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ATLAS: Detector Operation,
Upgrade Plans and Computing

MPP Project Review 2012
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Outline

© The ATLAS detector and the MPP ATLAS groups
e The LHC and ATLAS in 2012
© Computing

0 Detector upgrade activities
@ Semiconductor tracker (SCT)
@ Hadronic endcap calorimeter (HEC)
@ Muon spectrometer (MDT)
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ATLAS

@ General purpose detector for proton-proton and heavy ion collisions with full angular
coverage
o installed in Large Hadron Collider at CERN

25m

Tile calorimeters

LAr hadronic end-cap and
N forward calorimeters
Pixel defector "\
LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker

@ 25 m high, 44 m long, 7000 t heavy
@ superconducting air-core toroidal magnets in eight-fold symmetry outside the
calorimeters
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LHC performance in 2012
~ Geneva, 5 April 2012, 0:38 CEST: New world record collision energy of 8 TeV [

PROTON PHYSICS: STABLE BEAMS

LW l6m0  LEn ress 12 nesn
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LHC performance in 2012

Total integrated luminosity
@ 2010: 45 pb~!
e 2011: 5.25 fb~!
@ 2012: 21.7 fb™! (goal was 16 fb™*)

@ 50 ns (filled) bunch spacing
@ 1380 bunches/beam

@ Peak instantaneous luminosity:
7.73 -103cm 2571 (24.08.2012)
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New world record collision energy of 8 TeV |

30

T T T
ATLAS Online Luminosity \s=8TeV
[ LHc Delivered
[] ATLAS Recorded

Total Delivered: 23.2 fb™!
Total Recorded: 21.7 fb™"

30/05 03/08 07/10 11/12
Day in 2012

— E
e 30—
= £
8 251
£ E
€ £
3 20
b= r
2L L
S 15
o
o [
£ 10b
g £
3 E
s
o
27/03
=10°

y (16"
3,

10°

Delivered Luminosit

3 o
> %

107

T T T
E ATLAS Online Luminosity

e 2010pp VS =7 TeV  mmm PBPb \[5 =276 TeV
= 2011 pp \5=7TeV PbPb \[5,,, = 2.76 TeV
— 2012 pp V5 =8 TeV

S,
©

o

e o oct
Month in Year zie

MPP Project Review, 17.12.2012 4 /24



LHC performance in 2012

Total integrated luminosity

@ 2010: 45 pb~!

e 2011: 5.25 fb™!
0 2012: 21.7 fb~! (goal was 16 fb™1)

@ 50 ns (filled) bunch spacing
@ 1380 bunches/beam

@ Peak instantaneous luminosity:
7.73 -103cm—2s~1 (24.08.2012)
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ATLAS performance, MPP contributions in 2012

ATLAS p-p run: April-Sept. 2012 . ) ) X
ner Tacker oo uon Viagnets o Inefficiencies in the LAr calorimeter are
Pixel SCT TRT LAr  Tile MDT RPC CSC TGC Solenoid Toroid mostly due to noise bursts and HV trips
100 995 996 98 99 9 o After reprocessing, LAr reaches
aeccd oy phvaicoaTX comparable high efficiency
Luminosity weighted relative detector uptime and good quality data delivery during 2012 stable beams in collisions at .
:3'::(:.:‘;‘1;:;:Y.::':.::::.:::i‘i:mm%.‘,mlmlmng.ﬂ149Kxn,:[.,,dgm.a The neficencios n the Lor (99.6% for period H-L)

o Performance work
o SCT: inner tracker alignment
o HEC: topological clusters, local hadron calibration, MET performance studies, LV
hardware/software, HEC local expert on call
o MDT: muon chamber alignment and calibration, operation of muon calibration centre,
muon DQ expert on call (S. Stern)
o Coordinating roles
o ATLAS Speakers Committee chair: Hubert Kroha
Computing coordinator: Hans von der Schmitt
Software coordinator: Rolf Seuster
Higgs co-coordinator: Sandra Kortner
LAr Speakers Committee chair: Sven Menke
Muon combined performance co-coordinator: Oliver Kortner
Muon calibration coordinator: Michael Flowerdew

2012 2013 201213 201213 2012-13
FEB |MAR APR |MAY |JUN OCT |NOV |DEC Alloc Req  Alloc/Req

7.2 322 237 164 328 52 263 210 269 92 112 173

M. Nagel (MPP ATLAS) ATLAS Oper:
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Computing

rzg The MPP ATLAS Computing group is operating a
Tier2 centre at Rechenzentrum Garching, as part of

RECHEN-
[ | =m ~  the Worldwide LHC Computing Grid (WLCG)
@@dashbe Overall Wall Clock consumptions All jobs (Cumulative Graph)
le10 8015 Hours from Week 01 of 2012 to Week 48 of 2012 UTC

+ Wall clock time (WCT)
consumption in 2012:
shows what type of jobs
consume most CPU time
simulation

user analysis

event generation

00
RR2012 Feb2012  Mar2012  Apra0l2  May2012  hn20l2  M2012  Ag2012  Sep20l2 0w 2012 Now2ol2

mevgen (3.441145.953)
(1617213851
(10050.856)

W pie (1141.296.72) B o (206.183.036)

Diptest (0001

Total 22,646,394,765 . Average Rate: 78471 15

Within the DE cloud in 2012, the highest contribution in terms of run
jobs comes from the federated MPPMU + LRZ-LMU Tier2 site

M. Nagel (MPP ATLAS) ATLAS Operation & Upgrade MPP Project Review, 17.12.2012
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Computing

Grid job efficiency over time —

o Good performance all through
2012

o Issues were resolved quickly and
without any noticeable impact
on Atlas activities

@dashbe
Number of Successful and Failed Jobs (Pie Graph) (Sur: 2,542,136)

1 of Successful Jobs - 84.88%

e o 7195 (182763 s o Ueroun S o 00 (5501

(2 »
@dash Efficiency over time based on success/all accomplished jobs
100 Days from Week 01 of 2012 to Week 48 of 2
%
&
@
2
J — -
Jon'2012 Feb 2013 Mar 2012 Apr 2012 Viay 2012 Jun 2012 Jul 2012 Aug 2012 Sep 2012 Oct 2012 Nov 2012

W MPPMU (91.92)

Total: 96.98 , Average Rate: 0.00 /s

< Overall Grid job efficiency at MPPMU:
@ Number of failed grid jobs < 10%

o considered 'usual’ within highly
distributed systems

o Studies to reduce failure rate: large
efforts required for small improvements
= more efficient to just resubmit jobs
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Timeline for LHC and detector upgrades
Start of LHC [MPP contributions

Run 1: /s = 7/8TeV, £ ~ 3-10¥cm™%s7*,
~ 20fb~! delivered

Phase 0: LHC shut-down to prepare machine for | IBL installation

2013-14 design energy and nominal luminosity

Run 2: /s = 13 — 14TeV, ramp up to nominal
luminosity (10**cm™2s™!), deliver ~ 50 — 100fb ™!

sMDT installation

Phase 1: Injector and LHC upgrade to full design
2018 luminosity

Run 3: Ramp up luminosity to ~ 2x nominal, ac-
cumulate a few hundred fb™! (~ 100fb™" /year)

Pixel replacement
Phase 2: High-luminosity (HL) LHC: new focusing

Y
2022 magnets and Crab cavities for high luminosity with | HEC RO electronics
levelling sMDT installation
Run 4: £ ~ 5-10*cm™2s7!, collect data until > RO electrorTlcs
30006 L1 muon trigger
~2030 End of data taking

M. Nagel (MPP ATLAS) MPP Project Review, 17.12.2012 8 /24



SCT Phase 0: Insertable B-Layer (IBL) installation

.
NN

I 1

@ The major ATLAS upgrade during 2013/14 LHC shutdown

@ An additional pixel layer with an advanced technology to maintain and improve the
pixel detector performance at higher luminosities

@ Closer to the interaction point (only 3.3cm)

Schedule (completions)
o May 2013: module, stave, and off-detector production
o August 2013: stave loading on new beam pipe
o December 2013: final system tests and commissioning on surface

o June 2014: installation in pit, commissioning and sign-off for closure

MPP contributes on all aspects of IBL module QA: defining procedures,
testing, rating and software development for commissioning and calibration /.
p Dyt

M. Nagel (MPP ATLAS) MPP Project Review, 17.12.2012 9 /24



SCT Phase 2: Pixel system upgrade

Phase 2: full pixel system replacement with 4 or 5 layers
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Outer layers (r=10-30cm): 5-10"n/cm?
o up to 10 m? pixel surface
o cost-effective n-in-p pixel sensors
o thickness 150-300 pum

Inner layers (r=3-10cm): 2-10'°n/cm?
o thin planar pixel sensors
o thickness 75-150 um

o vertical integration, active edges

Apbyzit
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SCT Phase 2: Vertical integration technology (inner layers)

/ Through Silicon Vias (TSV):

Fe ; :
E § Thin read-out chip 6 lﬂ @ Signals and services

||| brought across the

E e C 7 R i read-out chip
e'g é / Thin sensor/active edge <= @ no need of chip to extend
H'v beyond the sensor
Solid Liquid Interdiffusion (SLID): = more compact pixel
module

@ CuSn soldering

o alternative to bump-bonding

<— SLID module with 75um HLL sensor:

@ shown is charge collection efficiency
normalized to unirradiated value

7] p, 9=0.6
40F [ n, ®=2 o tested successfully up to 1016n/cm2
B [ In,®=5

20r &z n, =10
P P I U I [@]=10"° ng/em’
0 100 200 300 400 500 600 700 (S

Bias Voltage [V]
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SCT Phase 2: Active edge pixels (inner layers)

o ATLAS: 1mm guard ring around pixels for
breakdown protection and E-field smoothing
= inactive area

o Alternative: active edge pixels through
implanted side walls

o MPP-HLL design with active edge of 125um
and 50um (250um used for IBL)

o Produced at VTT in Finland with 100um
thick sensors

50 pm

— =

M. Nagel (MPP ATLAS)
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99-100% hit eff. in area
of pixel implant of edge

83% hit eff. in area between last
pixel implant and active edge
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SCT Phase 2: n-in-p sensor technology (outer layers)

o cost-effective through single-side processing

Test beam results:

Tracky fum]
c3B8288

100, * T T

FE-13 chip (current ATLAS readout chip):
hit efficiency at Vpias = 600V
for ® = 10'°n/cm?

Hit efficiency [%]
g 2

e @=0 (DESY) ]

94 & o= DESY)
FE-14 chip (new IBL chip): 92 © P-4(SpS) 1
hit efficiency vs. bias voltage [®]=10" /e’ ]

%% 100 200 300 400 500 G600 700
Bias voltage [V]

MPP group demonstrated feasibility of n-in-p technology for outer pixel layers %
(IR

M. Nagel (MPP ATLAS) MPP Project Review, 17.12.2012 13 /24



HEC Phase 2: upgrade of cold readout electronics

o HEC readout electronics are mounted on outer
circumference of HEC wheels, inside liquid
Argon cryostat, in high radiation area

@ Radiation hardness tested for ten years under
LHC conditions

Expected radiation levels for 10 years of operation
of HL-LHC, including a safety factor of 5:

o NIEL: 4.1-10* n/cm?
o Hadrons (Enaq > 20MeV): 5.1-10" h/cm?®
o TID: 6.2 kGy

HL-LHC PSB Si NIEL (n/or) @

600

[2| (em)

1 MeV neut ivalent NIEL d
Extensive test beam program by MPP group: €V neutron equivalen ose

M. Nagel (MPP ATLAS) ATLAS Operation & Upgrade MPP Project Review, 17.12.2012 14 / 24



HEC cold amplifiers: gain under irradiation

proton

neutron

@ T T T |

£

2 T 4 .

g . SRR 1 In-situ measurement of HEC cold
= osb 1 \::‘-\_ I b . . . .

£ o8 : = amplifiers at RT during irradiation:
2 : ]

v o8 ' ] o Several boards placed along the
¥ o4 L HL-L ] beam

s T . ] . . .

* o ! ] o Plotted is normalized gain

© o ! ] parameter

o 00’ ! Jx10'2

= 50 100 150 g?g‘on Flu:;ge (p/cmg)OU @ In general, protons cause more

damage

R o Neutrons are dominant factor
1 1 .

s F due to higher abundance

@

= 08

é arm

2 06

v

5 oa 5? Performance degradation in cold
3 | significantly worse!

& 02 |
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HEC cold amplifiers: linearity

& 15

%M Measurement of a set of typical input and
F1s corresponding output pulses during

H ) irradiation to analyze linearity of HEC

S

P response:
Non-linearities in cold significantly worse!

!
i
LA
o :,E | i | | | | I | | x10%?
-0 200 400 600 800 1000 1200 1400 1600 1800 2000
Neutron Fluence (n/cm?)

(TS
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HEC cold amplifiers: linearity; Impact on HEC response

Measurement of a set of typical input and
corresponding output pulses during
irradiation to analyze linearity of HEC
response:

Non-linearities in cold significantly worse!

Power Law Exponent

L \3 L L L L L L L x10%
Y 200 400 600 800 1000 1200 1400 1600 1800 2000
Neutron Fluence (n/cm?)

s F T T T T 3
. . . <= 0.025 ——— 00614 nlcr?ATLAS SINIEL Layer 0 Rlegion 0 Ela 2
@ Detailed simulations to evaluate g T F T miesia s
impact of gain degradation and spread, % 0.02¢ — e Ayttt e
impedence mismatch, and g oots— ol bt
. .. I E 8.0e14 n/cn’ ATLAS Si-NIEL Layer 0 Region 0 Eta 2.
non-linearities, on HEC response to a 5 oot 50014 N ATLAS SHNIEL Layer 0 egion 0 Ela 2
. . . g %0 \ i ATAD Sl L g o
typical triangular input current pulse & 0005 \ s v
o Study of the effects of these degraded E E
pulse shapes on physics performance ... E E e
i i 0 01 02 03 04 05 06 07 08
ongoing analysis &
@ Simulation and analysis of transistor
models to identify material parameters %
Apbyzit

responsible for radiation damage
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HEC cold amplifiers: alternative technologies

In-situ measurement of currrent (GaAs FET) and alternative (Si CMOS FET, SiGe
Bipolar) transistor technologies under irradiation:

11 11 14 11
g f ] E ]
s 4 3 ]
£ —1 £ 4 -1
g B —— Si CMOS FET S F R
-3 i 2 1
£ r s L
s | —— SiGe Bipolar s
o 09— 09 o 09— 09
3 L g L
N C —— GaAs FET o L
3 3
E T E L
s r 5 r
< 08— 0.8 < 08— 0.8

= L | . L | L | E = L | | L | L | |
02 04 06 08 1, Lz 14 16 02 04 06 08 1 .12 14 16 18
neutron fluence (10" cm?) proton fluence (10** cm?)
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MDT: new small-diameter drift tube (sMDT) chambers

Reduce drift tube diameter from 30mm to 15mm:
@ 7.6 x lower occupancy
o 4.5 x shorter deadtime
o 8.6 x less gain loss due to space charge
°

drift velocity independent of electric field and space
charge fluctuations

up to twice the number of layers

00554
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MDT: High rate performance of sMDT chambers

Spatial resolution [mm]

Irradiation tests performed with ~y irradiation (CERN) and proton irradiation
(Munich Tandem accelerator):
Excellent performance up to very high rates far exceeding the maximum re-
quirements for HL-LHC (14 kHz/cm? background flux)

y background hit rate [kHz/cm?|

= — T T T T T
100 LT,
> © ]
E §' % 50 cm long tubes ]
& 80 g ]
Measurements: g [ 5 ]
G —
* 30 MmO, GIF 2004 018FT / T T g L 4"*\1‘_35._\ 4
o 15 mm 0, GIF 2011 osof | A 60— o 3
o 15mm0, Tandem2011  *MF 4w [ singie b ;ﬁ (o ime) . ]
oazf I~ single tube efficiency (dead time): MC simulation: 7
° 15mmi, Tandem 2012 f 4ol ° ™o TS s), GIF 2011 15 mm D, 175 ns dead time |
Expectation: oosfé ot [ o 15mm0 (175 ns), Tandem 2012 expect. for optimum shaping |
__ extrapolation from oosf 3 L e 30mm0 (790 ns), GIF 2004 - -~ 30mm0, 790 ns dead time |
1! a <
30t0 15 mm(] twbes ooaf é I Tracking efficiency: q
Model fits: 002 20 r 15 mm O tubes (4 of 12 hits) 100.0 % @ 14 kHz/tube -
B8 30 mm D tubes 0 T [ -4~ 15mm0D tubes (6 of 12 hits) 99.7 % @ 14 kHz/tube ]
= =+ 15 mm tubes L ~— 30 mm 1) tubes (4 of 8 hits) ]
ot I I | I I I 0 | I I I I
0 10 20 30 40 50 60 0 0 5 10 15 20 25 30

background flux [kHz/cm?]

M. Nagel (MPP ATLAS)

Single tube resolution

Room for further improve-
ment with new read-out elec-
tronics under development

ATLAS Operation & Upgrade

Single tube tracking efficiency
(hit on track within 30 resolution)

(TS

MPP Project Review, 17.12.2012
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MDT: sMDT background test, production, installation

. . — 24 5
Measurement of background rates in highest T 20 csc 'ATLAS Preliminany
i . 3 E
rate region (inner bore of small wheel): L 20N corhicanayss | e | 3
g D e ]
& 160 SMDT HV current| =™ L Veurencvalie |
£ 140 / RPC measurement 3
1200 \ \ Average luminosity = 1.9 x 10%cms ,f
\ ! 3
100 =
8 \=\\ MDT 1 —i
5 < 1
40| ~ MDT 2 -
20} =
00 150 200 2_‘50 360 3_%0 460

rlem]

@ Phase 0: installation of four sMTD chambers (on rails) in middle barrel
to close acceptance gap

o Phase 2: replacement of MDT chambers under consideration
M. Nagel (MPP ATLAS) MPP Project Review, 17.12.2012




MDT Phase 2: L1 Muon Trigger

To keep L1 muon trigger rate from low-energy muons at acceptable level, sharp-
ening of the trigger thresholds and higher momentum resolution are required

The

RPC3

-
current L1 muon trigger system has g L=
insufficient spatial resolution to sufficiently g
discriminate muons above 20 GeV ? 3
ATLAS E
® Thieshold 4= 11 Gev |
oF L f L | W Thveshold5 = 20 Gev |-
. & Thieshold & = 40 GeV | 3
O %00
pr (GeV)

RPC2

RPC1

pr:

10 GeV 20 GeV 40 GeV
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MDT Phase 2: new readout electronics

Independent of L1 muon trigger proposal, current MDT readout electronics need to be
replaced in Phase 2 to prepare for higher rates

New prototype MDT ASD chip produced in
radiation hard IBM 130nm CMOS
Mazanise card ! technology

tical Offchamber
On-chambar elactronics transmission  slectronics

@ needs further optimization for high
rates / short deadtime
@ new chip designer urgently needed , ..

M. Nagel (MPP ATLAS) ATLAS Operation & Upgrade MPP Project Review, 17.12.2012 22 /24




Thank you!
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OTP class 1 tasks

As of June 1st 2010, Weskend and Night shifts count with a weight of

Class 1 by Funding Agency 131 unie g

2012 2013 201213 201213 201213
JAN [FEB_MAR APR |MAY JUN JUL AUG |SEP OCT |NOV DEC |JAN FEB Alloc Req  Alloc/iReq
79 98 79 118 79 45 36 124%)
0 4 0%|
46 40 296 249 63 88 72%
0 12| 0%)
0 9 0%|
79 105 59 18 59 59 48 56 86%
26 224 256 682 591 572 552 518 250 157 59 191 230 431 ELH  111%]
200 369 390 465 231 279 303 434 418 376 312 171 237 92 437 579 75%
12 86 52 25
79 118 39 269 105 144 204 85 118 116
26 197 2
31 289 66 66 252 85 217 216 190 322 164 86 79 206
85 46 39 204 33 66 79 39 118 46 76
40 46 39 72 26 118 322 26 20 59 105 13 89
92 303 416 464 200 376 536 622 537 414 335 355 72 481
79 39 12
70 72 989 1109 1127 1167 696 1239 998 894 746 479 657 177 1042
14 105 72 174 59 203 217 243 66 413 151 181
72 66 322 237 164 328 52 263 210 269 92 12 72 226
132 79 26 26 237 40 302 40 33 26 33 o7
131 138 217 303 256 250 40 145 72 7.9 163
07 20 381 736 775 795 821 624 676 992 847 256 466 203 760
190 53 218 138 151 257 262 223 295 302 308 144 254
138 33 53 53 28
98 138 72 158 177 151 59 158 105 07 178 26 133
20 13 66 112 40 79 66 105 98 52 197 85 101 84%
13 98 59 177 72 118 85 223 39 99 99 118 84%
105 46 203 427 224 256 190 151 203 99 171 151 256 39 252 95 265%
Last refresh date :05/12/2012 07:04:12 Page 1/2
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