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Motivation for High Luminosity-LHC DA Rty &

 LHC Experiments started data taking in 2010, since
then much has been achieved:

— Higgs Boson was discovered in 2012

— Several rare decays discovered (e.g. Bs = U'u)
— Measurements of CP violation in B sector
e No violations of the standard model yet
e Puzzles remaining:
— Dark Matter

— Supersymmetry
— Flavour or CP anomalies Beauty 2020
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LHC development

e The LHC is already running at L peak = 2.06 x 10
34 cm™s™?. Which is 2x the design specification

— In run 3: probably only linear improvements

e Ecws = 14 TeV is expected for Run 3. Which is the

full design specification
Beauwu



HL-LHC Timeline and Core Parameters

LHC / HL-LHC Plan
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[CERN-2017-007-M]
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ATLAS

EXPERIMENT

HL-LHC tt event in ATLAS ITK
at <u>=200

tt event in ATLAS ITk

<p> =200
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A Toroidal LHC ApparatuS (ATLAS)
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ATLAS Upgrade Program

System
Pixel

SCT

TRT

Lar + Tile

Muon

Trigger

PhaseO/ run 2

IBL at R=34 mm, new
cooling, new services

New power supplies

Gas leak repairs

New L1Topo,
Upgraded CTP,
Partial FTK

L2 + EF - HLT

Phase 1/run 3

New L1 trigger electronics

BMG and BIS78 detectors in
acceptance gaps
New small wheel detectors

New FEX,

New muon-CTP interface
HLT: multi-threading,
offline-like algorithms
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Phase 2 /run 4
Replaced by 1Tk pixel

Replaced by ITk strips
Decommissioned

New readout electronics
(input to LOCalo), 40 MHz
streaming,

High Granularity Timing
Detector (HGTD)

New chambers in inner barrel
Replace front-end electronics

LO (Calo, Muons) 1 MHz, 10

us latency
optional: L1 (LO at 4 MHz,
L1Track)

800 kHz, 35 us latency
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Radiation Lengths [

ATLAS ID and ITk Material Budgets
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[CERN-LHCC-2017-017, ATLAS-TDR-026]

ATLAS Muon System Upgrade

« New Small Wheel (NSW):
— Small trip Thin Gap Chambers (sTGC) —
Fast L1 trigger
— MicroMegas (MM) — precision muon
tracks
— Covers 1.3 < |n| < 2.7 —reduce fake
rates

« New inner barrel (Bl) RPCs:

— LO triggers acceptance for combined
muons |n| < 1.05 increases 78% = 96%

— Improves worse case (reduced RPC HV)
from 57% - 75% = 92%
10 [ATLAS-PUB-2016-026]
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[ Inner Tracker ] [ Calorinje.te:rs ][ illuon Sy?tem ]
ATLAS Trigger and Data Acquisition ||ty
U p g r a d e S i i i i [ Barrel | [NSW Trigger

Sector Logic Processor

Endcap MDT Trigger
Sector Logic Processor

—

» LO trigger — A hardware trigger based IR -

on calorimeter and muon information It .

— MDT precision available At (e )

— Global event processor refines objects Y.V, ¥, il s

— 1 MHz rate at 10 ps latency [ FTX fo- e e
° POSSible Dual LO/L]. trigger [ Data Handlers < LOtriggerd.ata(40MHz)

— 4 Mhz at 10 ps latency i < oot a1

~ Suppresses pileup [[Evem ][Stgw] — ]] i;mdﬁ(@ﬁkﬁfm i
e Data Acquisition, new Front End link 7 om0

1
Y,

eXchange (FELIX) and storage Handler B )
Event Filter: Hardware Track Trigger il

J

(HTT) 400 kHz then HLT software 10 kHz
11 Beauty 2020
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B-Physics HL-LHC Prospects at ATLAS

e Makes use of high luminosity to make precise BL - Jpo
measurements or find rare processes N2> J/PA°
— Improved lifetime and mass resolution can be exploited BL S utu
— Rare processes require complex trigger strategies > L

e Lepton Flavor Violation (LFV) and Lepton Flavor

Universality (LFU) - 3
e Heavy flavor production B:> ey
— B-hadron, Quarkonia production to test QCD B> K*ete
predictions

— Heavy Flavour in association with other objects (double
qguarkonia, double parton scattering)

— Searching for exotic states or new decay modes B.
decays, B.(2S), heavy baryons, tetra/pentaquarks

Beauty 2020
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O / . . . #;' S B B ]
BS — J LIJ(p- CP VIOIatlon %0.147 ATLAS -~ Run1, 7and 8 TeV, 19.2 b1
5 | Vs=7,8,13TeV 13 TeV, 80.5 fb”! ]
0.1 2? 68% CL contours — Combined 19.2 + 80.5 fb™' ]

— SM prediction

e B J/Wd with J/U->up, d->KK

- Agrees with SM |
— Consistent with other i
experiments ) =
~ Potentially new Physics as T s
uncertainty shrinks A 4
s = —0.087 +0.036 (stat.)+0.019 (syst.)rad |
ATy =  0.0641 +0.0043 (stat.) £ 0.0024 (syst.)ps™' . "7

13 I, = 0.6697 +0.0014 (stat.) + 0.0015 (syst.) ps
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B°— J/wep - Proper decay Time

3 x10°
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e The Insertable B Layer (IBL) added in Run 2:

— Precision improves by 30%

14  — Further improvement by ITk Beauty 2020
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Prospects for Bs— J/yg at HL-LHC (1) = oy R e o0
0.08 ' . .

 Dedicated signal MC samples: GO LT g
~ Lt =7x10* cm?s™ @ 14 TeV R s
<p>=200 pile-up events ooe B e TN
Preliminary ITk design: innermost pixel layers at 39 W T T T T T TR
mm and 80 mm: 50 x 50 um? pixels 20 %0 40 %060 7o 8(; (B??Ge:/?o

— Samples generated with muon pr > 5.5 GeV e T -

« Candidate selection is same astheRun1 ¢ == THEERL
paper o . ' _:

e 0 resolution improves over run2 IBL, Jogheesesenas ]
. . T S— N B
improves with pr ot pasarremnttl

e Could improve further with analogue ooal. I E
1 digital pixel clustering Lan '4‘0' . .6.0\ . .8.0. ST

varticac



Prospects for Bs— J/ye at HL-LHC (2)

e ECFA 2018 study (3000 fb*) based on Run 1, signal

from MC and background from data side-bands
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Bs flavour tagging calibration
Likelihood fit model

. . description
e Pseudo-experiments & fits Scription |
Trigger efficiency
« Systematic errors are based on conservative ID alignment
assumptions and should improve
Period Line [fb71] Niig fsig  Tag Power [%o] o (1) [ps] r‘iﬁft [rad] 6;‘:‘.‘;_ [ps~]
measured measured
(extrapolated @ (extrapolated)
2012 14.3 73693 0.20 1.49 0.091 0.082 0.013
2011 4.9 22690  0.17 1.45 0.100 0.25(0.22) § 0.021 (0.023)
5%?‘ [rad]
extrﬁpolated
HL-LHC 3000
Trigger p6u6 9.72-105 0.17 1.49 0.048 0.004 0.0011
Trigger u10p6 5.93-105 0.17 1.49 0.044 0.005 0.0014
16 Trigger w1010 1.75-10°  0.15 1.49 0.038 0.009 0.003 Beauty 2020




17

[Eur. Phys. J. C76 (2016) 513]

B(s) » utu - Run 1

BR(Bi) 2 1) w.r.t. BR(B* = J/Y
K*) can identify New Physics
arising via loop diagrams

Compatible with SM at 20

Lower in both BRs compared to
combined CMS & LHCDb result

In run 4 we expect better mass
separation and increased
statistics

B(B® — ut 1) [107°]

\s=7TeV,49f" 7
\s=8TeV,20fb" 7

B(BS - u* 1) (10

Beauty 2020
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Prospects for B(s) » p*u - Mass Separation

e Dedicated signal MC samples:

5 250 T i

2 - ATLAS Simulation —e— Run-2 Layout .

g L Preliminar —s— HL-LHC ITk Inclined Layout -

- Linst =7X 1034 Cm‘ZS’l @ 14 TeV % Zoo—t‘I_D/ITktracksy :';

1 bE * e 0 u +—-—f

<u>=200 pile-up events i e R
Preliminary ITk design: inclined designup ™} = 7-._ .« =
to|n|<4 and 80 mm: 50 x 50 um? pixels N

e Improved mass resolution of Itk: EEEAE S0 0s S e

— Barrel by x 1.65: 1.40 (Run 1)- 2.30

— End-Caps by x 1.5: 0.850 (Run 1)-> 1.30
18 Beauty 2020
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B(B® - u) [10°7]

06 T T | T T T T | T T T T T T T T T

Prospects for Bi) = P - Prospects - 2 g5 gs smsonrrimne
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. . ° 0.3
e Three trigger scenarios: ., |

- 2MU10 - 15X Ngum
- MU6_MU10 = 60 X Nauns 0.
- 2MU6 = 75 X Nt 0

e Pseudo experiments based on Run-1 analysis

|
(=
—

e Conservative assumptions about systematic
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1= - = - 1 Z - ]
u » o 0.2 4 @ 02 -
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T— 34 at ATLAS HL-LHC (W channel)

e This decay can be used to look for flavor
violations. This extrapolation is based on a
run-1 analysis which searched the channel
W->1v.

e« MCsignal (3000 fb) is produced and tested
under 3 scenarios:

— Non-improved: Same as Run-1 but scaled
luminosity and production cross-section

— Intermediate: Run-2 trigger and
reconstruction improvements. This
increases the signal yield x2.2

— Improved: Search window in tightened by
20 expect ITK resolution improvements.

0.8

0.6

0.4

0.2
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T I T T T | LI B |

W-channel

T I LI B I | I 1T T 7T I T T

ATLAS Preliminary
Projection from run-1 data
[dt L =3000 b5 = 14 TeV ]

—— Non-improved
----- Intermediate

- = Improved

..M-.l....l...f

15 20 25 30
BR(t—3u) [107)]
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T— 33U at ATLAS HL-LHC (HF channel)

HF-channel

o HF Flavor channels are lessclean & £ o s vomimy

Projection from run-1 data
[t L =3000 b /5= 14 TeV ]

but potentially accessible. Not
tried at ATLAS yet but an |
estimation is presented 06 ¢

— High background — assume background

— High background
----- Medium background ]

- Low background

: 0.4 .
is an order larger than run-1 W- IR
channel 0ol % -
— Medium background — HF background S ~___
. OI Lo Sralon trmelonogoa Loy 0 ) —
channel is 3x larger than the W- 0 2 4 6 8 10 12 14
channel BR(1—3y) [10°]

— Low background — Assume HF
21 background is the same as W-channel Beauty 2020



LHC phase P IGV | Nag 03 | ot & ot et ot o

Run | [0.04,20] | 128+22 | 008 030 040 026 021 048

[2.0,40] | 10623 | 0.11 051 031 031 028 041

B N K>|<O [40,60] | 114+24 | 0.13 043 033 035 027 042
d “- “‘ HL-LHC p6u6  [0.04,2.0] | 15800+ 190 | 0.007 0.025 0.030 0.024 0.018 0.038

[2.0,4.0] | 15200 + 180 | 0.007 0.055 0.030 0.028 0.020 0.037
[4.0,6.0] | 14000 +200 | 0.009 0.063 0.031 0.034 0.027 0.039
HL-LHC pn10p6  [0.04,2.0] | 10000 + 160 | 0.009 0.036 0.040 0.029 0.022 0.049
0.010 0.071 0.039 0.034 0.027 0.045

e ATLAS has angular analyses a0l | so0s 170 | 012 0om 0% ooss oo oom

HL-LHC p10pnl0  [0.04,2.0] | 3200£90 | 0.017 0.065 0.072 0.052 0.040 0.090
of the B = K*° uu decay. | oo oot ols ot oms oms bom
e Uses MC (3000 fbl) The precision in measuring a

I I _ representative P's parameter is expected
simulated with the HL-LHC to improve by factors of ~9x,~8x,~5x

layout and method and g? I

10 - Point b2

binning from Run-1.

e Three trigger scenarios are
considered muébmub,
MulOmu6 and mulOmulO.

22
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Conclusions

e Extensive upgrade program for LHC & ATLAS:
— HL-LHC: 5x LHC peak luminosity (7.5 x 1034 cm-2s-1)

— Detector upgrades: (ITk, NSW, sRPCs, LO/L1 hardware trigger,
EF software trigger)

— ATLAS B physics program continues in Run 3 and for HL-LHC

e May add additional triggers for electron decays or cascade decays

— Can expected improved measurements based on estimations

presented
23 Beauty 2020
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B> J/bd

% B \ T | \ T ]
8 0 1—_ *H —e— ATLAS 2012 <u> = 20 b
o N i —u— IBL Layout 6,6 <u>= 60 i
GN-’ = : ——+— IBL Layout 11,11 <u> = 60 e
'c—g 0 08__ ¢ " —— ITK Layout 11,11 <u> = 200 ]
E T o« .
s o f
0.06 *= —

- a ATLAS simulation i

004 " Y Preliminary 7

- x -

: I ]

0.02 _

0 0.05 0.1 0.15 0.2 0.25 0.3
c,(BY) [ps]
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Muon Resolutions — Digital vs. Analogue Clusters

w 1 T T i 0 T T T — T T 1 T 1
g10000— , . —— Digital, RMS: 9.83 pm i - , . —— Digital, RMS: 7.98 pm -
a L gral, H 214000 gial, H
U:'l L ATLAS Slmulatlon_____ Analogue, RMS: 9.66 pm g - ATLAS SlmUIatlon----- Analogue, RMS: 5.44 pm ]
= - . o '_ _
5 8000_—Single muon, p_= 100 GeV ] *512000- Single muon, p_ = 100 GeV
E I Inclined Modules for Layer 0 E‘] 0000/~ Inclined Modules for Layer 0 .
E i . ¥ i £ - . i
6000{—50=50 i — L 50=50
z e § 1 Zso00f" " A
4000 | 6000f
4000}
2000~ — C
i 2000 —
0_ R L ! 'D_ 1 L7 hJ L
-0.04 -0.02 0 0.02 0.04 -0.04 -0.02 0 0.02 0.04
locali™ - local™™ [mm] local"® - local}*® [mm]

e Clear improvement with analogue cluster

e Expect better vertexing
26 Beauty 2020



Lancaster EE3
University ©- 2

B(s) > p+u- - mass separation

8 0_1 L | L I L | LI | L LI | LI | LI
= : ATLAS Simulaton Preliminary ~ ----- B® mass :
5 | Vs=14Tev —e— Run-2 (IBL), (W) =22 |
5 008 Be—wu, IDATkiracks —a— [Tk Inclined, (u) = 200 —
o) ' Y i
N - : L (50x50um pixels, —
.C_; - E . . digital clustering for ITk) -
£ i i s
5 0.06_— Lo " N
< i E . i
0.04— e ]
_ ¥ ° i
L p- .'. |
002 I .. :l " .. ]
B o.. ... .l .°o )
[ . . i
11 1 E | 111 1 | 111 1 | 11
49 5 51 52 53 5. 55 56 57 5.8

m(B) [GeV]
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