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LHC and ATLAS :
remarkable operation during Run 1

Discovery

- smaller and smaller beam size o
- more and more bunches (from 368 to up to 1380 , nominal 2808)
- bunch spacing reduced from 150 to 50 (nominal 25 ns)
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iscovery - Trlgger was exceptional

ATLAS Trigger Operation 2012
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Discovery Robust and rich
Trigger menu
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Discovery

ATLAS @ NBI

| will now highlight the areas where NBI group provides an important contribution
Run 1:

® Basic particle reconstruction performance (trigger and offline reconstruction)
® The Standard Model Higgs search

® Physics beyond the Standard Model search

® Luminosity measurement

Run 2 and beyond : Upgrade contribution

® Luminosity measurement

® L1,HLT, L4 trigger
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Basic particle reconstruction
performance (trigger and
offline reconstruction)
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Electronics:

ASDBLE 18 Chaneels

DTMROC 116 Channes

Production of Timing, Trigger Control backend elec

Transition Radiation Tracker

° Test the front-end electronics | s gon
Operation:
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covey  Trigger and tau online/offline
identification
Trigger:
®  Contributed to HLT farm design (experience from Hera-B)
® NBI is Member of the TDAQ Institute Board
®  Tau trigger coordination (2009-2011)
®  Commissioning tau trigger during 2010-2011 run period + ensure a rich
tau+X trigger menu for wide range of tau physics searches g
®  Developing of software for tau reconstruction online and offline %
Tau Identification: g
®  Tau offline reconstruction coordination (2011-2013) %
®  Develop tau identification for 2012 run, align trigger algorithm to this, -
provide robustness to pile-up
® Develop tau energy calibration
® TRT PID capabilities used for electron veto development g
&
All essential ingredients for H->rsearch %
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Discovery

Higgs decay to ZZ
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After discovery of 126 GeV Higgs-like particle, we want to measure properties
Mass = Compatible between CMS and ATLAS
ATLAS 125.5 £ 0.2 (stat) +0.5 -0.6 (sys) GeV
CMS 125.8 £ 0.4 (stat) +0.4(sys) GeV
Signal strength =» Compatible with SM so far
ATLAS 1.43 £0.16 (stat) £ 0.14 (sys)
CMS 0.91 #0300 .,

Coupling to boson and fermions =» Compatible with SM so far, but fermions (bb,TT, ...)
missing

Spin =» most likely 0
Parity = most likely 0+ =» SM like !

There is still lots to measure ! We just started !



oscovey — HIgQS Spin and Parity

H «ZZ channel dominates the parity determination (H vy is “blind” to parity!).

H «ZZ channel has five angles and two
invariant masses sensitive to spin and

parity.
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p-value for O- state 0.015 (excluded at more than 20)



pscovery  HIQQS decay to T(had)t(had)

Already in combination with other H->T11 since 2011.
Very important part of the current ATLAS sensitivity to 11 final state (total expected 95% CL is 1, observed 2).
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NBI group effort, from beginning of 2009, has made this channel a reality:
- Double hadronic trigger in trigger menu
- Tau trigger design and optimization
- Tau identification and energy resolution
- Robustness to pileup
- Analysis

my [GeV]

Benefit also the H->1T1 -> lep had + neutrinos

her |mprovements on energy and identification (usmg substr
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Search for new physics:

- direct or Indirect searches
- model dependent or general
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Search for new physics

Events Events Events

—_. =4 a4 A a4

LI oo
2011 data EI i o
Model independent analysis - o
of all channels with high pt : .
c . a g ; 2
electron, muon, jet or MET trigger B - : B
. Q 3 ;- 1 % 3
in all 7 TeV data R E =!r | §
=> Data found in 655 channels € i 8
=>» Scan for deviations - =
=> Nothing found ! y_ ] - 5
% o ] =S >0
Question is: is this the best way to HE L i°
do this ? 1 E

w©




Discovejovel use of statistical methods for general g%
searches in multilepton final states o

Using Principal Component Analysis to get uncorrelated observables.

Combining several observables into one
simultaneous fit will probe a much larger
phase-space, and help seeing deviances from
the Standard Model.

To probe a larger phase space a “Principal
Component Analysis” (PCA) is performed.

the PCA algorithm

missing ET

new physics ?

Z—TT
DY (ee, uw)
1 2 3 il

number of jets
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SM© no can’t do
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Triple Gauge Coupling studies :

Vector boson self interactions are a fundamental predictions of the SM
gauge symmetry

- they are not yet well measured

- neutral couplings do not exist in SM
~ => sensitive to new physics , eg new heavy particles that couple
‘vector bosons, compositness of the bosons




piscsdeyple gauge couplings in ZZ productio

Model independent parametrisation of new
physics operating at a much higher scale :
parameters fV, in an effective lagrangian

Ltec = % [ﬁv(t?p, VA Z, (0% Zs) + £ (8° szuﬂzﬁ)]
Z

q

f.” where V = {Z,v} and i = {4,5}

The signature is an enhanced differential cross section at high center of mass energies
and large scattering angles.

§ - amias Lt om M A Y
S f Ldt=4.64fb" [ zz—rier AtLAs - T T T T T Factor 10
§ e B d e o | e
i | :5335’5?717:\, ——————— | Tevatron/LEP

46", ? =o i
e ATLAS, \s = 7TeV -
46", A=3TeV =  s==mmms=== TP
L. MtLAssT o esssasscFencazon Factor 10 to go
07", A=
[~ === DO, s =1.96TeV
1.0, A=1.2Tev

+ ZZ* - I'IT

100 150 200 250 300 350 400 450 - L o 1 —— —_—
pﬁ‘ [GeV] -




DisESVER SUSY

Reminder:
SUSY is not a single
model but a very large
theoretical framework

Dirac
gauginos

singlinos

19/20 parameters "

These are in
trouble now!

mSUGRA
cMSSM quite sim

6

SUSY workshop
13
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SMPs are one of the “classical” extentions
for BSM physics. One of the largest loop holes in covering the
(simplified 19 parameter) pMSSM SUSY phase space.

« Sleptons (stau)

—_—>
Heavy Stable
Charged Patrticles
(SMPs)

- 3 e R
We consider two classes of SMPs: 2 2 §
* R-hadrons (gluino, stop & sbottom) %z d s =
|
éi?i, AR
= T =N~ 2
7 TeV Searches 7 7z @ Z A3
Search Refarence Fraction Fxcluded pf pMSSM
2.6 jets ATLAS-CONF-2012-033 21.2%
multijets ATLAS-CONEF-2012-037 1.6%
I-lepton ATLAS-CONF-2012-041 32%
HsCP 19050272
Disappearing Track ATLAS-CONF-2012-111 2.6%

Stable Massive Particles (SMPs)

Gluino — Stop/Shottom

Vary Light Stop
Medinm Stop

Heavy Stop (01)

1207 4686

ATLAS-CONF-201: \"'
A
ATLA &m’:‘\ﬂ?{*“ 71

4.9%
ﬂ‘\% <0.1%

0.3%

2081 N
e

3.7%
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Stable heavy particles in detector o

Tile (or LAr):

Muon
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i
Muon
\\
— ‘ Y l ] "
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Calorimeter | ‘.'
.
»
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. Ll
R 3 S
. S S,
C- Proton N G
- e —————— ' ' .
; » Neutron '.‘ The dashed tracks
omentu (G;‘ol) : s are invisible to
1 o S > ',' the detector
5 o ] g
- . &
= Electromagiiatic . 7
2 Calorimeter *Electrons’
s Ph()lon ;' '.'
e Solenoid magriet 3 e
r Transition.. .' .
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SMPs results

GMSB:N,=3,m_____ =250 TeV,u>0, C__=5000 Q LN B L
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Discov

Indirect searches for new o
physics

80.60

“The W mass is probably the most powerful
indirect probe for new physics”

80.50
(T.Petersen)
s
@
o,
=
=
80.40
Current world average is
- m(W) = 80385 + 15 MeV,
g0.30 |- 0V My = 127 GeV MSSM dominated by Tevatron results.
Heinemeyer, Hollik, Mngser‘whszi:\: Zeune 12 |
T T e e e~ Dominating uncertainties:
m, [GeV] lepton scale and PDFs, both

|mprovable at LH
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W mass

Closure test on I\/IC Result on data
5 1.01 \ T T L I A R 5 1.006 L | L A
g 1.008E- Zuu MC . : L:ﬂ EE: ( ::u )) 7: g + ood Z}Lu 2011 Data %% = 2099.8, Ndof = 2212, Prob = 0.96 7
2 1.006 — mu - 2 "
§ ., 004%++ +H+ + —— Fitted bias (mu- + + + +++ § 1.002] w%
2 1002= + +H’+H»+Hﬁ i ﬂ{'HHH + + + = E dLo + ++
£ = g | $+ ¥# + e
o T 3] i
0994 E 0.994 ——+—— Fitted bias (u+), Average: 0.99922 + 0.00009 =
0'992: 4.7M events divided into two samples. Biases applied to one sample only. 3 ; Fitted bias (1), Average: 0.99506 + 0.00009 .
D R L s R e
1 of muon 1 of muon

At LHC using Z-peak in new differential methods we can get muon momentum scale
uncertainty to 7 MeV using 20% of data.

The LHC use of Z-peak for calibration gives further cancellations in PDF errors through
correlations between W & Z (PDF variations moving mW also move mZ!).

ATLAS target m(W) precision: Below 10 MeV
[Eur.Phys.J. C57 (2008) 627-651]



uCEvey Luminosity

150 Entries 785091 300 - - - ! Entries 785091

¥ [\ ATLAS Preliminary |  /ALFA ] R
g EE7eV. 200 data LM . T b SR
1 Be : '

PO L. S S N o0 RN, || :
| U S S . S S of i O R |
S0 — A0 B N H— o

10

T T O "

Forward Proton Tagger ALFA : Roman pots with scintillating fiber trackers (30 um).
Trigger & operations joint Copenhagen-CERN project.

Elastic scattering at low t -> inelastic-> luminosity (using Totem the total cross
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Run 2 and beyond




e LHC timeline

2009 - LHC start up, /& = 900 GeV

2010

2011 s=7-8TeV, L=06 108" Dﬂcm'gs': bunch spacing 50 ns

2012 ~25 fb
b ‘ Go to design energy, nominal luminosity

2014

b &=13-14TeV, L = 1+10"cm’s, bunch spacing 25 ns

i (likely to be more) .
2017 ~50 fb

2018 ‘ Injector & LHC Phase | upgrade to full design luminosity

2019

2020 's=14TeV, L = 2+1 Dsdcm'zs': bunch spacing 25 ns

(likely to be more)
' HL-LHC Phase-2 upgrade, crab cavities?, IR

 &=14TeV, L="5+10"cm’s, bunch spacing 25 ns
- — Plan for 50% more




s NBI Plans for
. @
Physics searches 14 TeV

TGC:8->14TeV x4

ATLAS Preliminary (Simulation) h|g her lumi x2
Lo — S s \s = 14 TeV: [Ldt=300 b '; Ldt=3000 fo™
[ ratios of LHC parton luminosities: /j ] [Lelt=300 fb™! extrapolated from 748 TeV
[ 8TeV/7TeVandi4 TeV/7 TeV y ] H%uu#'!m ' S —
_ Al Ao =— — 8 1o ATLAS ome
= T 99_ ‘ VBFHotr ' 2 F _[Ldt=4-54 fo’ Eéﬁcﬁggghd (dd.) -
= ---- xqq : . ’ ; A 3 Total Uncertainty
S| e | ez | "ok e
2 10} i i 0.8~ — e f=fg=0.1 ]
g /1 VBRH-wWW - : + o ;3:?;1 E
= | H— WW : o8 : :
R . : VHHoy . | - R —
-—-—T T s by . | ttH,H—vyy
,=__.I.___.__.=.__=-_—-.-_--.-:-::‘—"—"'::':-:—;“r' MSTW2008NLO VBF’H_WIY B ] . | \ ) .
E— T oo = andtiull - R X0 T e om0 e
M, (GeV) Hoyy .;J.....lu. ‘
0 02 04 06 08
Fantastic opportunlty to %
enlarge the reach for new Still need to establish
physics searches e.g. SMPs  discovery in tau tau Higgs decay channel.
Access low rate Higgs decays

and measure properties precisely.



IS ESTERY NBI contribution to
ATLAS upgrade

Long Shutdown 1:

1. Improve L1 trigger readout rate to 100kHz

2. Improve speed of calorimeter HLT algorithms, assess need of a L4
trigger

3. Upgrade the ALFA electronics to run with 2015 ATLAS trigger

Long Shutdown 2 :

1. New muon small wheels with more trigger granularity and trigger track
vector information

2. Forward physics detection station at 220m for new diffractive physics -
AFP (full 3D edgeless and timing detectors)

TR i
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Discovery

Summary y

2010-2012 have been amazing three years!
Hard work but exciting and satisfying!
In Runl the ATLAS NBI group has :

® contributed significantly to ensuring good physics results could be extracted from the
LHC pp data : trigger, tracking, particle identification, luminosity.

® Had fun using the data to find the Higgs, look for new physics, and in general try to
answer the important open questions in particle physics.

We are now ready to pull up our sleaves and help getting ready for the next exciting step:
2015 Run 2 period.

CERN and ATLAS is the place to be for the next many years !
That's where we get answers to our fundamental questions
about Nature
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SMPs results: how Is the future?

Runs 216399 and 216416 (25ns)

> 105 = L ' T =
= — | Mean 0.5129 —
% = | rms 519 —e— Data (25 ns) -
o — | x2 I ndf 1332/ 714 — Fit (3 Gaussians) —
QJ L Prob 7.87e-40 . |
I.I‘: , Norm 4089+ 20.4 - Fit for 25ns peak
——| Mean 0.3414 = 0.0149 —
10 o v Peak(25ns): 22.4 +- 16.0 events =
— | sigma2 4633+ 0.107 -
| | sigma3 13.54+0.34 ]
|| fraet 0.5197 £ 0.0137 . : B
fracz  0.3804=0.0120 T X il +
10 = joni Wi =
= f B v =
- . SR ' 1 wu |ml
I "I g ' u; el e
.||I||||||| il | ; '|||||||
|||
1 |u| Il r , i il
I | | | | | | | | | | | | |

-30 -20 -10 0 10 20

No significant out-of-time background is seen with this data...
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Split tracks

—— Data, Si only

—— Data, full ID

--#-- MC perfect alignment, full ID

— ATLAS —h—

_ Cosmic-ray data 2008
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Stable charged
R-hadron,
becoming neutral
in hadronic
interaction!

Muon
Spectrometer

Hadronic
Calorimeter

Electromagnetic
Calorimeter

Solenoid magnet
Transition
Radiation

Tracking Tracker

Pixel/SCT

detector

Proton

The dashed tracks
are invisible to
the detector

> ATI AC
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