Mean : -14.793
400+ =* B Rms: 28.273
5
=200 -150 -100 -50 0 50 100 150

Reco Energy (GeV)

& Mo tail catcher
* Tail catcher

b jets - 10..250GeV - 10..170deg - adding missingE

# entries |/ bin

# Mo tail catcher

3,000 -+ Tail catcher
2,500 * o tail catcher
% Entries : B3E69
2,000 Mean : -4.0330
Ems : 14.528
1,500 .
& 6 Tail catcher
el Entries : B3E69
1.000 = Mean : -0.37865
5004 * " Fms : 15781
wt
0 s v *‘gﬁﬁ?ﬁ'?' | **Nﬁa&ﬁwfa&u 4 italcwrcadrueat
-100 -50 0 50 100 150
Reco Energy (GeV)
/;::I O
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Ccjets — 10..250GeV - 10..170deg

# entries [ bin

Mo tail catcher

800+ Tail catcher
700+
Mo tail catcher
600 Entries : 2283
500+ Mean: -9. 2261
FEms: 27.166
400 ;
[Tail catcher
300 Entries : 2283
% Mean : -4 1568
08 Rms: 26202
100+
-150 -100 -50 0 50 100 150

Reco Energy (GeV)

Cjets - 10..250GeV - 10..170deg - adding missingE

# entries [ bin

BOO
700
600+
500+
400
300+
200+
100+

B [

0_

-50 0 50
Reco Energy (GeV)

@ Mo tail catcher
B Tail catcher

o tail catcher
Entries : 2283
Mean: -2.6352
Fms: 20914

[Tail catcher
Entrias :
Mean :
Rms .

2283
2.4340
19.964

.y L
u*-n-.u*nh_|—“'_.¥lm-uq-.-m.;qm

100 150



TC etfects on single jets

b jets - 100.150GeV - 10.170deqg

# entries |/ bin

® hotail catcher - 100, 150gev

400— . B Tail catcher - 100, 150gey
350+ . :
; Mo tail catcher - 100..150gey
300+ Entrigs : 1807
250+ Mean : -15 818
- [ Rrms : 26.983
- Tail catcher — 100.. 150gev
1501 i & Entries ; 1807
100-- s = Mean : -12.520
Illii- Rms : 26.931
20T [ ]
ll'.. I-'
(- imenann®B | | I_I_I_q.l_'_l_-.lmp..n..-_q.-.
~100 _50 0 50 100 150

Reco Energy (GeV)
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TC etfects on single jets

b jets - 200.250GeV - 10.170deqg
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Next steps

* Found a problem: all “no TC” plots actually use the same
HDSW as the “with TC” plots

— Fix: Re-calibrate HD without the tail catcher

e Effects of the tail catcher on single particle energy
resolutions

 Refine/improve calibration procedure

- Segmented subcomponents (superlayers)
- Different particle types
- Use a full-fledged PFA, when available

=0
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Trying gaussian fits

20 GeV pions, no TC 20 GeV pions, adding TC
650 recoEnergyWithoutTCMT 650 # recoEnergyWithouwtTCMT2
Entries : 5000 AUSS
iR + Mean : 19.057 600 [ 2
600 LT Rms 37820 *
- Tl i /
504 _+ e 504 ﬁf rEé:niEirlirgwMIhuutTcr15TG2OO
L3 amplitude : 545 97+ 10.4 L Mnan_' ’ 19 289
300 _ mean: 19.422+0.043 00T ¥ .| Ees 33181
]| sioma: 2.9671:0.0369 il ' :
450 T [] w2 53911 4507T Y lmauss
amplitude : 536 63+ 10.1
400 400 | mean: 19,445+ 0.042
l 4 | sigma: 2.9408x0.0361
350 . 35071 * ooz 4.0233
300 ; : 300 i N
2501 [ : 250+
200 J + 200 ¥
L I * o
150 T ' . 150 *
? %
10071 5 3} 100 % )
50+ * : 50 s
*, o, ' *
oy g E
0 = Sagty I I ti.rmm‘iu qu I I I mw
0 10 20 30 40 5 10 15 20 25 30 35 40

* No significant change to fit parameters, but get a better fit quality.
* Without TC data, fit results are more sensitive to initialization

.
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Trying gaussian fits

gauss_1 100 GeV pions, with TC data

650 — recoEnerayWithouwt TCMT 50— recoEnergyWithoutTCMT2
Emrieﬂ:T 5000 Entriﬂ; : 5000

600+ Mean :‘h 92 244 700+ Meank 98.015
Fms: L 23.817 Fms g 15,345

- 6501 -
33071 gauss.1 . 4 gauss
| amplitude : 33821 600 amplitude : 81.300
500 rmean ! 101.389 550 mean: 1 24.423
450+ 5|gma+. 10.134 sigmg - L 20,554
gauss 500 gauss. 1

400 amplitudei 56,805 450+ amplitude : 581.92
mean : 57,640 mean ;. - 102 .28

350+ sigma : 30.545 400+ sigiha: ® 9.4466

3004+ sum L 3501 aum
amplitude § 53821+ 121 amplitude © 81 200+x8. 422

50+ mean: — 101.39:x0.21 300 mean: 1 B4.423+1.47
SiQria: 10.124x0.214 350+ sigma : ¥ 20554:0.647

200+ amplitude_1: 56.805+3 848 arfplitude_1: 581.92+14.0
mean_1: * B7.640£1.97 200+ rgean_1: 102 28+0.21

150 sigma_l : 20545+ 1. 120 stgma_l: & 9446620234
B 4 4796 1501 W 2. 1407

1007 oot *s 100+ i )

50+ ® §*** Fa : .
lml'lh.. L ] 50 -'& "
0 —== sa® | | ™ i = DH-P——!_HI- | e
0 50 100 150 0 50 100 150

* Missing energy gets reasonably well modeled with two gaussians
* As expected, the second gaussian improves with tail catcher data

79
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