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LHC Highlights up to LS1
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Long Shutdown 1 (LS1)
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major shutdown intended to repair the magnet interconnects
LHC injectors getting ready for hardware tests
LHC beam commissioning beginning of 2015

today start physics run

2013 2014
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M Physics B Shutdown

Beam commissioning B Powering tests
from F. Bordry, DPG Mainz 2014
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LHC Consolidation Status
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LHC Consolidation Status
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Expectations after Long Shutdown 1 %

batch compression and

¢ 18 months of data taking until mid of 2018 merging and splitting (BCMS)

¢ atleast 6.5 TeV per beam:
e decision towards 7 TeV
according to magnet training
¢ brighter beams due to new injector beam
production scheme
¢ 25 ns bunch spacing
¢ maximum luminosity of ~1.6x10*cm™s™

Number Intensity Transverse Peak Pile Int. yearly
of bunches per bunch emittance luminosity up luminosity

25 ns BCMS 2508 1.15 x 10 1.9 uym 1.6x10* cm?s™ ~43 ~42 fb*

from F. Bordry, DPG Mainz 2014
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People and Positions
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14 physicist staff
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DESY ATLAS - Physics and Performance
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Object ID/Calibration

electron/photon ID
jet energy scale
jet energy resolution

m

Standard Model Top Quarks Higgs SUSY/Exotics
Z/y* production differential cross sections H - yy coupling electroweak SUSY prod.
W-+charm production top quark properties differential cross sections search for lepton jets
dijet production single top FCNC search for H-bb and ttH search for tt resonances
PDFs Monte Carlo
derivation and impact production & infrastructure
studies (HERAFitter) tuning
modeling uncertainties
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DESY ATLAS - Detector Operations and Upgrade
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Current Detector
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DESY ATLAS - Computing

ATLAS Software Data Preparation

Tier-2 Grid
q
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DESY ATLAS - Physics and Performance

electron/photon 1D
jet energy scale
jet energy resolution

Standard Model

Z/y* production
W-+charm production
dijet production

differential cross sections
top quark properties
single top FCNC

H - yy coupling
differential cross sections
search for H-bb and ttH

electroweak SUSY prod.
search for lepton jets
search for tt resonances

April 24™ 2014
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PDFs

derivation and impact
studies (HERAFitter)

production & infrastructure
tuning
modeling uncertainties
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Low Mass Drell-Yan Production at 7 TeV
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low mass Z/y* - Il production provides complementary constraints on PDFs
measurement of fiducial, differential cross section as a function of dilepton mass

-1 .
o 1.6fb™ of Z-eelpp: arXiv:1404.1212

26 GeV <m <66 GeV g SSpTTE

= E 3 ATLAS .

e 35 pb-l of Z - pu: g 35_ det=1.6fb'1 E
5 \s =7 TeV I

12 GeV < m < 66 GeV 25; _______ ‘ Ml<2.4, p! > 12 & 15 GeV -
ol e N —— -

results unfolded to parton level: s R E
e no good description of low mass F — Data E
data from pure NLO calculation 055_ —Theory  — NLOit E

* good performance of fixed-order NNLO o Tneon e oo
calculation as well as from NLO+PS . E
choice of PDF studied using HERAFitter R ot 4 , -
1Tt Lunp S, A S CEET

» including HERA | and this data in oosE T Lt [
PDF fit not enough to improve P e
NLO performance v N =

-4 E
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Dijet Production Cross Section at 7 TeV
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DESY ATLAS - Physics and Performance

electron/photon 1D
jet energy scale
jet energy resolution

Standard Model

Z/y* production
W-+charm production
dijet production

differential cross sections
top quark properties
single top FCNC

H - yy coupling
differential cross sections
search for H-bb and ttH

electroweak SUSY prod.
search for lepton jets
search for tt resonances
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derivation and impact
studies (HERAFitter)

Monte Carlo

production & infrastructure
tuning
modeling uncertainties

Alexander Grohsjean -77" Physics Research Committee

15




Tuning NLO+PS Generators

RESBOS + CT10
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DESY ATLAS - Physics and Performance

electron/photon 1D
jet energy scale
jet energy resolution

Z/y* production
W+charm production
dijet production

Top Quarks

differential cross sections
top quark properties
single top FCNC

H - yy coupling
differential cross sections
search for H-bb and ttH

electroweak SUSY prod.
search for lepton jets
search for tt resonances
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derivation and impact
studies (HERAFitter)

production & infrastructure
tuning
modeling uncertainties
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Top Quark Spin Correlations
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¢ measurement probes full chain from production to decay

e sensitive to new physics with different spin configurations
e.g. stops around top mass t

9 t -
¢ correlation strength inferred from Jy
angles of tt decay products

¢ various methods used
e all results well consistent with SM prediction

e measurements limited by systematic uncertainties

ATLAS Preliminary

tt spin correlation measurements

%)
€ 2000F . — i
_ - ATLAS Preliminar fit result
JL‘”=4-6 ', 15 =7 TeV fqu *(stal) £ (syst) L%) 1800[ L Y -t (A=SM)
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, - | Ldi=46f 1s=7TeV  tt(A=0)
: 1600 —+data
A ———— 1,19 4000 £0.15 1400F- B background
"""""""""""""""""""""""" 1200;
Ccose)cos®) U 800}
helicity basis 0.75 £0.19 £0.25 600F ‘
cos(o)cos0) 400F
. . —_ 0.83 £0.14 £0.17 -
maximal basis ' 200F
0 05 1 15 2 0'
Standard model fraction 0

ATLAS-CONF-2013-101

Ag [rad]
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DESY ATLAS - Physics and Performance

electron/photon 1D
jet energy scale
jet energy resolution

Z/y* production
W+charm production
dijet production

differential cross sections
top quark properties
single top FCNC

H - yy coupling
differential cross sections
search for H-bb and ttH

SUSY/EXxotics

electroweak SUSY prod.
search for lepton jets
search for tt resonances
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derivation and impact
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production & infrastructure
tuning
modeling uncertainties
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electroweak production of SUSY particles
e focus on dilepton final states
e dominant at LHC for heavy gluinos/squarks:

1sY/2nd generation squarks and gluino limits ~ 1 TeV

8 TeV analysis significantly improved
* Detter selection cuts
e more final states added

- ~ 20% improved exclusion limits

— first exclusion of chargino pair production
with W boson mediated decays

— improved limits of trilepton analysis
results also interpreted in pMSSM

¢

Events / 10 GeV

Data/SM

95% CL Limit on o/og g,

DF channel
10% g1

104
103
102

10

Electroweak SUSY Searches

- SR-my, w/o m;, cut
T

@® Data [ Non-prompt leptons
= [ z+jets [ Higgs
CJww [ Bkg. Uncert.
L_ . o ewt o (mm) = (350.0) Gev

ATLAS, Vs =8 TeV, 20.3 fb™’

10"
102
2
1.5 ° #
1 lo-®- 0 ¢ -0 0 0 ® 0 - ® ¢ $
0.5 ®
0O 20 40 60 80 100 120 140 160 180 200
. i E$iss,rel [GeV]
E,miss for ey final state
10_III|III|III]IIIIIIIIIIIIIIlI_
ATLAS = Observed limit (+105U%")-

fL dt=20.31", Vs =8 TeV .
7% =W

with m_, = 0 GeV All limits at 95% CL
- %,

() =0 /() =0
% WX,

massless y °
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m_. [GeV]

arXiv:1403.5294
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DESY ATLAS - Detector Operations and Upgrade

=
o
]
o
Q
]
Q
o
H - . -
c commissioning
2 calibration
S measurement
&)
Q
&
Eﬁ test beam for prototypes
o fibre procurement & QA
-

simulation
optimisation

R&D “Petal 2014”
sensor studies
electronics
mechanics
upgrade simulation
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SCT Digitisation
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e realistic simulation of detector
and electronic response,

; = AR T L L AL L
e.g. charge collection, crosstalk s o0f . ATLAS simulation -3

e including increased radiationin Run2 g 80 ¢ work in progress =

_ 2 705 ra_cks f_rom E

¢ recent achievements: S sob noise hits 3
« simplification of existing code S s0f loss of real hits =

0 - . =

. g €  40F with low charge =

e more phy_S|caI effects, Q.g._rqqlatlpn 3 -..T. e . / depositions E
damage, implemented in digitization S0k . E

for Run 2 105 ° E

= . . -

— time dependent conditions in simulation  gE—. N A e S

e study impact of various parameters default threshold [C]

on tracking performance in digitisation,
e.g. noise, threshold, gain or crosstalk
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Current Detector

Upgrade

DESY ATLAS - Detector Operations and Upgrade

ALFA

commissioning

calibration
measurement

SCT

monitoring
calibration
digitisation

Fast Track Trigger
(Phase 1)

simulation
optimisation

Tracker Endcap
(Phase 2)

R&D “Petal 2014”
sensor studies
electronics
mechanics
upgrade simulation

DESY Test Beam

April 24™ 2014
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Phase 0 Upgrade - Insertable B Layer %

facts:
e new pixel layer around smaller, new beam pipe
e radiation levels: ~5 x 10" neq cm™
e 75% planar sensors, 25% 3D sensors

beam
pipe

status:
e |BL mounted on beampipe:
all 14 staves assembled at CERN
e being prepared for installation in May
ATLAS DESY contributions:

e detailed test beam study of IBL sensors
and modules

e procurement of the optical fibre for data
transmission

picture from H. Pernegger, CERN
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DESY ATLAS - Detector Operations and Upgrade
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S

o

]

o

Q

]

a ALFA SCT

H . . - - .

c commissioning monitoring

2 calibration calibration

= measurement digitisation

&)

Insertable B Layer Tracker Endcap

O (Phase 0) (Phase 2)

S

a test beam for prototypes R&D “Petal 2014”

o fibre procurement & QA sensor studies

= electronics
mechanics

upgrade simulation

DESY Test Beam
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Phase 1 Upgrade - Fast Track Trigger

Single
Hit

L L L L L L L [ T AL 1

¢ dedicated hardware-based track finder
e runs after L-1 trigger on duplicated

Si-detector readout links —>
e tracking input for full event for
L-2 trigger
¢ finds and fits tracks (25 us) in ID silicon SuperStrip (bin)
layers at an “offline” precision hit pattern matching subsequent linear
to pre-stored fitting in FPGAs
patterns (coarse) (precise)

I % = neaen ¢ reCeNtly started activities at DESY

SE— = now taking shape

e $ E e proper representation of FTK
'“The ‘Even*”'t E % objects in event data model

T | | e hit pattern generation algorithm

for associated memory chip

picture from B. Penning, WIT 2012
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DESY ATLAS - Detector Operations and Upgrade
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S
O
]
o
Q
]
A ALFA SCT
H . . - - .
c commissioning monitoring
@ calibration calibration
= measurement digitisation
@)
Insertable B Layer Fast Track Trigger
<) (Phase 0) (Phase 1)
S
a test beam for prototypes sirr_1u|_atiqn
o fibre procurement & QA optimisation
>

DESY Test Beam
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¢ Dbasic building block of the end-cap discs
¢ petalet: simplified petal prototype

microstrip
sensor

ﬂourtesy of IFIC and NIKHER

carbon-fiber
facing

cooling pipe
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Upgrade Simulation

¢ continuation of strong efforts in upgrade simulation
e high n studies up to 4.0
e implementation of correct geometry of end-cap (petals)
e alternative geometry with parallel strips
¢ parallel strips
e first implementation
o effect of tracking investigated

e more studies needed, preliminary
results promising

1.05F ATLAS simulation -
& SLHG-02-00-00 .
£ work in progress
C + CMOS in Endeaps %'
0.95F %‘ $
ook s ali==RR 2
Eﬂ.as — ==
B C
0.8F
- s e
0.75 5&'_:_&_'
g =
0.7
n.ﬁsf—
: 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 0.5 1 1.5 2 2.5
Particle i
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R&D for Tracker Endcap - Petalet

¢ several petalet modules produced

e test results show expected performance
in threshold and noise

¢ first petalets assembled at DESY
e Dbeing tested now
¢ good understanding of assembly process

¢ electrical routing on petal rather complex
because of double-module structure

e petalet as test bed

e first modifications planned,
e.g. different HV routing

¢ next step:
e production of full petal

e will start with innermost
module with 4 hybrids

petalet assembly
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R&D for Tracker Endcap — Adhesive Evaluation

Al wire bond

¢ many connections in tracker glued ASIC

¢ R&D strategy:
e test currently employed adhesives,

e.g. for irradiation, aging ’
e explore alternatives microstrip \
sensor

. . . ] (metallisation)
¢ asic to hybrid alternative: UV curing glues

e faster curing

e Dbetter radiation length

e less activation

e longer shelf-life

¢ 3 of 7 adhesive candidates fully
HL-LHC compliant

¢ future work: examples of glue test failures: unchanged after
* extend studies to petal slid off  alu. corrosion irradiation

core adhesives
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April 24™ 2014

DESY ATLAS - Computing

ATLAS Software

large scale batch and storage
data processing
MC generation

Data Preparation

large scale analysis facility
local batch and storage

Alexander Grohsjean -77" Physics Research Committee
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ATLAS Computing and Software
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key contributions in data preparation DBRelease
e coordination of reprocessing and conditions database s
testing of new data production interfaces .

for reprocessing 5, ’
preparing new conditions DB for Run 2 Cond DB Data
data taking . Prep
e crucial period for Data Challenge 2014 and Run 2 ' I 4 .
Reprocessing

GLOBAL Mc Pro_

TRIGGER duction

substantial changes to reconstruction software
e full support of IBL

e improved CPU performance to combat
increased combinatorics from higher
multiplicities

e new functionality for improved tracking
performance under high pile-up

e reduced event size on disk
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April 24™ 2014

DESY ATLAS - Computing

inner detector simulation
MC generators, interfaces

conditions database
data reprocessing

Tier-2 Grid
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ATLAS Resources and Storage at DESY

$ Space evolution at DESY-HH_LOCALGROUPDISK acc. to DQ2
: : . v | | ! 1 ! ! ! .
¢ DESY Tier-2 crucial grid resource to LOCALGROUPDISK at DESY-HH | [ Beonn
ATLAS collaboration Sl i [ ephce d o2
A T R NS S S R =<

e pledges delivered well in advance

e LOCALGROUPDISK storage in HH
approaching 2PB

e DESY-HH, DESY-ZN two of the most
reliable sites in the German cloud

used space

Terabytes
Jaoo
T

Sog

10\'1' 10"?' o '103'1 '10\3 'lQ\A

o N

3 3 3
» ppqlo\‘ oV ®

jobs in NAF-2 batch system e @ &

r

¢ users migration to NAF-2 recently completed
e NAF-2 for ATLAS at DESY-HH only
e increases in batch system resources
and Sonas storage in NAF-2

Mjobs

Nov Dec Jan Feb Mar Apr

| B af-atlas I 0 af-cms M afilc [Oastrop | W atlas |O belle2
Bce MWcoms Mfa Efic Eh1 W hasylab O herafitter namespace
O hermes O it O mpy O io2 O opera O school e final shutdown of NAF-1 in June
W support M theorie [Ounihh2 [Ozeus MW TotalSlots
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Recent Publications - Papers

peer reviewed journal publications:

¢ Measurement of dijet cross sections in pp collisions at 7 TeV centre-of-mass energy
using the ATLAS detector, sub. to JHEP

¢ Measurement of the low-mass Drell-Yan differential cross section at Vs = 7 TeV using
the ATLAS detector, sub. to JHEP

¢ Measurement of the production of a W boson in association with a charm quark in pp
collisions at Vs = 7 TeV with the ATLAS detector, sub. to JHEP

¢ Search for Higgs boson decays to a photon and a Z boson in pp collisions at Vs = 7
and 8 TeV with the ATLAS detector, Phys. Lett. B 732C (2014)

¢ Search for direct production of charginos, neutralinos and sleptons in final states
with two leptons and missing transverse momentum in pp collisions at Vs = 8 TeV
with the ATLAS detector, acc. by JHEP

¢ A double-sided, shield-less stave prototype for the ATLAS Upgrade strip tracker for
the High Luminosity LHC, JINST 9 (2014) P03012

ne»r-»

= 6 new papers with significant DESY contributions since last PRC !
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Recent Publications - Notes

ne»r-»

conference and public notes:

¢ Example ATLAS tunes of Pythia8, Pythia6 and Powheg to an observable sensitive to
Z boson transverse momentum, ATL-PHYS-PUB-2013-017

¢ A study of the sensitivity to the proton parton distributions of the inclusive photon
production cross section in pp collisions at 7 TeV measured by the ATLAS
experiment at the LHC, ATL-PHYS-PUB-2013-018

¢ Comparison of the response of the ATLAS detector to electromagnetic processes in
data at 8 TeV and simulation using different G4 setups, ATL-PHYS-PUB-2014-003

= 3 new public notes with significant DESY contributions since last PRC !
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Summary

¢ DESY plays a key role within the ATLAS experiment

¢ strong contributions to all analysis fields from SM measurements to searches
for new physics

e supported by large expertise in object IDs and MC modeling
¢ Important contributions to the ATLAS detector and computing
e SCT operation and digitisation

= 3.5 s e L BN B LIS L IR ]

e database and software management P SR . e | ATLAS E
) i ® - Ldt=1.6fb" -
¢ involved into all phases of upgrade S sb —L \s=7Tev -
i e |<2.4,p'> 12 & 15 GeV ]

» special focus on HL-LHC upgrade 2 == Pr =
155 - -

13— —— Data %Ef:

- — Theory —— NLO-fit =

0.5 ... Theory + shifts —— NNLO-fit =

% 115;. AR NS T T N N T T T T S [N T T T T S T T T S S A T .!_;

R =

E 1.05;— — é

LIS G T e o s —— 2 R R o

0.951~ —

2 aF B

[ Zi é

= ‘ l I

2 I T

ab -

~ 30 35 40 45 50 55 60 65
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