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ATLAS trigger system

® Three-level system

¢ L1: pipeline readout
+ hardware trigger

¢ L2, L3 (Event Filter):
High-Level trigger
m Object-based

¢ Object reconstructed
only around Rol
(Region of Interest)

¢ Full reconstruction
limited to few events

| 2/EF merged from 2015
to reduce readout and
event building overhead

Interaction rate
~1 GHz

Bunch crossing
rate 40 MHz
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TRIGGER
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The ATLAS detector

- ... characterised by large air-core toroidal magnets for muons
Muon System 2 N, | Detector characteristics
Muon Detectors Electromagnetic Calorimeters - Width: ~ 44m
A \ ' Diameter: 22m
- - Weight: 7000t
Calorimetry " Solenoid \! CERN AC - ATLAS V1997

Forward Calorimeters

|\ /" End Cap Toroid

Inner Detector
(tracking and vertexing)
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ATLAS muon system

No magnet: muon goes straight
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m Precision chamber: MDT (Monitored Drift Tube)
m Fast trigger chamber: RPC and TGC (Thin-Gap Chamber)

m Barrel and Endcap systems

¢ Three "stations” to measure bending



dcap trigger chambers
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Checking if all the channels
are alive using cosmic, in Kobe

y Manufactured at KEK:

~1000 wires being soldered
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Assembling @ CERN
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ATLAS trigger - performance requirements
= Small S/N

proton - (anti)proton cross sections

° . n
¢ Interesting events: 1/10 ey 1
10° 10°
where n > 5~15 _ o,
. . 10° Tevatron LHC 10°
= High rate and pile-up
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.E -'q_),
- 180ATLASO|L """""""""""""""" 10° 10° ,© O
o
£ 160 nline um:hOSIty . cm(E,"'>\s.’20) el
a E D\S=8Tev,.[Ldl=20.81b".<+1>=20.7.1 £ 10 i I E
> 140 Bl Vs=7TeV,[Ldt=521" q>= 9.1 'g 0o’ o, 0 o o
2 120! ° o = £
£ - 10° 2 10° 8 -
€ 100! 6, (E,™ > 100 GeV) <| ©
- : 10" 10" o | O
8 80: [ —
T i 5 .0 | >
g 60 10 ////// R I
D 1
@ 40 10° o, 10°
20 10-4 Om( ET’“ > \‘3/4] 10-4
. M =120 GeV
% "5 10 15 20 25 30 35 40 45 10 oo Vs : 10°
Mean Number of Interactions per Crossing 10 0 ey 10*
500 GeV
107 Lt A 422322 . | 107
0.1 1 10

vs (TeV)
(LHC energy 2010-1 2)

10



LHC runnin
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[l Good for Physics

2011, \Ns =7 TeV

Delivered: 546 fb '
Recorded: 5.08 fb
Physics: 4 57 b

2012, \'s =8 TeV
- B LHC Delivered Delivered: 2280
L Recorded: 21.3 b
— |_|ATLAS Recorded Physics: 20.3 1"

Wt yat ppt W oct
Month in Year

Rapid increase in

accelerator performance

New Small Wheel
(L1 and HLT)

L1 upgrade (2)

g plan and luminosity

2009 Startup

2010 Run1
2011

25 fb

2012 Js=7-8 TeV, L=7x1033 cm?s’

2013

2014

2015

Run?2
2016

2017

2018

2019
Run3

2020
2021

2022

2023 Run4

-203x

Phase-0 upgrade

Muon: TGC inner stations

100 fb-"

Js=13-14 TeV, L=1~2x1034 cm2s""

Phase-1 upgrade

Muon: New Small Wheel

300 fb

Js=14TeV, L =z 2x103* cm?s™’

Phase-2 upgrade

3000 fb"!

Js=14TeV, Lz 5x103* cm2s™
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Muon trigger acceptance

Trigger “menu” plan:

Single |Isolated Dimuon(1 Dimuon(2
unit in GeV muon muon symmetrlc asymmetrlc

Thresholds in 2012 13/13 18/8
Thresholds in 2015 50 none(*) 14/14 24/8
(*) in combination to other trigger signal, or pre-scaled
m Runi: S
+ |solated muon trigger for inclusive W/Z ATLAS :
1s=8TeV L=7x10¥cm?s'
¢ Dimuon trigger for Z boson, H—4 lep. etc.  Data (2012) -
mu24i :
® Run2: -;v(mg) 5
[ Multl ]et

¢ About x3 higher rate (lumi, energy)

+ No trigger to take W/Z inclusively

Isolated single muon trigger rate [Hz]

need to use “special trigger”

e.g. di-muon, p+jet, pte 25 30 35 40 45 50
EF p_ threshold [GeV]
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ATLAS muon trigger - Level 1

n=1.05

m Kobe effort:
endcap trigger

MDT

RPC3 |owip, high p. ¢+ Measuring pr from the track

RPC 2 /() Bt o angle measured by 3 layers

— EEIN A— of TGCs in the middle station
B8 ¢ Using hardware look-up

| / MDT // ||

X table (LUT)
/E// L S

P / T'|Ie Calor}rri’{/er TGCFI TnO o
t [
‘ / / o | g . %15
; ; / / 1 mn

I . 10
—== 1] I

0 5

5

® [mprovement in Run-1
¢ LUT optimisation: loose during commissioning
tighter when operation is stable

1501 | | ] | | | ] ] | | ] | | |



ATLAS L1 muon: background

® Main background: protons o) EM

¢ produced by interaction of
hadrons from pp interaction
and material

* of beam element (B) or
* in the detector (C)

= Reduction expected by
¢ requiring a TGC hitin

the inner station (El) %
consistent with that comes  Interaction
: : : Point protons produced
from the interaction point through hadron-material
\ interaction

¢ requiring energy at the rear-most layer  .4r0n

of the hadron calorimeter calorimeter
(Tile Calorimeter)



Performance with new coincidences

B |[nner station

EI/FI

35000+t — —— e

¢ coincidence limited @ L %
by chamber coverage
¢ ~30% reduction g] '
m Calorimeter S L &

+ very effective reduction

30000 e e S e

for 1.0<n<1.3
= Hardware being prepared
¢ LUT implementation

¢+ Communication test with
new Calorimeter trigger board
developed by Brazil
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HLT muon trigger

m |2 muon: outside-in strategy

¢ Standalone: muon system only
14 |

» low rate, but coarse resolution

10 |

¢+ Combined: require a track
in the inner detector

» precise determination of momentum
¢ Endcap: bending angle

" EF muon

6 }

2 -

Middle /’ Outer

L
-
e
~
-~
~
~,
-
.

~~
e
-~
-~

Magnetic
field

6 10 14 20

¢+ Combined muons mainly used for physics analysis

¢ Optional isolation requirement using tracks/calorimetry
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HLT (L2) muon: problem
= Many fake hits in MDT

¢ In Inner Station

¢ failure in pattern recognition 3woi@./ O
. . L Road (search area for hits)
m Removing the outliers by e R N "~
: y y 2000} /Fai(e Visgenta:
¢ narrower searching “road : e
2850:—8 O '
¢ remaoving hItS Wlth blg 576007650 7700 7750° '7‘8106“27;815‘0‘]

contribution to X? etc.

m Utilising EE chamber

Previous
After improvement

¢+ One more layer in B field

» fully installed in this shutdown

¢ determining bending radius

with 3 stations a la Barrel

IIII
-04 -03 02 01 01 02 é’3 04 05

-0.
track segment angle inra

deviation from that reconstructed offline
17




L1 upgrade: future plan
= Mid. term: NSW (New Small Wheel), 2019- L1 MDT trigger (2023)

¢ upgrading the inner station

Endcap &/ :

+ Narrow strip: stronger for pileup _/A_/,_)
¢ Providing both fast signal (sTGC) for L1 ,,“

and precision measurement /

(Micromegas) for HLT/analysis Magnetic || _{

. : Field d

» ~130 um position resolution P B B

¢+ see next talk by A. Ochi P o Middle Outer
m Long Term: fast MDT trigger (2023-) \

¢ The B parameter also for L1
replaced by NSW (2019)

. TGC and Mi
m Kobe contribution > and VieTomegas

¢+ Micromegas production, quality control W

¢ electronics, LUT optimisation
18



L2 upgrade: future plan

m Coincidence with TileCal

¢ like L1, still possible reduction

EM

of fakes )
m Track-seeded algorithm |

¢ Hardware-based FTK (fast tracking) |
available from 2015

» Signal is ready while L2 starts
to process

¢ FTK-track + a segment in

Inner Station or TileCal may suffice
to find a muon track?

m HLT development for NSW for 2019

¢ Fast algorithm at the first step of muon HLT algorithm sequence

19



Understanding the trigger

m Precise determination of s v S
he tri fici 5 o
the trigger efticiency o T

¢ using copious Z—pup decays o ATLAS
0.4: \s=8TeV.ILm=m_3m‘ _:
a Level 1 (MU15)
i * Level 2 N
m The “MC scale factor” 4 oBemrer

¢ precision: typically below 1%

¢ also simulation good to <1% level

Efficiency

m Little dependence to
the amount of pileup

ATLAS
\s=8TeV I Ldt=203fb"

¢+ muon trigger is robust for
high-luminosity environment

Data/MC




Monitoring the trigger: data quality

Overall Status: Red -
+ CaloMonitoring: [uo] HLT/TRMUO/Shift/ES_mu24i_tight
+ CentralTrigger: Green
+ Global: Red
= HLT: Red

+ OffineShifter: Red

+ TRBIT: Green ! e .i . m-T
‘ - ' &

o
©
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¥
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efficiency
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+ TRBPH: Green
+ TRCAL: Red

+ TRELE: Green
+ TRGAM: Green 3
s JRHLY: Red ..:- i

o
©

s TRIDT: 0.85

MMQQ *

L1 endcap +

+

O el

+ TRIET: Red

+ TRMBI: Red Sanns ) .
+ TRMET: Green b ® ' w m .

- TRMUO: Green e ey o R T

Expert: Green

,! Shift: Green 0.75

0.8

ES_muZﬂ_!m& Grees £ T

ES muds tight: Greer 0.7

0.65

LI
Y I
—o—

ZIP: Green

£
-

+ TRTAU: Green 0.6

+ InnerDetector: Red
+ JetT agglng
Jets:

.+ od
+ L1Calo: luad
* Llhheffaoes Green

]ITI]]I

0.55 | . it T (50 | L | il | L |

202000 204000 206000 203000 210000 212000 214000 216000
run number

Web page display for DQ histograms: Trigger efficiency vs run number
example for HLT for 2012 operation

m Both L1 and L2 muon trigger monitors developed by Kobe
m Helping stable operation
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ATLAS Physics from Kobe




Reducing errors in Higgs cross-section
measurements through H—llvv

m |. Yuan and T. Kishimoto from Kobe
® Main focus: extending the kinematic range

* Higgs is lighter than what was assumed when designing analysis

¢ But this increasing background, too

> T I T T T T I T T T T | T T T T I T T T

5] [Ldt=451b" vs=7TeV ATLAS

2 Ldt=20.3 b \s=8 TeV =
5 J —+— Data |
ol s/b weighted sum . ) —
2 160 ' Combined fit: :
L Mass measurement categories — Signal+background

===+ Background
- Signal

H—-vy :

-
e
)
-

I|lIII[IIIIIIIIIIIIIIIIIIIIII II||II_

Eomle 0
Shape of the background
does not depends strongly
on analysis cuts, as the cut
values are low enough.

Events / 10 GeV

: I T T T l T T T T l T T T T l T T T T l T T T T
n .. -¢- Data <= SM(sys @ stat) -
300F- ATLAS Preliminary g ' m wzzzwy -
[ \s=8TeV,| Ldt=207fb" [J& [ SngeTop 1
n *) Bl Z+jets [] W+jets ]
250— H->WW '—evuv/uvev + 0 jets B H125Gey]
200 H-W*W- -
150F Transverse mass of
- lepton and missing -
100 —]
- transverse momentum -
50— =

0 50 100 150 200 250 300

Similar distribution shape m; [GeV]

between Signal and Background
— difficult to distinguish

final result in preparation... 54



Background estimation technique
developed by us

. 2 | ATIAS Profiminary <+ Dis % Sisosa) ]
m Diboson (WZ, /Z, ZY) + C o ATLAS Preliminary g vz,
- [ \s=8TeV,| Ldt=207fb" [Ji [ SingeTop
. . . ‘-.. g 250:— H—>WW(*)—>e\/pv/uvev+Oje’ts-Z+IGts E:vﬁzt:@evl —:
¢ looks similar to signal ey E ;
' ' o T H-W*W-
in extended kinematic :
< 0jet -
range - .
50;— —]
¢ use the same-sign contribution e = S
to estimate opposite-sign 7riSeV]
: | I 4+ 7 data-driven method to
slgna I Improve precision in estimation
3 T i AG Drafiai - bam % S (st
G gof. ATLAS Preliminary Wz
- - \s=8TeV,| Ldt=207fb" [J&  [JSngeTop 3
v % 70; H—>WW(*)—>evev/uvuv+1jet T et E:vﬁzt:@evl —E
A

® Top quark

¢ Using exactly the same sample

to the data analysis to estimate

b-quark rejection efficiency




Forward jet in different CMS energies
and parton densities in proton

| m by S. Shimizu
_hlghx_)wy m asymmetric configuration of jet production
¢ sensitive to parton densities in both low-x and
high-x regions

The European Physical Journal volume 73 - number 8 - august - 2013

— : —— YY"1 — — - "T — e 'Y"f — Y VY’X:

> } 1

s s GATLAS: — RA% %, ATLAS -

T : E T \ et

= ; _[L dt=0.20pb" 2 ]

o = r ]

e . y=a2 6TV allev 1 5;— -

[+ % -_" I e »t i == Bl

O - - 1

-d 3 - = ” -

= 2821 <36 anti-k, R =06 P nd R

- g Data with Q*=19 GeV? ]

S 9 TO Satalc 0 HERAI M ]

'.é L ] uncertainty 05' —— HERASATLAS jots R=06 fit _4:

-~ 05k -l O Systematic 1111l HERASATLAS jets 2.76 TeV R=0.6 fit -1

- e | % g uncertainties 0 e HERA*ATLAS jets 7 TeV R=0.6 ft -
> b I6sM <44 N ! ! 1a

= 1'5: n . NLO pQCD @ o e v —

. - N~ -

ﬁ- ' e non-pert. corr. 8 = j

e 3 cTopsp™) ¢ TE E

0 5'- —‘: A -~ T et 1:'_ —l

R o - POWHEG® PYTHIA ] - :!

- 1 — wneAUETZE = 0.9 E

Bom = -

30 40 10  210° (CT10,u=p;™) E - - - &) Springer
p'l' [GEV] POWHEG® PYTHIA 10 10 1 -
X

—&— tune Perugia 2011
(CT10.;|=9'T'“"|

vs POWHEG ® PYTHIA
(NLO interfaced to parton shower)
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Other contributions in physics analyses

m Standard model jet+photon
Previous subgroup convener (S. Shimizu)
m Speakers committee member (Y. Yamazaki)

m Editorial board: internal referees (S. Shimizu, Y. Yamazaki)

Forward jet: large |Ayjj|

Central jet: small |Ayj)|

/

q q

W

W

q Wt
—

/

q W+

An example: first evidence of

EW diboson scattering

m; > 500 GeV

—

* Data2012

20.3 b, \s = 8 TeV BXA Syst. Uncertainty

W*Wjj Electroweak ]

W*WHjj Strong
BN Prompt
Conversions

B Other non-prompt -




Summary

m Kobe contribution muon trigger on
¢ construction

¢ future development

m Physics analysis
¢ Various contribution, experience gained

¢ Jumping into Run-2, wishing for (at least) one more discovery.
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