Detectors

ATLAS Tracking

loN centric view

lat
LPCC Simulation Workshop - 18/03/2014
Andreas Salzburger (CERN)

- d Slmu

‘N1

s o
N\ AL
Vi

AFCKIN

o o #
l } ) l“
/

D)

|

0s.ch

01

o~ —



A
i
{
{
{
{
{
i
{
f
E
i
¢
[
E

£

@
D_Q?. .-Q:. ® 00000000060 0.0
e 6.0 0.0 .0.0.0.0.0.0.0 0.\
Q‘O ® 0000606000 00

N ® © . 0.0 0.0 0 0 0.

L. ® 0 00000 0 0 0
N ®© . 0. 0.0 0.6 00
® 00060 06 0 0.1
® ® 06000 0 0600
>0 0006060 060
® 000000600
® 00000600
® 0060 0 0600

4

[

4
o
R
&
=

4
@
£
®

> @

e o

e & 0 0 0 6~

o
)
‘O
.o
a

[

b
ez
@

@
B
~

w
o
@
® 00660606 0 00
®
]

® 000000 0/

@ N

®
L4
® 00 ... ® ® 0 0 /
7 ®© ®© 0 0 0.. ® ® 0 9
> ® 0. 0.0 0.0 0.0 0 00
®
®
®
@

N ® 0 0 00

Y
®

-
P e evw 00000060006 06 00

®

@

P © 6 060060 060 00 .:Q ® 000
&
@
®

@
@
P © 0 0 0:. ® 0000 0.0
&
®

®
N ®© © 0 0 00

P © © 0 060 000 0 0 0_4
P © 6. 0606 0 060 0 0 0_,

® 0.0 00

® 0 00

® 0000 00
> ®© © 0 00

| o N _-_ AT _— _— _— . - i _—

(
(
(
(
(
(
(
{
(
(
(




Sillcon detectors

» Simulation

- passage of particle through silicon
- charge deposition
- knock-out electrons

Geant4 Fatras

> Digitization
'(i;é'f'eri"[i'éﬁé'l'e") ............
- channel cross talk
- NOIse
- read-out emulation
- for fast MC chain:
a fast digitization prototype

differences need to evaluated
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Cluster properties (1)

> Unresolved mystery of mis-matching
cluster size in the pixels

- seen throughout Run-1

- affects also residuals since neural network
clustering exploits this information

> Charge modelling good
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Cluster properties ()

> Simulation does model the long tail in the cluster size well
- very large cluster sizes come from very shallow™ angles or loopers
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*particles traversing at almost O incident angle can also create disjoint clusters, since the probability of falling below
threshold becomes higher.



> Neural network based cluster splitter

- reduces number of shared hits in dense jet cores efficiently by factor 3
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> Delta-ray rate measurement in SCT

- using template fit to residual distribution (ATLAS-CONF-2013-005)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2013-005/

—esiduals (1)

> Neural network based residual calculation (together with pixel cluster splitter)

- less than 10 pm residuals for isolated muons from Z boson
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- small misalignment component still present ( ~2 um )
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—esiduals (2)
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—UN-2 preparations

> 25/50 ns needs recalibration of many
detector components

- e.g. adjustment of readout validity gate
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1R Detector

» Simulation:

- local entry/exit into straw

- for full simulation:
dedicated transition radiation model

(emulated directly from measured
high threshold probability in fast
simulation)

> Digitization:
- charge drift to wire

- time over threshold emulation

- for fast MC chain:
a fast digitization prototype

A. Salzburger - LPCC Simulation Workshop - 18/03/2014

Geant4

Fatras

11



—Resaluals

» TRT (barrel) residuals in data slightly narrower than in simulation

Hits on tracks / 22 um
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end-cap slightly better
described, might needs some
more refined digitisation model.
Data has individual straw
calibration with threshold setting
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Uriit measurement properties

> Straw efficiency in the TRT well described

- u from Z used

- stable modelling vs. pile-up
- well modelled in all detector regions
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> High threshold hit probability used as an input for particle identification

- stems mainly from transition radiation (TR)
- U are used for tuning of the HT probability for particles which almost no TR

- electron performance tuned to observed HT probabillity rates in data
(initial yield in MC was higher)
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> Precision tracking detector at large radii E  Fq -
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> Muon background modelling in high pile-up run

- data is from 2012 high pile up run 206725 with <u> of 52 and dedicated MC
- study to show the background contribution in the MS in high luminosity scenarios
- MC has no cavern background information ( -> talk of Jochen )
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Nteraction with matter look how we started in 2009

g = . Simuaton =
> Material description of the detector z 3 sermesrrros

- ATLAS refined the simulation detector description § :

(in particular for ID) throughout Run-1 °

- photon-conversions,
residuals measurements,

Ks mass, hadronic interactions g

- material between last ID measurement 5
and calorimeter measured by longitudinal P
shower shape comparisons ( -> Marco ) S | | "

- none of the techniques could gzoozm.m.nwwwmlm-Imw-rqc o
be more accurate than 5%, E. 150l b i Lm:s;:;fj E
relates to about 2% of generic > | M, 8
track reconstruction uncertainty 1°°__ EL -

50/ 4 3] $

- shifted beam pipe, O Fa e -hd
corrected in simulation 5o E E
- revealed cooling fluid description 00k § E
problem - 5 -
TOATLAS :
preliminarxlmllml““l““l““l““:

20906 -150 100 50 0 50 100 150 200 |

X [mm]
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http://cds.cern.ch/record/1309943/files/CERN-THESIS-2010-163.pdf
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~utting It all together: tracks

> Building tracks in the Inner Detector

x10°
WWWW
- ATLAS Preliminary ~+Data 2012 °
- ! Simulation °

[ LS L ps ] L3 T L3 l'
- ATLAS Preliminary +Data 2012 -

» 1 [ v T Ll l L4 T T l’ L -

_ ATLAS Preliminary +Data 2012 _
I Simulation

L
=5
ry
o

'

-

S N &
o
S 8 3 3
S & & &

Number of Pixel hits
oS
(@]
Number of SCT hits
=)
|
|
Number of tracks/mm

w
(3}

600/

400

w

| RSN T BN R RN A R T

N
3}

200"

1 15 2

-2 0 2
n d. Imml
> Excellent description of the hit statistics s -
1503
N
- needs correct modelling of the inactive channels, 100
beam-spot

> Good description of resolution

- little biases left from random module mis-alignment 2 100

; -150
25 2 15 41 05 0 05 1 156 2 25
n
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utting 1t all together: vertices

. . € 1= ATLAS: Preliminary:: —e— Data 2012, Random Trigger=

> Vertex reconstruction increasingly E ; s=8TeV E

important with pi|e-up during Run-1 § IO e e Minimen Bias Simulation. —
- excellent resolution description by 8
simulation >

PR PV RNT  UN VN RN U U S U VU W (U T U U [ S S " |
g ¥ ¥ ¥ ¥

. ——
s oo oo “+++++T++++
= e b S Dl L PR PR
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3 - ATHAS  Preliminary - Number of Tracks
oa-_; 14? \s=7TeV —
= e m . -y
5 12f - > Pile-up description well understood
@ - .
g 10F <4 - effects from shadowing/merging/
6 —e— Data 2011 -
4:_ —— Simulation _f
Q josE + _____ TS > Important for simulation:
8 B R B - correct modelling of beam spot and
Y — T —
S 10 15 20 25 30
u
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—IgN plle-up preparation

a 900;_3_ ™ I 2 pa ryvrrJ]1rfrrrJ]Trry I ™ _t

X - .= .

- Simulation is the only(*) tool to & 800f- \“.‘ST_’;A;VP:';’"_'”;V b
. . . — 700'—_ | = ) - _:

prepare for upcoming high pile-up > "F 4~ Data 2011, Defau $
- 'g 600¢ —¢— Simulation, Default $$ e E

- was used extensively for the 2012 5 5005 4 Data 2011, Robus $$$ ‘ﬁ,;bﬁ‘ E
. . < - ’ a gk 3

data taking preparation V 400F. —d— Simulation, Robust &#‘ %;M :
300f- =
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100F o :
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also heavy ion data gives opportunity to prepare for very high pile-up
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Combined L reconstruction

- AR AeaANMREBaaasasaacARSeS panns R s

s__;) Eg.. auwmuugea.‘a, ¥ QWU DQ evvesy, ..;3
> Di-muon resonances gave a great 2 09 ~
testbed to calibrate the ID & MS 0.8} 2 r
during Run-1 0.7} ATLAS Preliminary
. . 3 P> 20 GeV Chain 1, CB Muons s
- data/MC scale factors fitted using 0.6/ e Data2012  —
/Z and J/Psi data set 0. 5:_ j[_ dt=2041" \s=8 Te?/ —&— MC _:
2 1.02F . ' -
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n
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& 600} [ ] Uncorrected simulation 15=8TeV o .3 [ [ Corrected simulation 1s=8TeV e
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D & Ms momentum scale

> Scale uncertainties measured from data/MC differences and@and J/Psi

S 1.005 grrrrrr e e ég 1.01?"-"'1'“*;7:'7'7".'.'.
T 1.004E ID tracks ATLAS Preliminary 1.008F- ATLAS Preliminary Chain 1, CB muons
o = () syst @ stat uncertainty s -8 TeV = e - _Data 2012, 1s=8 TeV o Zup
G 1.003F nominal correction = 3 1.006 oY
(&) - jL=20.41b’ = = - J.L=20.4fb" oY - uu
§ 1.0025— = 1.004:— A Jy -
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1E- . T 3 - . ook
g 0.999F — . e E o.gggz —+_
< 0998 _——IfH—‘_‘ L—d |3 0.996F
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n
> Not fully understood resolution a1
: > - | .
Q = ID tracks ATLAS Prelimina (
uncertalnty for ID traCkS O, 0.6 [ syst @ statuncertainty s =8 TeV -
-g = nominal correction IL B’ =
. : = = 20.4 =
- MC needs additional smearing oy :
to describe the data 0.4 o |
- many sources possible for this: 0.3F = | 3
ahgnment weak mode, clustering, 0.2EH - . FE', =
material ] H
0.1 —
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Higher level reconstruction objects

tau-reconstruction calbration

> very good description data

through full (Geant4), fast (AF2) 6000
and embedding technique

achieved

1.1

b-jet efficiency scale factor

0.8j

1.2 ™
" ATLAS Preliminary j Ldt=203fb"

[:]tiPDFﬂotenon
® {1 PDF (stat. error)

MV1, €, = 70%

|

\s=8TeV

?—+—+Ho++++—+——“
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1 using di-leptonic tt events

- requiring both b quarks to decay semi-leptonically

- event-based b-tagging calibration using a PDF
combining flavour correlations

- reduces uncertainties on data/MC scale factors to
2% at around 100 GeV jet pr
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summary

* Run-1 performance is very well understood

- description of data through simulation in general very well
- few puzzles still to resolve:
understanding those will help to start-off from a even better ground in Run-2

* Run-2 will bring different challenges

- different data conditions

- new fast detector simulation needed to cope with the MC demands

- detector ageing effects will increase

- these will make data/MC comparisons even more tricky to understand
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—UN-2 preparations

> 0.25}(‘1’0;31'”'1'*”l””l””lf”*l*'l’w”ﬂi—_

- Description & simulation of new detector & [ AT-AS Preliminay n :
Q 0.2 Pixel Detector PR .

- Insertable B-layer in Inner Detector © - 25 s - -
- Additional/complete muon chambers 0.15[- -
0.1+ s .

> Preparing for 25 ns bunch crossing S ]
- using special 25 ns run from 2012 OB -
- dedicated Monte Carlo with matching A T T T T T
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