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Combined Test Beam: setup
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A full slice of the ATLAS experiment has been tested with beams of different particles
(m’s, u's, v, electrons and protons), at different energies (1-350 GeV) and polarities.

Inner Detector: 3 layers of Pixel, 4 layers of SCT and 2 modules-barrel slice of TRT
IBarrel EM and HAD calorimeter: 2 barrel modules of EM LAr calo and 3 barrel
modules of HAD TileCal + 3 extended barrel modules of HAD calo

JMuon spectrometer:
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Physics sample

events from 1 to 9 GeV at eta=0.35, with Calo info (LAr+Tile) and
the tracks info from TRT only (pixels have problems)

100 k events for each point

Mixture of e, m and
Reconstruction with release 9.1.1

Separate the different kind of particles
Evaluate the fraction of e, m and
Apply clustering algorithms

Ntuples were generated by Vincent with the default values of RecExTB:

castor/cern.ch/atlas/ctb/test/real _data/reconstruction/Combined/

Energy #Run

1 GeV 2101077
2 GeV 2101078
3 GeV 2101079

Energy #Run

4 GeV 2101080
5 GeV 2101047
6 GeV 2101084

Energy #Run

7 GeV 2101085
8 GeV 2101048
9 GeV 2101049
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Energy Reconstruction

Level of noise per cell

m E = Sum of cells with Groic= iN MeV
|[Ecell| >cpedestal Presampler 60 for eta < 1.4

Front 32

Middle 60

Back 70

TileCal A 25

TileCal BC 25

TileCal D 25

m Only cells in a small volume around the beam axis
TECOI'IS"UCTIOH volume

AL ]_I’.LI; | Q.7

For LAr
0.25<n <045
-0.15< 9 <0.15
For TileCal
0.20 <n<0.50
(cells A3, A4 A5, BC3, BC4, BC5 D1, D2)

Because the hadronic shower is wider than the electronic one,
and the most of the deposition comes from pions in Tile.
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Beam definition
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The Electron sample

~lectrons are selected requesting:
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AsADC C2>650 Cherenkov2 counter

Energy in GeV | Events with 1 track | Electrons
1 82 k 1.8 k
2 78 k 7.7k
3 74 k 14 k
4 65 k 13k
5 31k 21k
6 66 k 28k
7 64 k 29k
8 56 k 29k
9 63 k 34k

14
E in GeV
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Separate pions from muons

Both are:
d sADC C2<650 Cherenkov2 counter
cut

L nHL<=2 number of high-level hits
First method: using sample D as a muon veto

| Energy in sample D | Erria —

Assuming that only muons can reach -

1800 RMS 0.3012
Un

sample D and & signal is only coming
from pedestal, we put the cut: 1400

1200

derflow 0
Overflow

E <0.15 GeV

sample D

1000

ESampleD < 0.15 GeV 800

600

400

200

ADVANTAGE: method very efficient and Ly
easy to reproduce with MC
DISADVANTAGE: we can reject pions that reach the sample D, getting a bias.

In order to avoid it, different strategies are followed depending on ET:
a) below 6 GeV : using TileCal last sample as a muon veto. It is supposed that
there is no ET in Sample D from pions (only pedestal)

b) above 6 GeV : use another method—-> longitudinal profile in Tilecal




Second method: Using the longitudinal profile

Using the fact tha muons leave their ET uniformly (normalizing by the path lenght)

Sample| Depth | D(Sample)/ D(Tot)
: A 30 cm 0,19
E «cpath in matter 3C | 84 cm 054
D 42 cm 0,27
Total [156 cm
. .y . ESam leA ESam le B(? ES@WPEED
For E;>6GeV, different conditions are applied to ~&,,. .~ .., and ~ Eg,,
Br | gt =aa | SpREC Sape | g =ap
7GeV [[00<24<01]015<zc<045| |zp|>0.05
8 GeV || 0.0 <z4<0.1]020 <zpc<040 ]| |zp|>0.05
9 GeV || 0.0 <z4<0.1[0.22 <zpc<0.37 lzp| > 0.05
[ Eample WE Vil {7 el i ;EFT"_ [TESampk BEE T oV § ?ﬁr_._.j!srrn [ Esamgle B Tik i7 Gev) 1 )
1mnri_ , 1 1] l
\__J :a:_ }\—H K it J
0.0 < Esanplen."‘ETiIE <0.1 0.15< Es;ampleBl::I ETilna <045 |Esanple[)"r ETiIel = 0.05



Number of Particles
Er Total Electrons Pions Muons

particles | particles || # in LAr | (%) | # in LAr | (%) | # in LAr | (%)
9 GeV 50599 31618 62.48 2687 5.31 779 1.54
8 GeV 49948 30521 61.10 1983 3.97 1404 2.81
7 GeV 51150 27318 53.40 1459 2.85 3279 6.41
6 GeV 53440 26988 50.50 1098 2.05 5878 11.00
5 GeV 55173 22475 40.73 651 1.18 8914 16.16
4 GeV 58233 58233 23.70 176 0.30 14668 25.18
3 GeV 59870 12131 20.26 227 0.38 15902 26.56
2 GeV 62625 6753 10.50 96 0.15 19581 31.27
1 GeV 65711 1918 2.92 71 0.11 23614 35.94

For electrons, the conditions used seems to be good to select them, and they
decreases at lower E; at the same time that increase the muon contamination.

JPions in LAr also decrase at smaller E-. In TileCa, it is more difficult to select them
due to the large contamination of high energy muons, coming from the high E line.




- The contamination of muons increase when E decreases
—>The number of electrons and pions decrease at low energies

In LAr

O total

O electrons
B muons
H pions

Total Energy in LAr (9 GeV) EN_[Ar_iot [__Total Energy in LAr (8 GeV) EN_LAr_tot Tolal Energy in LAr (7 GeV) EN_LAr_tot
Entries Se888 Entries CE243 4000 Entries 63871
3000 [ Mean 1.152e+04 3000 = Mean 1.027e+04 F Mean 7985
o AMS 2794 - RMS 2612 = RMS 2644
o o 3500
2500 [— 2500 |- o
C - 3000 [
2000 [ 2000 [ 2500
1500 1500 2000 [
- - 1500
1000 [— 1000 [ o
o F 1000 -
| = 500|— 500
ol ok ok
[] 14000 16000 0 10000 12000 14000 16000 0 6000 ©000 10000 12000 14000 16000
E in Me F in Ma\/ E in MeV
[ Total Enerw in LAr (6 GeV) EN_LAr_tot | Total Enerw inLAr (5 GeV) EN_LAr_tot Total Energy in LAr (4 GeV) [ EN LAr ot
Entries [=== Entries 5173 Entries SEZaa
Ao000 - Mean TO43 C Mean E759 F Mean 4700
F RMS 2342 2000 - RMS 2102 4000 RMS 1552
el = 1800 3500
3000~ 1800 E =
E 1400 [ E
2500 F F
E 1200 | 2500 =
2000 1000 - 2000 [
1500 800 — 1500 -
1000 so0E- 1000 |
3 4| = E
500 - o =
5 200 F 500 E
ok 1= oE
1] 10000 12000 14000 16000 [] 10000 12000 14000 16000 0 8000 10000 12000 14000 16000
E in MeV E in MeV E in MeV
Jotal Energy in LAr (3 GeV) ER_LAr_fot [_Total Energy in LAr (2 GeV) EN CA ot Total Energy in LAr (1 GeV) 1 EN_CAr_fot
- Enties 74857 e Enties  B2116 |
o ;‘;"S" ‘ﬁs;’ oo Mean 2063, E Mean 2808
- - RMS 899.3 - RMS 845
5000 [ o $000 =
g 6000 — 7000 [—
4000 [— F E
- 5000 [ 6000
3000 [ 4000 [ 5000 -
r 3000 - o =3
2000 [— o =
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: 2000 [ E
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E in MeV o 2000 4000 6000 8000 10000 12000 14']['15 i:?ﬂg& 0 2000 4000 6000 8000 10000 12000 14000 16000

E in MeV
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Clustering info in CBT ntuples

- . clusters from the sliding window algorithm

- : clusters from an algorithm used in previous test beam. It
has been added to allow comparison. It's a window of 3x3 cells.

Emclusters and tbemclusters use only cells from the LAr calorimeter.

0 : sliding window clusters but they are done on towers
(larg+tile) and not anymore on cells. It is not working for the moment
because of a coordinate problem between LAr and Tile.

LAr is shifted with respect to Tile by "half module" :
m TileCal has just 3 modules -0.15 < eta < +0.15
m LArhas-0.2 <eta<0.2,
i.e. there are 3 slices with A¢=0.1 in Tile and 4 slices in LAr, shifted by half of the slice

B : Finds a seed cell, then cluster
expands by checking energy in neighboring cells. Thresholds for defining

seed and including neighbors can be changed. The default values are:
seed threshold is E/o, >0

neighbor threshold is E/ 0, .. .>3
(Hadronic TopoCluster is the sum of Topo EM and Topo_Tile)
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e- in Lar: Energy distribution

For electrons at 9 GeV

| ET SlidingW cluster EM (9 GeV electron) Fciuster EM elect |___ET SlidingW cluster TB EM(9 GeV electron) fror_TB_EM_slect
2000 = Entrles 31585 Entrles 31607
o Mean 9125 1800 [ Mean 8491
1800 |- RMS 7708 £ RMS 8245
s ¥/ ndt 3g2/98 1600 %2/ ndt 393.3/95
1600 Constant 1879 +13.54 C Constant 1762 + 12.46
- Mean 9134+ 4.05 1400 [ Mean 8515 £ 4.407
et Sigma 689.1 +2.999 £ Sigma 756.2 +3.196
= 1200
1200 E
1000 E_ 1000 3
800 800 [
600 600
400 |- 400 [
200 |- 200 |~
ok I R Allnnodl g L ok
0 2000 4000 6000 8000 10000 12000 14000 0 2000 4000 6000 8000 10000 12000 14000
etcluster Sliding Window EM electron etcluster Sliding Window TE EM electron
ET Topocluster LAr (9 GeV electron) | sicluster_topo_EM_slect
Entries 31614
[ Mean 9110
1400 — RMS 987.7
C %2/ ndt 170.8 / 100
1200 [_ Constant 1411+ 1003
B Mean 9119+ 5377
C B8t4
1000 E- Sigma 951.8+4.124
800 [
s00 —>For electron it seems as the cuts on TRT
a00 |- works good
200 [—
ol PRI BT TR N
0 2000 4000 6000 8000 10000 12000 14000

etcluster_topo_EM electron
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e  In LAr: Number of Clusters

Fr # particles # Clusters
particles || electrons SW cluster | SW_TB cluster | Topo_EM cluster —~#particles and
9 GeV 31618 31585 31607 31614 #cluster is very similar
8 GeV 30521 30475 30506 30514 - #clusters is very
7 GeV 27318 27252 27303 27292 similar between them
6 GeV 26988 26878 26969 26961 for each ET value.
5 GeV 292475 21689 29446 292464
4 GeV 58233 10994 13751 13670
3 GeV 12131 2292 11869 11472
2 GeV 675H3 — H&H3 4574 #clusters is very low
1 GeV 1918 — 1093 482
%5000
;%.)000 B
25000 |
20000 TR - #clusters defined
#5000 Cluster with TOPO_EM increase with the energy.
10000
5000
0 | | | |

1 2 3 4 5 6 7 8 9
Energy (GeV)

(*) There is a cut (E>2 GeV) in this algorithm by definition
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e  In LAr: Resolutions

—In general, the E resolution is better when E increases

E resolution

SW SW TB | TOPO EM

9GeV | 7.57 8.92 10.48
8 GeV | 8.51 10.04 11.64
7GeV | 7.85 6.93 8.51

6GeV | 8.83 7.81 9.62

5GeV | 13.07 | 1547 17.34
4GeV | 11.04 | 1147 14.78
3GeV | 959 (*) | 14.38 20.39
2GeV | —(*) | 20.51 34.99
1GeV | —(*) | 80.75 48.38

80 F
Cluster with SW
60 Cluster with TOPO_EM
40
20 |
p————n ____....--l———_!
0 | | | | | I | |

1 2 3 4 5 6 7 8 9
Energy (GeV)

E resolution slightly better than it's expected, WHY?
Maybe problems in the reconstruction chain

- The best resolution is for SW, but all the algo present very similar results.

—->TOPO obtain the worst resolutions
—>maybe it will be needed to change the thresholds for seed and neighbor cells.
—>In my previous analysis of clustering in VLE in simulation: the best resolution with
seed threshold E/onoise>4 and neighbor threshold E/ onoise>2
(but they have been done without noise and pile-up)

(*) There is a cut (E>2 GeV) in this algorithm by definition



Improvement in the resolution of electrons

New release of Athena is used:

JOptimal Filtering is applied in LAr signal
JProblems in the reconstruction chain have been solved.

Only samples with 9, 7, 5 and 3 GeV have been posible to generate

Now the TopoCluster is the global cluster for Lar+Tile calo:”super3D”, as well as
new values are used for the thresholds:

- seed threshold is E /o450 > 4

- neighbor threshold is |E /o, 4| > 3

—->There is a importan improvement
of the resolution

B Energy resolution
particles | SW cluster | SW_TB cluster | Topo cluster
9 GeV 4.81 4.41 5.04
7 GeV ¥ 4.62 5.46
h GeV 6.61 2.97 6.90
3 GeV — 8.67 10.15

—->The values are of the order that are expected for VLE particles
(Calorimeter Performance n's at 9GeV ~4-5%)
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Results for pions and muons

Er # particles # TopoClusters Er I resolTopoClusters
particles || Pions | Muons || Pions | Muons particles || Pions | Muons
9 GeV 5089 2551 5019 2481 9 GeV 21.05 _
7 GeV 3194 | 5170 3109 5120 —
) 21. 10.19
5Gev || 1077 | 8723 | 1018 | 8673 g gpg = ?g e
3GeV | 344 | 13562 || 291 | 13546 c : i
3 GeV 27.86 - 16.65

Results are very difficult to interpert, because there is still a mixing of u's and n’s
at energies above 7 GeV

| Pion Energy in LAr and Tile (9 GeV) |

EN_CALO_pion
Entries 7586

250

200

50

0
0

Mean 3048

RMS 2455

2000 4000 6000 8000 10000 12000 14000 16000

Pion_en_CALO

[Muon Energy in LAr and Tile (9 GeV) |

140

120

100

40

Eniriez 2551

20f-

2000 4000 6000 8000 10000 12000 14000 16000
M _CALO

Mean 4688
AMS 2591
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New method to separate u's and n’s
Third method: using MDT information

Using the variable nMDTdig
to count the number of hits
in the different MDT stations

We can assume that events with more
than 8 digits in a MDT stations are
muons (because we have 8 plans
tubes per station)




Station Eta region Cut to remove muons

0 Number of hits < 8

BIL 1 No difference between p and e-
2 Number of hits < 6

BML 1 No difference between |1 and e-
2 Number of hits < 6

BOL 1 No difference between g and e-
2 Number of hits < 6

EIL 1 No difference between p and e-

EIS 1 No difference between |1 and e-

EML 2 Number of hits < &

EMS 2 No difference between 4 and e-

EOL 3 Number of hits < 6

EOS 5! No difference between p and e-

After applying these cuts, the correct separation of ©’s from p’s above 7 GeV it's possible

| _Pion Eneray in LA and Tile 7 GeV) | SO [_Muon Energy in LAv and Tike (7GeV) ] e

an Maan 3564 Mgan 2091
RIS 1633 350 RMS 1378

70
300

60
250

al
200
&0

130

30

20 100

50

PG S I iy Tl SO [0 (e R ool (OO T pll (L "
4000 6000 2000 o000 12000 TE000 TE000 U 4000 B000 8000 70000 12000 12000 TRO00
Flon_an_CALO Muon_en_CALO




Er # particles # TopoClusters
particles || Pions | Muons || Pions | Muons S#TopoClusters il
0 GeV || 2663 | 700 || 2638 | 697 OPOLILISISIS 1S VETy simiiar o
#particles, so the clustering method
7 GeV 1661 3226 1636 3204 seems to works well.
5 GeV 572 7822 548 7796
3 GeV 278 12671 249 12857
Er E7 resolution (Topo)
particles || Pions Muons
The resolution from w’s is rather similar,
nevertheless the most important results 9 GeV 21.15 6.54
is the improvement in resolution for p'’s. 7 GeV 22.42 7.13
5 GeV 23.08 9.45
3 GeV 30.30 15.05

e For Fpean > 7 GeV, the use of MDT cuts to reject muons is more
satisfactory than using a cut on TileCal last sample (No bias).

e For energies bellow 7 GeV, there are too much muons, and the cut on
the 3rd TileCal sample is justified here (negligible energy expected for
pions)
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Conclusions

m [he reconstruction of very low energy particles it's possible with the tools
available in the reconstruction package for the Combined TestBeam
iInside Athena.

m For the recostruction of 1-9 GeV e-, the two Sliding Windows algo are
usefull, and the Topocluster results are very competivie with them. The
energy resolutions obtained are of the order that it is expected

Nevertheles, it will be necessary to apply some changes in the ET thresholds
of SW to can apply them at 1-3 GeV e.m. particles

m The reconstruction of n's and u’s, first nedeed of a very accuracy
separation of them. We conclude to use the muon veto
(Esamplen<0-15GeV) for E<6GeV and the MDT cuts for larger energies.

The values of E resolutions obtained are inside the expected ones.

However, it will be interesting a tunning work to adapt the E threshold more
properly to VLE particles (as in the previous simulation analysis)



