Hadron Calorimetry with 1-2 bits
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Introduction




Geometries Considered
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Ncells for hadrons




Single particle resolutions
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Single Particle Resolution (10GeV)

Live Energy in HCal for 10GeV charged pions

hLiv
Entries : 2500
OutOfRange : 0
Mean: 0.27282
Rms: 0.058080

IGaussian uncmin fit
amplitude : 480.22
mean: 0.27299

sigma: 0.049848

No. of Hits in HCal for 10GeV charged pions

hNumH
Entries : 2500
OutOfRange : 0
Mean: 92.388
Rms : 16.138

IGaussian uncmin fit
amplitude : 621.63
mean: 92.426

sigma : 15.401

9cm? cells
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Single Particle Resolut

Live Energy in the HCal for 50 GeV charged pions

1.2
E (GeV)

hLiv
Entries : 2500
OutOfRange : 0
Mean: 1.3871
Rms: 0.24287

IGaussian uncmin fit
amplitude : 156.68
mean: 1.4363

sigma: 0.14475

No. of Hits in the HCal for 50 GeV charged pions

lon (50GeV)

hNumH
Entries : 2500
OutOfRange @ 0
Mean: 314.87
Rms : 58.467

iGaussian uncmin fit
amplitude : 192.25
mean: 318.27

sigma : 49.011

Ocm? cells

500
E (GeV)




50 GeV charged pions
Total No. of hits (0.25*MIP)

No. of hits above 4*MIP
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50 GeV charged pions
Total No. of hits (0.25*MIP)

Nhit correlations

No. of hits above 2*MIP
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50 GeV charged pions
Total No. of hits (above 0.25 MIP)

No. of hits above 10*MIP

50 GeV charged pions
Total No. of hits (above 0.25*MIP)

Nhit correlations

No. of hits above 6*MIP




Nhit correlations

50 GeV charged pions 50 GeV charged pions
No. of hits above 15*MIP No. of hits above 20*MIP
50 50T
48 48
467 46
44 1 44
42 42
40 40
38 38
361
34
329

sosspesososoogsoasas aas . 304

onoo oOosoo ooosasasoon

+ seOo-ge0oso00o0eeOsOn ==o== & E
--0-0 DooogeOo egeoso-o oe 28] =
+ = o-o-osoooofooooeooooo-- @ = Z8a
-a 0-0000-20000000a0000c o==0s = 26 SR e TR ST
= Oo0oooo0e00s0000000000. a0« = - ** =o=ono ooOo Oro==n
oo o0ooc0o00doO00O0COCORO00 Ooa @ o 24 . oo ocoooOOosooo oo @n
Seoeoememe0en00n0eJ00e00e 0200 & @a = " 1 o GooomoeiEo G @ @
2 o &s QopeOOOCOOCCE(OOeOe000s s - coosoooafocscoass @rooas
@ 1oe0000NOoFO000 asaora Sy « --O-p80-cOosgepoo....oo -
- © o0 seooooOoOoOoCCofOoOoooooo- = 20 sonomeooods-s..ooos -
=oo-: ood oofooOoAocJRo-oos-= == = = + e=n=oooo[AeoeOon-= = -8
- CEEEL-T} s=oJooIIToooooooo-o = . 15 8 :ooo==00000000000000000000= o
- ==0 .-00000O000O00KOO0OO0-O0O0as - =oneaO00 OOOOOOOOOOGG0E=O0 ="«
o @  sO0s0000000000000000000 oooo oo 164 ot 0o+ s0EOOO008EO80e0 08 =00 -
@ oo sios osooood00coOcOdccO0cOcscooo CL) 80 sas00000000O00 T Ne0a0ass 8
@ oos o sabasacafasOl sOs =sesas i ao e 11 oe0ssCROOOOO0000 ssaiooao
cooo sos @eee o @o ogpegsoss 6 G 1% s seaoonsosesolofCo0oHoo=sooos o
B: = .8 . B a8: B B8 . ox aa . 12 . 8088 0oOOOCNO0000000 -0 .0 =
- Oass mem0 0:Oss0 Os = O O = o o . osooooO0O(ITTJo[[OoOoooocs sos o
wm=sD = O = s sn mreem ===s 00 s00=00ooofoooofosooso ss -
- = as =gm@ = s+ s+ mg@ s oas - + 8= ossg OO-0oO0OOCOOOCClNOCOOO:: oe==
=i 5 - s==a . as = @os+s =o-OooOeQQ0sge00g-00cas o
wa "1 o gar oo Goooo soooOcscoO0cOasiscs o o
to1 ooooooroms oo oooso oooooooOess o oo
T Tl BRI

1 1 1 { 1 1 1 1

T T T T T T T T T T
200 250 300 350 400 200 250 300 350 400
Total No. of hits (above 0.25*MIP) Total No. of hits (above 0.25*MIP)




Alternatively..

10 GeV Charged Pions (3cm x 3cm cells in HCal) 50 GeV Charged Pions (3cm x 3cm cells in HCal)

No. of hits above 0.25MIP No. of hits above 0.25MIP
5007 S00T
4807 48071
4607 40T
4407 440 T
420 4201
400 4007
380 380
3607 3607
340 3407
3207 3207
300 300
280 2807
260 2607
2407 2407
2207 2207
200 2007
180 1807
160 1607
Bats P e e i 1401
190 o LR gt s BT 120
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204

f f f f f 1 f 0 f f f f f f f
0.2 0.3 0.4 0.5 0.& 07 0.8 i : 00 j 0.2 0.3 04 0.5 0.6 0.7 0.8
fraction of energy deposited in cells with E > 10MIP fraction of energy deposited in cells with E > 10MIP




Compensation




After semi-digital treatment

50 GeV Charged Pions 50 GeV Charged Pions

No. of hits above 6*MIP Mo, of hits above 10*MIP
1507 1001
1401 2
POT
1307 g5
807
757
70
657
607
557
50
457
407
357
307
257
201
157
107

.

f f f f f 0 . } } } } }
200 250 300 350 400 0 200 250 300 350 400
Total No. of hits (above 0.25*MIP) Total No. of hits (above 0.25¥MIP)




Single Particle Resolution (50 GeV)

Live Energy in HCal for 50GeV Charged Pions

hLiv
Entries : 2500
OutOfRange : 0
Mean: 1.3871
Rms: 0.24287

IGaussian uncmin fit
amplitude : 156.68
mean: 1.4363

sigma: 0.14475

No. of Hits in HCal for 50 GeV Charged Pions

hNumH
Entries : 2500
OutOfRange : 0
Mean: 446.88
Rms : 69.453

iGaussian uncmin fit
amplitude : 218.05
mean: 459.98

sigma : 42141




Similar treatment to 10 GeV....

Live Energy in HCal for 10GeV charged pions

hLiv

Entries : 2500
OutOfRange: 0
Mean: 0.27282
Rms: 0.058080

|Gaussian uncmin fit
amplitude : 480.22
mean: 0.27299
sigma : 0.049848

MNo. of Hits in HCal for 10GeV charged pions

hNumH

Entries : 2500
OutOfRange: 0
Mean: 108.32
Rms : 18.448

Gaussian uncmin fit
amplitude : 542.97
mean: 108.24
sigma : 17.738

T
1.2

E (GeV)




Single particle resolutions

Ana l(}g /

1-bit readout (3cmm x 3cm tile)

Z2-bit readout {(3cm x 3cm tile)
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TOoF dependence

w
e
<
=
=
o
95
5]
[
[
(@
o
=
=]
[

100nsec/5usec




w
j
o
=
=
o
w
(5]
[
[
(@]
o
=
=]
[

xtalk (10%b )/no-xtalk




O
ol
©
m
=
O
N
&
O
—
X
=
O
—

H10GeV

W 50GeV
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Gas Vvs. scintillator

oue

oo so

o o nageeos

a0u0osd oQon OO0 o Osd @O o

o0 o o Oooodoso ssdo0oo oooo maag
noco 00 o OoO0oDo0 o0 © o o000 @
oQpooopmopoool OO0 OOSe o Qoo o
sooD noooOon sonooono[jaOnnd O
OOspoQs O soosQ o

o ] ooo

aan O om om one nos  ooeon n an
2 BOQeaNboanaOnas sBoassce B 0 O Oas 2 oa

©000oe=0 OO0 o ooOsOoOc0o o OOcousD oO0 cooO0afsacsfos=ooed afs o

O Dosn ssppoosooooo O o0oO000sopscoOafaoeson sopsOesa sas

=00 seoons no0o =os (OQOQO0O==0000=0Q000Q0==000 =ass
nOunn o pon g nooon aoonn as oas  omo O

agm=n =0 S w e

[ histos_pi-gas-1cm2_10gev.aida
M histos-pi-gas-1cm2-30gev.aida
M histos_pi-gas-1cm2_50gev.aida

histos-pi-gas-1cm2-10gev.aida
Entries : 1000
OutOfRange : o
XMean : 0.58785
XRms : 0.29609
YMean : 86.313
YRms : 14.501

histos-pi-gas-1cm2-30gev.aida
Entries : 1000
OutOfRange : o
XMean : 0.66538
XRms : 0.23746
YMean : 233.08
~Rms : 31.835

histos-pi-gas-1cm2-50gev.aida
Entries : 100D
OutOfRange : | .. 0
KMean : ° ,,0-89528
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I histos-scint-1cm2-10gev.aida
I histos-scint-1cm2-30gev.aida
Il histos-scint-1cm2-50gev.aida

histos-scint-1cm2-10gev.aida
Entries : 1000
OutOfRange : 1]
XMean : 0.26100
XRms : 0.11482
YhMean : 121.74
YRms : 19.561

histos-scint-1cm2-30gev.aida
Entries : 999
OutOfRange : 1
XMean : 0.34167
XRms : 0.090600
YMean : 338.90
YRms : 37.927

histos-scint-1cm2-50gev.aida
Entries : 1000
OutOfRange : 1]
0.37839
0.089492
537.42
61.332




Single particle resolutions

o i

Scint (1cm x 1cm)

Scint (3cm x 3cm)

Gas (1lcm x 1cm)
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Non-linearity




i » Need a hierarchy in the absence of an
energy measurement

e Clumpiness of the surrounding

e A simple-minded realization of this
used here:

d. = X (1/dR;j) where dR; Iis the
angular
distance between cell ‘I’ and cell
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Density vs. E
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Gas (1cm x 1em) Scint (1cm x 1cm) Scint (3cm x 3cm)




Width Definition




Distance to Farthest Cell

50 GeV Charged Pions in Gas Geom1 HCal 50 GeV Charged Pions in Scint HCal

Entries : a3 Entries : 1000
OutOfRange : 0 OutOfRange : 0
Iean : 0.73488 Iean: 1.1994
Rms : 0.63850 Rms: 1.0199

i . Mﬁmﬂ% |
T T T T 1
1.5 2.0 2.5 3.0 3.5

dRmax dRmax




Density of Farthest Cell

50 GeV Charged Pions in Gas Geom1 HCal 50 GeV Charged Pion in Scint HCal

Entries : f=i=l5} Entries : 1000
OutOfRange : 2 OutOfRange : 0
Mean : 18238 Mean : 0.35000
Rms: 1.0000 Rms: 0.92000

3 4 5 & 3 4 5
Density of dRmax cell Density of dRmax cell




Distance to Farthest Cell

50 GeV Charged Pion in Gas Geom2 HCal 50 GeV Charged Pion in Scint HCal

Entries : oog Entries : 1000
OutOfRange : 0 OutOfRange : 0
Mean : 0.52633 Mean: 1.1994
Rz : 0.B5606 Rms: 1.0199

Bsoo oo bbb, ik
20 25 3.0

1.0 1.5
dRmax dRmax




Density of Farthest Cell

50 GeV Charged Pion in Gas Geom2 HCal 50 GeV Charged Pion in Scint HCal

Entries : oog Entries : 1000
OutOfRange : 0 OutOfRange : 0
Mean : 0.69639 Mean : 0.35000
Rms: 1.2001 Rms: 0.92000

3 4 5 3 4 5
Density of dRmax cell Density of dRmax cell




Backscatter

XY Position of Hits in a 50GeV Charged Pion Event

Y (cm)

X (cm)




Shower Width for 10GeV r*

10GeV Charged Pions 10GeV Charged Pions 10GeV Charged Pions

l 5mm Scintillator B 5mm Scintillator l 5mm Scintillator
W 5mm Gas smm Gas M 5mm Gas
B 1m Gas 1mm Gas M 1mm Gas

T
0.1
Energy Weighted Angular Width Density Weighted Angular Width




Shower Width for 50GeV r*

50GeV Charged Pions 50GeV Charged Pions 50GeV Charged Pions

Smm Scintillator B 5mm Scintillator Smm Scintillator
Smim Gas M 5mm Gas Smm Gas
B 1mm Gas [ B 1mm Gas B 1mm Gas

iyl ko ' (il ] ’ phlad 4 [l e

T T
0.2 0.3 : : : : ; i ; 0.1 0.2
Angular Width Angular Width Angular Width




m* Angular Width

Q

Angular Width

Tnweolghtod

Beimtiliator

Gan (Geoml))

Gan (Geomik)
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m* Angular Width
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m* Angular Width

2

Deompity Weighted

Angular Width

Beimtillator»

Gas (Geomil)

Glas (Geomi2])




CcComments




e Local ‘density’ maxima based
clustering seems to work

e Alternative to track initiated clustering

| e Can be used in the ECal and HCal

e Full PFlow implementation has shown
encouraging results
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