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Complex detector systems
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Signal processing on detector

'y

voltage

Each detector element (pixel/strip/crystal/wire)
@ measure voltage or ¥ charge
@ pedestal suppression
@ analog, binary or Time-over-threshold

Each structure (module/chamber)
o format and send data

@ compression - clustering
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Tracking
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Zoom on interaction point:

ATLAS 2017-08-12 03:36:

ML_332720_651168245 ev:651168245 Atlantis
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on the primary vertex:

ATLAS 2017-08-12 03:36:12 CEST source:JiveXML_332720_651168245 run:332720 ev:651168245 lumiBlock:203 Atlantis

Z(cm)




Physics objects
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Simple objects:

@ track
@ calorimeter cluster
@ muon segment

— Combined objects:

@ electron = calo cluster + track
@ photon = ECAL cluster + no track or e~ e™ pair - conversion
o proton = HCAL cluster + track

— Complicated objects:

@ jets = big calo cluster + tracks

@ b-jets - often contain muon or electron

o 7 leptons - decay to hadrons (jets), muons or electrons
@ v - computed from missing energy and momentum
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Data format after reconstruction

Event = all physics objects reconstructed in 1 LHC bunch crossing:

run 332720

event 651168245

trackO Px Py Pz Xpv ypv  Zpv  Npix nsct  NTRT

trackl Px Py Pz Xpv ypv  Zpv  Npix nscr  NTRT

mu0 Px Py Pz Xpv ypv  Zpv  Npix nscr - ntrt MS  nus
mul Px Py Pz Xpv ypv Zpvy npix nscr NTRT MS nus

gammal p« p, p. E

jet0 Px Py Pz Xpvy YPv  ZPv  Ntracks
Jetl pPx Py Pz Xpv YPV  ZPV  Ntracks
pT™ px Py Pz

PVO X y z Ntracks

PV1 X y z Ntracks
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Physics analysis

Example: strategy for H — v~

@ run simulations of H signal and background from SM

@ think about how to select candidates with high purity - e.g. cuts
- 2 7's in central region with E, > 20 GeV, no tracks close to them
- from simulation: should have at least 15% of real H bosons
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Example: strategy for H — ~~

o take data

@ remove events with bad quality (subdetectors OFF, unstable conditions)
@ select events containing particles in final state you want

@ wait and plot what you find...
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Example: strategy for H — ~~

'ATLAS Preliminary

"CLs Limits |

— Observed 4
--- Expected Ldt=1.0-1.2 fb"

W:1o s=7Tev ]
[t20 3
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m, [GeV]

o take data
@ remove events with bad quality (subdetectors OFF, unstable conditions)
@ select events containing particles in final state you want
@ wait and plot what you find...
@ ... summer 2011
2 L L L B FANL NN B H
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N r bl 5]
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Example: strategy for H — ~~

Events / 1 GeV

Data - Bkg model

Ina Carli (Charles University/CERN)

take data
remove events with bad quality (subdetectors OFF, unstable conditions)

wait and plot what you find...
. end of 2011 - is there an excess?

°
°
@ select events containing particles in final state you want
°
°

E B = F T g
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Example: strategy for H — ~~

o take data
@ remove events with bad quality (subdetectors OFF, unstable conditions)
@ select events containing particles in final state you want
@ wait and plot what you find...
o ... end of 2011 - ask CMS as well
b?; ATLAS + CMS Preliminary, \'s = 7 TeV | —a— oObserved
B Ly = 1.0-2.3 fb'Y/experiment [ Expected £ 1o
c 10 e O NYTE Expected £ 20
2 W LEP excluded
é H m Tevatron excluded
= LHC excluded
_I e — |
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RS N\
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Higgs boson mass (GeV/c?)
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Example: strategy for H — ~~
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take data
remove events with bad quality (subdetectors OFF, unstable conditions)

select events containing particles in final state you want
wait and plot what you find...
. summer 2012 - add more data

95% CL limit on o/,

[ e I |
Observed CL limit - SM H -, yy
5 eecedChinmt Data 2011, /5= 7 TeV, fL dt = 4.8 b’
-:I“” Data 2012, {s= 8 TeV, [L dt = 5.9 fb*
20 ata ,Vs=8TeV, [Ldt=5.
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Example: strategy for H — ~~
take data

°
@ remove events with bad quality (subdetectors OFF, unstable conditions)
@ select events containing particles in final state you want
@ wait and plot what you find...
@ ... summer 2012 - combine with ZZx — 4¢ and WW* — 2£2v channel
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B [ —Obs. Vs=7TeV: [Ldt=4.6-481" ] S 10: ....Exp, Vs=7TeV: [Ldt=4.6-4.81b"
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Example: strategy for H — ~~

@ announce discovery!
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Other analyses

Example: my analysis of B® — K*(Km)upu~ decay

@ very rare decay (1 of 107 B particles)
@ can indirectly observe new particles/interactions in loops

K0 W

Leptons from heavy quarks

Secondary vertex

;"a
Primary vertex/ Exclusive B meson decays
;'Wé
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B® — K*(Km)u"u~ selection, fitting, checks...

ATLAS analysis of By — K*u*u~
Dt JET—
020317, taken at /5 = 8 TeV in 2012
Reconstruction and seection
o preselcton: track pr. D his,min. 1 combined muon
o baseine: |1 < 2.5, m(K") = [846,946] MV, m(8) =
Pr() > 35 GV, (. K) = 05 GV

a final cuts: /7 > 12.75, pointing cos§ > 0.999, ?/ndf(B) <
Ppr(K*) >3 GV, |(m(B) — meosi m{ps) = mepa(J/ rm <130 Mev

[5150.5700] Mev

Monte Carlo datasets

Signal

Cenerstor

Frors
= )

By — K*j* i~ decay in SM

Differential decay rate (optimized)

1)

A
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1 T ERE
/a7 deosiideosts dodq® x| &
+ Ficos® f — Focos® O cos 2+ Sysin® g sin® B o526

4 S45in 20 sin 261 co8 6+ Ss.5in B sinfl s+ Sasin’ O cos

4 Sysin20csinrsin s+ So sin20c sin 20 sin -+ S sin® O sin” 0 sin 20|

o tigger - 15 most frequent triggers 2, 2w L s
@ control regions: J/1 (¢?= [3,11] GeV2), 1(2S) (%= [12,15] GeV?) T —Fu TIn-RY 5" )
o signal q?= [0.04,6] GeV? except of G region ¢7= [0.98.11] GeV? Phse= m v =]
o if > 1 candidate/event: candidate with higher o (K)/m(K") F
v wesmr—wre| [m——— T [ e —— o
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B® — K*(Km)u"u~ selection, fitting, checks.

ATLAS analysis of By — K*u*u~ Monte Carlo datasets By— K*u*yu~ decay in SM
Dataet JEp— Difrentia decay rte (optimize)
. b1, taken at /5 =8 TeV in Generator_| Dataset | Events.
o e R S S S 3 PO S )
Reconstruction and selection: dT/dq? dcosbd cosfx doda® 327 . £ . ’

o preselection: track pr, ID hits, min. 1 combined muon 4 Fucos® fh — F o B cos 20, + Sysin® i sin” B 0526
& baseline: 7| < 2.5, m(K") = (846, 946] MeV, m(8) = [5150, 5700] MeV/
Pr(i) > 35 GV, pr(r. K) > 05 GeV/

 Sesin2isin20, cos s + Sssin 2 sin, cos s+ Sosin’ i costl

Inclusive backgror
® 575020 sin0esing + Sy sin20xsin 28 sin s+ Sosin? O sin i sin20

» final cuts: o /7 > 12.75, pointing cosf > 0.999, y?/ndf(B) < 2,
Pr(K") >3 GV, [(m(B) ~ meoa(B)) — (m{iw) ~ mepo(J/v))| < 130 MeV
o trigger - 15 most frequent triggers e 25 2 e . s
 control regions: J/v: (¢?= [8,11] GeVZ), (25) (q?= [12,15] Gev?) B B T 7 e e
- . 1 s
o signal q?= [0.04.6] GeV? except of o region ¢’ [0.08,1.1] GeV? Pisa [ o]
a it didaco i bishas o L =
By — K*up~ decay in SM Background: partially reconstructed decays B — D — X Background
Bl cmall number of events - folding of angulr disributions 5 P Rt
(oo e feeco 6o mmo fore> o D veto 30 MeV and B veto 50 MV around mp,
Fuscqon oo i g Pt for o acceptance maps, c.5. ¢7= [0.046] GV
- —— —
Tr/de deoslidcosly dodg® 87
+ 5P cos2, — Fucos® b con2n, rt
550 O i cos 20 + Susin 20 sin 20, m,,]
 loss of sensitivity to S, Sg a Ars — "
[pre— sy | | FELBRRLMUTT) dita vs MO i s o & s v e s s
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B® — K*(Km)u"u~ selection, fitting, checks.

ATLAS analysis of By — K*u*u~ Monte Carlo datasets By K*u*yu~ decay in SM
Differential decy rate (ptimized)

Cenerstor | Dataset | Evemts .
— 1 a'r 9 [30-A)

wrascomsman | | Signal

Dataset:

020315, taken at 3 =8 TeV in 2012 1
sin? 0+ 22 in? 0 cos 20,

Reconstruction and selection len T T e et dodd
o pressection: track pr, D hits, min. 1 combined muon e + Fucost Oy — Fucost e cos2f -+ Sysin g sin B cos20
* baseine: ] <25, ) = 846,46 MV, m(B) = (5150 5700] W L + Susin 2 sin 2 cos s+ S50 2 i o+ Sosin” B cos
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e et e i X AR | Py PO W N T
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B " Siso s s
o signal = 2 except of 6 region o 5= i XBAT Py Pise= o2t P
ignal g?= [0.04,6] GeV? except of & region q°= [0.98,1.1] GeV? 55 i X BB | Pythia VAO-F)
o idata i bishar o LiC*
By — K*utp decay in SM Background: partially reconstructed decays B — D — X Background
o small number of events — folding of angular distributions H P Result
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Pusilos soa fornsz Posidoos —x-s fro< « scoeptance maps, e, e 2
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. {OA o frs<o o "'\:u\\
P s .
o A T
G moty o> % .
or O [30F) ey s s E -
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Fitting. Fit Background
3 o : Reslt
« acceptance maps from MC sample generated with flat angular distributions o 3 H /n
Mmoo i 1 o D veto 30 May and B veto 50 MeV around mp —
o extract nuisance parameters from control regions - m, 7 (Gauss), vote ar
a acceptance maps, ¢.5. 7= [0.04.6] GV
o fold distributions > 4 sets of fits o " e o8 = 004e]
a mass prefit - number of signal a bkg evens p -
o angular fits . ’ﬁ—s—n\\ ot
Fitted yields: o .
FCN [ g s mmm.,}l E Uy - i . *
[00r20) |16i22 1252 i B H e
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B® — K*(Km)u"u~ results

T T T " E T T T T T T T T T4
Vs=8TeV, 20.3 1™ 3 & 2EATLAS V5=8TeV, 203 fb" 2EATLAS (5=8TeV, 20.3 ™"
- Data E Preliminary - ou 1.5EPreliminary o oan
CFFMPSV fit 1E
theory DHMV theory DHMV/ theory DHMV
theory JC 3 theory JC 05 theory JC
ob
_osf
E o +
l 1
Il I L L L L Il L —2F L L L Il L |
6 8 10 2 7z 3 8 10 2 1 6 8 10
o [GeV] ? [GeV?] ¢ [Gev?]
T T T e F T T T = . T T T T ]
Vs=8TeV, 20.3 fb o 2-ATLAS Vs=8TeV, 203 fo" o 2EATLAS (5= 8TeV, 20.3 b
- Data F Preliminary . Preliminary . E|
CFRMPSVfit ] Lo 15 E
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theory JC E theory JC theory JC 3
E E 05F E|
E = of- E|
3 E -05F
Il Il | Il L L I L - Il L L L L
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... 3 bins with ~ 30 from SM prediction
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Other ATLAS analyses

@ some 3000 members of collaboration

@ working in 100 sub-groups

@ any decay and measurement we can think about

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Prsliminary

s: SUSY 201 (46-229)fb" F=7,8TaV
Model e HT.y Jets BT [radn] Mass limit Reference
WSLGRACHSSM sras conrgorsau7
WSLGRACHSSH 1276 s conr v
WSLGRATHSSM 117e8
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Thank you for your attention!
Questions?

... or write me on ina@cern.ch and we can chat about it over coffee



