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General purpose detector Calorimeter System

EM and Hadronic energy
Liquid Argon * LAr EM barrel and EC

Muon detectors Tile Calorimeter Calorimeter . LAr Had. EC
« Tile Calorimeter (Fe-Scin.)

l I hadronic barrel

Muon Specrometer

Toroid Magnets

Precision p tracking:
* MDT (Monitored Drift Tubes)
+ CSC (Cathode Strip Chambers
Trigger: \
+ RPC (Resistive Plate Chambe}
+ TGC (Thin Gas Chamber)

Inner Detector (ID)

Tracking
2T Solenoid Magnet Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
- Silicon Pixels, 50x400 pym?

« Silicon Strips (SCT), 80 um stereo

« Transition Ratiation Tracker (TRT) 36 points/track

29.11.2016 CKM 2016, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague




The ATLAS Experiment

« Triggering |n| < 2.4 B-Physics
* Precision Tracking [n| < 2.7

Muon Specrometer

Inner Detector (ID)

*p;r>04GeV, |n<25 * Resolution in m,,, : around 50 MeV for J/y

* New for Run2: Insertable B-Layer (IBL) and 150 MeV for Y(nS)
an additional inner-most pixel layer * Resolution in b-hadron proper decay time in Run-1 data
(r = 33mm) and lower x/X, beam pipe around 100 fs (~30% improvement with IBL in Run-2)
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Decay rate ~

t,c,u

' —
W[
P

t,C.u
Decay amplitude with mixing

gL

Direct decay amplitude

2

G

) Measurement of AT, and ¢, in B.=J/w(pp)o(KK)

« CP violation in B, - J/wé occurs through the interference in mixing and decay

b
c § >
“f‘ '
{W ZS + },/<
< 5 b ——t y

iy <

B. mixing: /<$)<\\
Mass difference * <4,
Am =my—m_ /
Mixing phase o, 2
Decay width difference /
AT, =T, - T}

« Time evolution of flavour tagged B, — J/wo very sensitive to New Physics

* 9 physics parameters to describe B, — J/yo¢ decay

Iy, Al decay with and
decay width difference

o, (= 2pB,) CP violating phase
A% [A |7 CP state amplitudes

0, 0, Strong phases

|Ag|?, 85 S-wave parameters

VeV
ViV (55 vov, B
(0,0) (1,0)

¢, small in SM, clear to see potential excess from NP

29.11.2016
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d*T

Measurement:

10

- ﬁ(k) (r)g(k) (GTa Yr, qu) !|
dt dQ kz

—1 f
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Datasets and Selection

» Latest result using Run-1 pp collision data at 8 TeV, combined with previous 7 TeV analysis
JHEP 1608 (2016) 147 PRD 90 (2014) 052007

« Datasets (pp): 7 TeV data, 5.08 fb™' (used 4.9 b"), L., = 3.7x10*cm™>s™
8 TeV data, 21.3 fb™ (used 14.3 fb™), L., = 7.7x10% cm™?s”

* Trigger: 20 MHz collision rate — ~400 Hz recording

. . E 107;— Wy | | ATLlAS Prelilminary—;
- B-physics concentrates on low-p; di-muon 3 -
signatures, in this case J/y — pu 8 10 ey E
- Trigger on low-p; (4,6 GeV) di-muon g 107 == - .
« 2 muons at L1 (HW-based) 10“
+ Confirmed at HLT oL
* Track vertex fit and J/w mass cuts at HLT - Fovmy | ‘ L
- 8 TeV data: low-p; maintained introducing barrel triggers at Lq i o ::;u [GQVT

e Selection: full B,—J/y(uwn)o(K*K") decay chain reconstruction with Inner Detector, no K/ separation

- J/y selection — di-muon vertex XQ/NDF<1 0, J/y invariant mass windows width 0.27 ... 0.48 GeV
(barrel - endcap)

- ¢ selection — pr(K*) > 1 GeV, ¢ invariant mass window 22 MeV

- B, candidates — 4-track vertex xZ/NDF<3, J/yo invariant mass range for analysis (5.15 — 5.65) GeV,
no proper decay time cut

29.11.2016 CKM 2016, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague



Knowledge of B,/B, flavour at production
significantly increases signal PDF sensitivity to ¢,

* Three taggers: muon, electron, b-tagged jet

——

« Key variable: charge of p;-weighted tracks in a cone (AR) around the opposite side
primary object (u, e, b-jet), used to build per-candidates B, tag probability

Muon tagger:
- muon p; > 2.5 GeV
- Az(n) w.r.t. PV <5 mm
- AR (cone) = 0.5
-xk=1.1
- tracks p1, > 0.5 GeV

Electron tagger:
- electron p; > 0.5 GeV
- Az(e) w.r.t. PV <5 mm
- AR(e%, B,) > 0.4
- AR (cone) = 0.5
-x=1.0
- tracks p;; > 0.5 GeV

b-jet tagger:

- b-tag weight 0.7 maximizing the

tagging power on B* sample Z]_Vtracks

qi - (p1i)*

ZN tracks

qi - (p1i)*

Qu: :

1

 Calibration on self-tagged B* — J/wK* channel:

ZN tracks

(p1i)*

3-track vertex, pt(K) > 1 GeV, Lxy > 0.1 mm

29.11.2016

- anti-k; (R = 0.8) Qiep = =
Jet = N tracks
~k=1.1 2 (pTi)¥
- using all tracks associated to the jet
3 o amds A :
= 90E \s_gTev, 195 10" =
(ap] o 3
o 80F =
— - .
- 70F E
X c E
§ 60F 5
S S0 3
'8 o T 3
S 405 e Data =
30 —— Fit =
20 f_ ------- Combinatorial background -
105_ I B - J/v X background _E

().........--L_L_L-L_L4_JHA_J-d-J=:J::L—hu—APA_J_J_J__LJ_j

5.0 5.1 5.2
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— — B* - J/y & * background

53 54 55 56
m(J/y K2) [GeV]




B-Flavour Tagging Results

Tagger Efficiency [%] | Dilution [%] | Tagging Power [%]
Combined p 4.12 +£0.02 474+ 0.2 0.92 + 0.02
Electron 1.19 £ 0.01 49.2 4+ 0.3 0.29 = 0.01
Segment-tagged u 1.20 = 0.01 28.6 0.2 0.10 & 0.01
Jet-charge 13.154+0.03 | 11.85+0.03 0.19 £0.01
Total 19.66 £0.04 | 27.56 4 0.06 1.49 + 0.02

« Per each B,-candidate, only one out of the available taggers is selected — the one with the
highest Dilution

2| 0.3

S L e
ol - ATLAS

s e e B 3rr———"—7"""——7————— 7713 037/
] " ATLAS . - ATLAS

-z T Vs= 5fo ' ] T Ys= 5 ] T ys= 5 -ch
0.250 Vs=8TeV,19.5f Combined muons 1 o250 Vs=8TeV,19.5f Electrons 4+ ozsf Vs=8TeV,19.5% Jet-charge =
E Data + ] . < Data ] - Data ]
0.2~ B - 0.2~ B - 0.2~ B -
E oB E E oB E E oB E
0.15— - 015 - 015 -
0.1 4 o4 ~J o1 -
- - - - L =-O— ——
- e OO i S . - o - . - e e e -0
0.05- oy e L0 00sE o T Lt o5 o ot -
- e I R 1 g et _._—o—"'*"‘-o-—O—O-o-‘o"-O-_o_ . - pechd ‘O‘-o-xx
o - l I I L o R A | S 1 T o i l l [ \
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
Ou _Qe (%m
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N Unbinned Maximum Likelihood Fit

N
In L = z:{wZ n(fs - Fs (my, t, 04,94, P(B|Q), pr,)
=L+ fs - fpo - Fpo(mi, ti, 01,2, P(B|Q), pr,)
+ fs - Ay - Fa, (M i, 04, €, P(B|Q), pr;)
+ (1= fs- (L+ fpo + fa,)) Fokg(mi, b, 04, S, P(B|Q), pr,)) }

Measured variables: Signal and background PDFs for conditional observables
» B, mass m, determined from data using sidebands subtraction; PDFs
B, proper decay time t, fixed in the fit
and its uncertainty o,
© R I I L I
* 3 angleS Qi (eTi’(pTi ’\IjTi) a ?1?:."_‘43""1‘ §7OO?QCL:€ev,14.3fb4 —'I[')c&)lttealllFit
i BS momentum pTi § 25: (s=8TeV,14.3 " - Data B ?g 600:_Combined mens gzckglround ]
ili S - — Total Fit 1 c “ooolgna
* B, tag probability pgq, S o 1 2.4 ;
° i . < N e Total Background ]
tagging method M, P E 0o]
o[- 1 300
5 E 200?:_\
L 100}
0 0.05 0.1 O 15 02 025 03 035 04 C

5 [ps] 3.2

Bs tag-probabllity
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N
In £ = Z{wz y ln(fs 'FS (mi7ti70ti79i7P(B Q)’ z)

=1 —|'fs : fBO 'FBO(miativgth’iap(B Q)7 )
—|_fs 'fAb 'FAb (mi,ti,Uti,Qi,P(B Q)? )

+ (1 _ fS ’ (]- + fBO + fAb))‘Fbkg(mZ7 z;O-t,“Qi,P(BlQ),pTi))}

Signal decay main parameters:

« CP violating phase ¢,

e Decay widthI', = (I'y + I'))/2

e Decay width difference AI' =T', - I'|

« CP state amplitudes |A,(0)|° and |A,(0)|*

* Strong phases 9, and d.

« S-wave amplitude |Ag(0)|” and phase dg
(fitting 05 — 0. to avoid high correlations)

« B, mean mass

* (Am, fixed to 17.77 ps™)

|2

29.11.2016 CKM 2016, Pavel Reznidek, pavel.rezn

B,—~J/WyK*(Kn) and A,—-»J/yA*(Kp) decay
reflections, derived from MC, PDG and the
LHCb A,—-J/wKp measurement; fixed
shape and relative contribution in the fit

Combinatorial background description,
derived from data sidebands; angular
distribution described by spherical
harmonics and fixed in the fit

icek@cern

Weights accounting for proper decay time
trigger efficiency (muons track d,
reconstruction efficiency bias); estimated
from MC

.ch, Charles University, Prague




Fit Projections

3
IIII|III\|IIII|IIII|III| |||||||||||||| IIIIXIIII_ w 106? T T I T T T | T T T | T T T T T | T T T | T T T T T
g ~ ATLAS ) . Data i & = ‘{A_ LAS . . Data 3 N
o 10__ {s=8TeV, 14.3 b :g?tigrlt - g F s=8TeV, 14.3 b — Total Fit 1Inl = 2 :{wz ln(
2 - B Uy K® i > 10 = --- Background = i—1
8 o Ay Iy p K 1 & -~ Signal -
= i i g otk — Prompt Jiy _ Js + Fs
w = - = 3
o | - i + Js+ fpo-Fpo
— ] 3_ u—
B ] 10°¢ + Jsr fay - P
4k . el N + (1= fo.oa, ) Foke) }
2 'l' ‘\‘ — 10_ .‘ 7;
Ll mlmmn il Aqd_“_¢;:lzsij-u 1., | I
E f T ! T ! ! ! ! 3 ©
= 3 = = 3
W 25y -5 W 2
g 4 & 7
LI TR
—2E = -2
-3F = -3
515 5.2 525 5.3 5.35 54 545 55 555 5.6 5.65 0 2 4 6 8 10 12 14
m(Jy KK) [GeV] Proper Decay Time [ps]
x10° 10° 10°
ge) 5 L L B B LA RS o [ L L L B B L B B BN AL - L L L B B L B BN BN LR
Y ATLAS e Data Total Fit o 10— ATLAS + Data Total Fit - & - ATLAS + Data Total Fit
© 101~ Vs=8TeV, 143" -~ Background — - CPodd ~| " s=8TeV,14.3fb" -~ Background — - CPodd | 2 10 Vs=8TeV, 143" ------- Background — - CPodd _|
|\-: - CP even S-wave ‘1:-’ CP even S-wave = B CP even S-wave i
£
w
-3 -2 -1 0 1 2 3 -1 -08-06-04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1
¢_[rad] cos(6;) cos(y_)
29.11.2016 10

CKM 2016, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague



Systematic Uncertainties

Ps AT’y Ts (40 (40 [As(0))F o1 o 0L —9ds
pad]  [ps7i]  [ps pad] [rad] [rad]
B Tagging 0.025  0.003 <1072 <1073 <1073 0.001 0.236 0.014  0.004
B Acceptance <1073 <1073 <107%  0.003 <1073 0.001 0.004 0.008 <1073
B Inner detector alignment 0.005 <1073  0.002 <1073 <1073 <1073 0.134 0.007 <1073
B Background angles model:
Choice of pr bins 0.020  0.006  0.003 0.003 <1073 0.008  0.004 0.006  0.008
Choice of mass interval 0.008  0.001  0.001 <1073 <1073 0.002 0.021 0.005  0.003
B BY background model 0.023  0.001 <10=2  0.002 0.002 0.017  0.090 0.011  0.009
B A, background model 0.011  0.002  0.001 0.001 0.007 0.009  0.045 0.006  0.007
B Fit model:
Mass signal model 0.004 <1073 <1073 0.002 <1073 0.001 0.015 0.017 <1073
Mass background model | <1072  0.002 <1073 0.002 <1073 0.002 0.027 0.038 <1073
Time resolution model 0.003 <1073  0.001 0.002 <1073 0.002 0.057 0.011  0.001
Default fit model 0.001  0.002 <10=2  0.002 <1073 0.002 0.025 0.015  0.002
Total 0.042  0.007  0.004 0.006 0.007 0.022 0.30  0.05 0.01

« Uncertainty in the calibration of the B-tag probability; MC statistical uncertainty included in fit stat. error
« Alternative detector acceptance fit-functions and binning determined from MC

« Radial expansion uncertainties determined from their effect on tracks d, in the data

« Background angles model (fixed in UML fit) extracted from data with varying sidebands size and binning
* Uncertainties of relative fraction; fit-model and P-wave contribution

» Uncertainties of relative fraction; fit-model and contributions from A, —» A*J/y decays

« Toy-MC studies; pulls of the default fit model, default fit on toy-data generated with modified PDFs

» (Trigger efficiency modeling in MC found negligible)

29.11.2016
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Result of the CPV B.,—J/w¢ Study

[
[ ) I:{E;E;let \Alitr] E3 -T-E;\/ (antEi TF—H L L L I B B B B B ]
2 0.18-ATLAS —— 68%C.L. =
— Ly -1 |
Parameter Value Statistical | Systematic » - \s=81ev, 1431 = Standard Model -
----------------- qu-cgr-t%igt-}/- i grlc-el;tg‘izniy- % 0.1 6: AFS constrained to > 0 C.L. are statistical only ]
' g[rad] —0.110 0.082 0.042 & 0.14F .
v Al [ps™! 0.101 0.013 0.007 i -
I Tps™1" "1 70.676 0.002 0.004 0.12- g
|A||(O)|2 0.230 0.005 0.006 0.1- B
| Ag(0) |2 0.520 0.004 0.007 T i
| Ag(0)]? 0.097 0.008 0.022 0.08 .
01 [rad] 4.50 0.45 0.30 -
0 [rad] 3.15 0.10 0.05 0.06- B
0, —dg |rad —0.08 0.03 0.01 . i
S 0.04¢ | | | | | L
* Fit correlation matrix: 06 -04 -02 0.4
i . . O [rad]
AT [ T, [[A0F [ A0 [ [AsOF [ 9 6L 86
Os 0.097 | —0.085 0.030 0.029 0.048 0.067 0.035 | —0.008
AT 1 —0.414 0.098 0.136 0.045 0.009 0.008 | —0.011
I 1 —0.119 | —0.042 0.167 —0.027 | —0.009 0.018
|A||(O)\2 1 —0.330 0.072 0.105 0.025 | —0.018
| A0 (0)]? 1 0.234 | —0.011 | 0.007 0.014
|Ag(0)|? 1 —0.046 | 0.004 0.052
o) 1 0.158 | —0.006
d1 1 0.018
29.11.2016
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« Combination of 7 & 8 TeV results (BLUE comb.) %,

Result of the CPV B.,—J/w¢ Study

7|I|\I|\III‘II\I
- ATLAS

£ \s=7TeV, 49"

[ \s=8TeV, 14.3fb"
[ AT’s constrained to > 0

_ C.L. are statistical only

T T | 1T T T ‘ T 17T |
-=- 68% C.L. (1s =7 TeV)
- 95% C.L. (1s =7 TeV)|
—— 68%C.L. (1s=8TeV) |
vvvvvvvvvvvv 95% C.L. (Is =8 TeV)
m  Standard Model

F\s=7TeV,4.91b"
—\s=8TeV, 143 fb"
- AI'g constrained to > 0

| 111 | | 11 ‘ 11 | 1 11 | | ‘ 111 |_
-15 -1 -05 O 0.5 1 1.5
¢_[rad]
B T ‘ T T T | T T T ‘ T T T ‘ T | T |
—ATLAS —— 68%CL.L.
L Ve _ 7Ta\y 401 e 95% C.L.

m  Standard Model
C.L. are statistical only

Illllllll|IJI‘IJ\|\I\\J\I\IJI‘\

1 1 ‘ 1 1 1 | 1 1 1

I I P
-0.6 -04 -0.2

‘n
o
Runl combined o 0.2
Par Value Stat | Syst < 015
¢, [rad] —0.090 | 0.078 | 0.041 e
AT, [ps™'] | 0.085 | 0.011 | 0.007 o
Ty[ps!] 0.675 | 0.003 | 0.003 e
|A4(0)? 0.227 | 0.004 | 0.006 -
| A9 (0)? 0.522 | 0.003 | 0.007 0.05
|Ag|? 0.072 | 0.007 | 0.018
8, [rad] 415 | 0.32 | 0.16
5 [rad] 3.15 | 0.10 | 0.05 005
6, —dg [rad] | —0.08 | 0.03 | 0.01 '
-1 —
0.14 bo8fb HFAG @ '90.18
=
j 0.16
— 0.12 68% CL contours
. (Alog £ =1.15) | 0141
.&, 0.10l CDF 961" | 0.12
¥l
— 0.1
< 08 0.08
0.06
0.06¢ ATLAS 19.2 fo" 0.04L
~04 ~02 0.0 0.0 0L4
ICHEP 2016 Qb gcs [ra d]
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Measurements in Run-2 and Beyond

C/ )
LHC / HL-LHC Plan Luminosity
LHC
. LHC )
Run 1 | \ Run 2 | | Run 3
LS1 EYETS 14 TeV 14 TeV
13-14 TeV - energy
splice consolidation injector upgrade ervolimit 510 7 x
7Tey 8TeV button collimators cryo Point 4 T on HL-LHC installation Lainoal
—— R2E project Civil Eng. P1-P5 regions P

2017 2018 2019 2020 2021 2022 2024 2025

W/
dilrlr;agoe

/ integrated
EXd | 150 b | 300 fb" liminosiy

* New pixel layer (IBL, 32-38 mm) * New small muon wheel » Completely new Si based

+ small radius Be beam pipe * Fast tracking trigger (FTK) at tracker (ITK)
* Topological L1 trigger LVL 1.5; available in Run-2 S

(4] P R N g 1400-ATLAS Simulation Preliminary -
= ' New Small Wheel Big Wheel EM T jgpop TEImed 5
o Select tracks pointing to : n- ' ]
m the IP matching the big  ——1 1000 e 20 ]
- - n=20 7
| wheels | 800 / —
500 e -
New Small Wheel Elj /x r 7/ 7
[ ] //“ 400,—/'— n=30i
| ;_d LT "
............. ,//x 2003" m‘\\ilil\l\:ll 1T n=40 1
2ets s s BRI AT AR ANR A L]
00 500 1000 1500 2000 2500 3000 3500
. D, _ P . z[mm]
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* Resolution: invariant mass in decay B,—»uu,
proper decay time in Bi—»J/y(u'w)o(K'K") decay

« Comparison of Run-1, Run-2 (IBL) and
HL-LHC (ITk) performances

» Trigger: use L1-topo (keep low thresholds at L1)
and complicated HLT with full Bi—»J/y(u 'u)o(KK")

decay topology reconstruction at trigger level

'é 0.16
o .14
&
0.12
0.1
0.08
0.06
0.04

0.02

_I T 11 I LI I L I T T 1T | L I L UL LI I LU I—
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§ Detector Performance in Run-2 and Beyond
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@ Summary

« ATLAS has measured ¢, with full Run-1 dataset, combining 7 & 8 TeV pp
collision data, in the decay channel B, —» J/y(u'n) ¢(K'K")

- Results are consistent with Standard Model prediction as well as with
other measurements:

0.14 DO 8 fb/
o I 68% CL ]
é, = —0.090 = 0.078 (stat.) £ 0.041 (syst)rad 7 = Ko | contours

AT, = 0.085%0.011 (stat.) = 0.007 (syst) ps~' 2 g0l [Gorosm ' [ —
[, = 0.675+0.003 (stat.) + 0.003 (syst) ps~'  ~ VA
< 0.08 mbined
JHEP 1608 (2016) 147
0.06} ATLAS 19210~ M
~04 ~02 0.0 0.2 0.4

ICHEP 2016

<2 rad]

* The analysis is continuing in Run-2 and will continue also in the future
stages of the LHC

- Detector upgrades (namely in tracking and muon system) and new trigger
strategies and tools will help to cope with the high-luminosity environment
and achieve precision needed to examine possible beyond-SM effects
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Comparison with Other Experiments

*  B,-J/yo(KK) channel: ATLAS JHEP 1608 (2016) 147, CMS PLB 757 (2016) 97, LHCb PRL 114 (2015) 041801

ATLAS 0.085 +0.011 (stat.)+ 0.007 (syst.)

CMS 0.095 +0.013 (stat.)+ 0.007 (syst.)
LHCb 0.0805 + 0.0091 (stat.)+ 0.0032 (syst.
K 1
PR [ ST ST ST T [ TN TN T T [ T T T T NN TR SR T S N
0.07 0.08 0.09 0.1 .11

AL [ps™]

ATLAS 0.675 £ 0.003 (stat.)*= 0.003 (syst.)

H—e—4
CMS 0.670 £ 0.004 (stat.)= 0.005 (syst.)
LHCb 0.6603 + 0.0027 (stat.)= 0.0015 (syst.

H———

ATLAS 0.227 + 0.004 (stat.)+ 0.006 (syst.)

RN S [ SR SO TR T (NN Y TR TR T NN TR T TN TN NN T SN T T
066 0665 067 0675 068
I's [ps]

ATLAS -0.090 £ 0.078 (stat.)+ 0.041 (syst.)
CMS -0.075+ 0.097 (stat.)+ 0.031 (syst.)
LHCb -0.058 + 0.049 (stat.)+ 0.006 (syst.)
PR T TR W [N TR TR TR T NN TR ST S T [ TN TN T A N TR S S
-02 —0.15 01 —0.05 0
¢_[rad]
ATLAS 0.522 + 0.003 (stat.)* 0.007 (syst.)
CMS 0.510+ 0.005 (stat.)+ 0.011 (syst.)
LHCb 0.5241+ 0.0034 (stat.)+ 0.0067 (syst.)
M 1 M L M L 1 L L L L 1 L L L L 1 M
0.5 0.51 0.52 0.53
AOF
ATLAS 3.15+0.10 (stat.)* 0.05 (syst.)
[
CMS 3.48 + 037 (stat.) + 0.68 (syst.)
LHCb 3.26 £ 19 (stat.) = 505 (syst.)
1
PR [T TR T T T T N TN T T NN VO TN T T T T T [N SN T T '

ATLAS 0.072 + 0.007 (stat.)+ 0.018 (syst.)
—_ —

CMS 0.012 + 09% (stat.)+ 0.022 (syst.)

LHCb

M PR
28 3 32 34 36 38 4 42
5“ [rad]

29.11.2016

| I S T I T T 1 PR P PR PR
-0.02 0 0.02 0.04 0.06 0.08 0.1

i
CMS 0.247 £0.008 (stat.)+ 0.012 (syst.)
LHCb 0.2255 + 0.0044 (stat.)= 0.0032 (syst.
H——H
PR SR [N SN TR T N T TR TN TR NN A TR TN TR WO AT N TR S T N TR
0.22 0.23 0.24 0.25 0.26
A (O)F
ATLAS 4.15+0.32 (stat.)= 0.16 (syst.)
A
CMS 2.98 £ 0.36 (stat.)= 0.66 (syst.)
LHCb 3.08 £ 212 (stat.) £ 0.06 (syst.)
o |
PR SR SR TR N TN [N T T TN T [N TN T TN TR [T N T T SO M 1
2.5 3 3.5 4 4.5
&y [rad]
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IAs(0)F
ATLAS -0.08  0.03 (stat.)+ 0.01 (syst.)
=
CMS 0.37 £ % (stat.) + 0.18 (syst.)
LHCb

-01 0 01 02 03 04 05 06 0.
8- 6 [rad]
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Signal PDF

. (Séigzn?l Limtcﬁ-:mgular PDF: 2 PDFs for B, and B,(alternative + signs): PDF(B,), PDF(B,)
Z volve 1:V' etector resolution) Tagged fit: Prob(B,-tag)*PDF(B,) + (1-Prob(B,-tag))*PDF(B,)
d*T it: - _
4 ZO(k)(t)g(")(HT,ger,qu) Untagged fit:  Prob(B.-tag) = 0.5
k=1
Symmetnes {¢S7 ArSa 6J_a 6”} — {ﬂ- - ¢Sa _AF87 T 6J_7 2m - 5”}
105 AL, 00 O dgy=rt—derAFm="0,,-0y. — 05} (untagged fit only)
k O(k) (t) g(k) (9T7 wT) ¢T)
CP +1 1| £[A40(0)* |(1 4 cos¢s) e Iy (1 —cos ¢y) e~Tit 4+ 9¢—Tst sin(Am,t)sin ¢, | | 2cos?p(1 — sin’ Op cos? ¢r)
gg :"11 2 | 5[A41(0)7 | (1 + cos¢s) e_F(L(S))t + (1 — cos ¢s) e TH t 4 9¢~Tst sin(Amgt) sin ¢ | | sin® (1 — sin? O sin? ¢7)
3 %|AL(O)\2 (1 —cosgs)e TL’t + (1 + cos ¢s) e~ Tii't T 2 st sin(Amyt) sin ¢ | | sin® ¢ sin® 67
1T . . .
. 5 ]AO(O)HAH((l())—I\_CCos 0] o . . | % sin 2¢pp sin” Op sin 267
os¢s)e + (1 —cosgs)e " u't 4+ 2e" < sin(Amyt) sin ¢
ference 5 | |A(0)]|AL(0)|[2(e Tt Fg)t) cos(01 — d)|) sin ¢y — sin? 1 sin 207 sin ¢
terms :i:e L t((s)m((ﬁ —((5|)|) cos(Amyt) — cos(61 — J)) cos ¢ sin(Amyt))]
6 | [Ao(0)]]AL(0 )H (e —I1¥t g FI; zzcos(;h_ sin(gis ) %Sin%ﬂT sin 207 cos ¢
e '(sind) cos(Amt) — cosdy cos P sin(Amt))]
7 | 1As(0) {(1 — €08 ) e Tt (1 + cos ¢s) e~Ti t  2¢—Tst sin(Amgt) sin QSSJ 2 (1 - sin® O cos? ¢r)
8 | [As(0)]|A;(0)|[L (et — e=TH't) sin(6 — b) sin ¢, L/Bsin g sin® O sin 267
S-wave fe T (cos(5|| — 0g) cos(Amt) — sin(d) — ds) cos ¢, sin(Amist))]
terms 9 %‘AS(O)HAJ_( )| sin(d — 55) %\/_ sin ¢ sin 207 cos g1
[(1 — cos ) e Lt —I— (14 cosds) e~ TH t F 2e~Tst sin(Amst) sin %]
10 | |A4o(0)||As(0)[[3(e Tt . t)smdg sin g 2V3cosypr (1 — sin® O cos? ¢r)
ie (cos dg cos(Amyt) + sin dg cos ¢, sin(Amgt))]
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Unbinned Maximum Likelihood Fit

Measured variables:

lnﬁ = Z{wz : lﬂ(fs : 'FS (miatia Ot,, Qia P(B Q)apT@) . Bs mass m;,
=1 4 fo - fgo | Fpo(ms, t;, 04, Q, P(B|Q), pr,) * B, proper decay time t;
+ fs - fay WA (M.t 04, 4, P(B|@Q), pr,) and Its EECHEIIVECy

* 3angles Q; (6,9, yr)
+ (1= fs - (14 fpo + fa,) Foke(mi, ti, 01, Qi P(B|Q), 1))+ B, momentum p-,
* B tag probability pgq

Signal decay main parameters: B,—~J/yK*(Kn) and * tagging method M,
* CP violating phase ¢ A,—=JWA*(Kp) decay e
» Decay width I', = (I'y, + I})/2 reflections, derived from 250 (o aTev, 143" . Data |

Entries / 0.005 ps

« Decay width difference A’ =T, - I, MC, PDG and the LHCb 20f- e .
- CP state amplitudes |A,(0)[* and |A(0)* || Av—J/WwKp measurement; P A fotBackoroums :
* Strong phases 6, and o. fixed shape and relative b E

« S-wave amplitude |As(0)]? and phase &, || contribution in the fit
(fitting &5 — o1 to avoid high correlations)

S AT TS P e ! . 3
0 005 01 015 02 025 03 035 04

* B, mean mass Signal and background gk
* (Ams fixed to 17.77 p3_1) PDFs for conditional Q T ARRRARRRY
_ . observables determined 7% g-aruint  —rmr
Weights accounting for proper decay from data using £ 600} oSgnal
time trigger efficiency (muons track d, sidebands subtraction:; i 500
reconstruction efficiency bias); estimated PDFs fixed in the fit 400¢
from MC 300
200

Combinatorial background description, derived from data 1003 ----------------------------------

sidebands; angular distribution described by spherical QLo Lo b L

harmonics and fixed in the fit B, tag-probability
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B-Flavour Tagging Distributions

* Cone charge for the calibration B* and B™ data samples

z|00-3_|""|""|"“\""_ 03— 1 W73 W7 ]
oo | ATLAS ] - ATLAS 1 - ATLAS ] - ATLAS ]
-z 0.250 fs=8TeV, 195" Combined muons 1 ozt fs=8TeV,195f" Electrons +_: 0.250 {s=8TeV,19510" Segment-tagged muons_: 025- {s=8TeV, 195" Jet-charge b
E Data 4 1 T Data Data Data
0.2 oB* -4 02 oB* 71 02-4 B + a1 02 oB* 7
r oB ] r oB ] r oB ] - oB ]
0151 7 015 7 015 7 015p .
01 1 o4 T4 oo 1 of -
0.05F - Py e W 1 005F L T . et d ook ++¢*jﬁ:gﬁ++ ++ 1 005F o T ]
N e T o 1 C 4+, o ] C ++FH > ] C e o ]
Gk | .'.'.ﬂ | P -O-‘ ﬁ-O‘Oj_O: | ] Gf | .'.'.-’-‘-’-.-.-I .-.-. R R T RN N .-O-.'O' [ G_ | f‘ PRI NIRRT NS S .-O-.:g:. | ] 0' | "-2:,-._‘ i S B .-O-‘:(.):‘ | ]
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
Qp Qe -QP et
« B.-tag probablity distribution in the fit, signal & background obtained using
sidebands-subtraction method on the real data
© Ty o L e e T et 03800,\""|""|""""|'H'|""_,-1800_....”...'....K.K.‘.‘.‘._‘
S FATLAS . Data 18 - ATLAS « Data 1 9 C ATLAS + Data 15 L ATLAS ]
o 700? \s=8TeV, 143 1" — Total Fit 4 o F\s=8TeV,14.31b" — Total Fit 1 oS 700F\s=8Tev, 143 1" TotalFit H S 1600/ 1s=8TeV, 14.3 fb" J
; + Combined muons ... Background : ; 250__Electrons e Background ] ; [ Segment-tagged muons PR Background | ~ F Jet-chargey 4 * b
g 600 ---- Signal E *GC-)' - --- Signal *GC: 600;— -=- Signal € %1400? + 3
s i 200 1 500t 1 di1200F o E
400 1501 400 4 1000- E
H : F ] i * Data E
300 300F 3 800? Total Fit ]
100, E 1 600 Y E ---- Background .
200 Ry 200 E C S e Signal 1
I [ ] 400F /5 e .
50 A E Y .
100 T e LR 100; PN ] 200/ . 4]
0 “ 07I L |~‘|-‘T i Ml e 2] Y0 STl ok ek T‘-l"\-'\-‘_li-|-‘\-: 1 e - '-"':" = 0 ,—",.'b,’ v lv v v v b v v v b v v byl ‘\.\1
02 03 04 05 06 07 038 02 03 04 05 06 0.7 02 03 04 05 06 07 08 04 045 05 055 0.6
B tag-probability B, tag-probability B tag-probability B, tag-probability
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1D Likelihood Scans

« Cross-check of the Gaussian behavior of the likelihood, resp. asymmetry of the errors

:T 7‘ T T T T | T T T T | T T T T T T T T l :I\ : T T ‘ T T T | T T T T | T T l:
T T/ ATLAS 7 = 40-ATLAS B
< F\s=8TeV, 143 b 3 P 35;\‘s=8TeV, 143 b i
o 6 e o C H
C + C + 7
5 . 308 R
it - T A
:"'_"_ j’ i 25_7—5_ r B
4t +F E £
ok oo 20 % £
C + + ] r + 4 B
3F & iy ] . + .
- + + B C T + ]
- Foo 156 % o
- g # . C k! # ]
2F T 7 - - E: i ]
- ﬁ; 7+ ] 10 g ;ﬁ -
] K‘\N w"pﬁ ; i R _&fﬁ —:
0:‘ IR R M IR B I % O: I | 1 1 I HHI”” I I | | 1 1 |:
—0.3 -0.2 0.1 0 0.1 0.05 0.1 0.15
o [rad] AT [ps’]
j 60_7\|III\|III\|I\\\‘\\\\ll\llII|III\I\\\I\\\I\\7_ g _l\\ll\\l‘ll\‘\\lllll 1T TTT LI I\\Il g :\\‘ll\\‘l\\\‘ll\\llll\ TTTT TTTT III||I7
I=4 r ATLAS ; ] )= 5,_ATLAS . - b= 35:_ATLAS 1 E
4 r\s=8TeV, 143 1b I < L \s=8TeV,14.31b A < T \s=8TeV, 14.3 b ki
o 90 ] o i +] o i +
! L ] ! B +7 ! 307‘ +]
£ A 4- +7] i A
’ 4 & + ] ut i1
40+ + 7] Rl + 25—_++ i
- i 3l % P F ]
301JfF i - ] 20F % +++ .
L + 4 i i t + i r tL 4 ]
T + A I i ] B 4 iy 1
. F 2- % i 150 % E
20 % - C Y LR -5 &
- % # ] i H F 1 C H i .
S i Y & ] 10- % & E
C iy A 1 . e & ] F iy & 1
g ﬁgr% M i | R : : i h ! E
:\lllllllll\ll\\\‘!\ ‘H:‘HIIII\ 1 II\Il!\\Il\\\Il\\: :l\\ll\\l‘ll\‘\\ II:I:M—”ﬁFﬁﬁﬂiVllllllllT E\\‘ll\\‘l\\\‘ll\ I:I:L}&a$IEP1JJ‘TﬁTV|IIII|IIII|IE
O2.7 2829 38 313233343536 638 4 42444648 5 5254 O—0.25—0.2—0.15—0.1—0.05 0 0.05 0.1
8” [rad] 8 [rad] 3 & [rad]
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UML Fit Pulls

« Cross-check of the self-consistency of the Unbinned Maximum Likelihood fit

R R e T T T T T T 40 T T . 3 T T T —
120 ATLAS Entries = 2845 7 140~ ATLAS Entries = 2845 - ATLAS Entries = 2845 . - ATLAS Entries = 2845 .
- Vs=8TeV, 14.3 b x2/ndf=61.1/69 F Vs=8TeV, 143" X2/ndf=60.1/60 ] 120 Vs=8TeV, 14.3fb" X2 /ndi=60.1/64 4 120 Vs=8TeV, 14.3fb™ x2/ndf = 61.4/62

L p=-0013+0020 J 120 pu=-0.111+0.019 - C p=-0.161+0.019 I L p =-0.257 £0.019
100~ 6=1.027 £0.015 ] c 6=1.00920015 { 4100 6=101620014 J 1goF + G =1.006%0.014 ]
- 1 100F — C ] C ]
80 = C ] o 3 C ]
: 1 sof 1 %% ] oo :
60 - C ] r ] [ i
. 1 sof 1 eof | 60F .
aor 1 wf q 4oF 4 4of =
sof- 1 ) 1 20F E
0' 1 n 0' 1 . . 1 7] O- aal Y 1 . 0' PYPS

-4 -2 2 4 —4 -2 0 2 4 —4 -2 2 4 -4 -2 0 2 4

@, pull AT pull A, pull Ag pull

T T g0 T T T T T T T T — —T T r r —
100 ATLAS Entries = 2845 - [ ATLAS Entries = 2845 ] 120 ATLAS Entries = 2845 -1 140F ATLAS Entries = 2845 -
[ ¥s=8TeV, 14.3fb" /ndi=638/61 ] 140 ys=8TeV, 143 1fb" ¥2/ndf=64.3/64 ] L Ys=8TeV, 14310 %2/ ndf=86.0/69 [ {s=8TeV, 143" ¥2/ndf=54.8/59 ]
100E- p=0114+0019 A E n=0317£0019 1 o0 p=-0.051£0.021 1 120F 1 =-0.045£0.019 J
N 6=1002+0014 § 1201~ 6=0.964+0014 - - 6=1.021£0.014 1 C 6=0968+0014 ]
sol- 1 toof 4 el ++ 1 ™°F E
- ] F 3 C 1 sof 3
60f- - 5o ] 8o . - 3
B ] 60:— —: r ] 60 -
40 - E i 4o — - .
s 1 4o0F - C 1 40 =
20 1 20F 1 2F 1 20F 3
ok X L] ok e . ok . - 0: T .

-4 -2 2 4 -4 -2 0 2 4 -4 -2 2 4 -4 -2 0 2 4
I, pull A, pull & pull J)- O pull
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@ ATLAS ¢, Measurements in Run-1

« Comparison of the 7 and 8 TeV tagged analyses with the combination

8 TeV data 7 TeV data Runl combined
Par Value Stat | Syst | Value | Stat | Syst Value Stat | Syst
¢s|rad] —0.110 | 0.082 | 0.042 | 0.12 0.25 | 0.05 | —0.090 | 0.078 | 0.041
AT [ps™!] 0.101 | 0.013 | 0.007 | 0.053 | 0.021 | 0.010 | 0.085 | 0.011 | 0.007
[,[ps™} 0.676 | 0.004 | 0.004 | 0.677 | 0.007 | 0.004 | 0.675 | 0.003 | 0.003
|A||(O)|2 0.230 | 0.005 | 0.006 | 0.220 | 0.008 | 0.009 | 0.227 | 0.004 | 0.006
| Ag(0)]? 0.520 | 0.004 | 0.007 | 0.529 | 0.006 | 0.012 | 0.522 | 0.003 | 0.007
| Ag|? 0.097 | 0.008 | 0.022 | 0.024 | 0.014 | 0.028 | 0.072 | 0.007 | 0.018
01 [rad] 4.50 0.45 0.30 3.89 0.47 | 0.11 4.15 0.32 | 0.16
d) [rad] 3.15 0.10 | 0.05 [3.04, 3.23] 0.09 3.15 0.10 | 0.05
d1 —dg [rad] | —0.08 | 0.03 | 0.01 [3.02, 3.25] 0.04 —0.08 | 0.03 | 0.01

7 &8 TeV 8 TeV 7 TeV 7 TeV (untagged)
JHEP 1608 (2016) 147 JHEP 1608 (2016) 147 PRD 90 (2014) 052007 JHEP 12 (2012) 072
v‘_l—| _|‘VV\[V!V‘V\V[I\V[!VV‘\_ vI_l— ‘VIvv\||v||v||]vv||v||‘\_ ‘!'_—| 7‘|IVVIIVIl‘|v|l‘vl¥¥|l¥(l[|l¥!l_ ‘I_'_‘ _\|“|"||““'\""[""\""_
% 0.18-ATLAS — 68%C.L. . © 0.18-ATLAS — 68%CL. . @ 0.14}- ar constrained to > 0 —68%C.L. — @ 0.14[- 3 constrained 10295+ 0.39 rad  —68% C.L. .
= [is=7Teviaon! koL S5 [s=8Tev,143fp" RO T T arias esoL ] S [ oreorranedio=0 oL
% 0'1677\8 =8TeV, 14.3 1" C.L. are statistical onlyi % 0.1 6jAF5 constrained to > 0 C.L. are statistical only p % 012j _7TeV -I-Sla;da-rt.l Model | % 012f ATLAS -I'Standa.rt.l Model
[ AT’s constrained to > 0 ] r ] F J' L\ dst: 4 ;}b.w AT, = 2[T|cos(o,) L Vs=7TeV AT, =2[T,,|cos(9,)]
014_7 ] 014? N 01; - ! 01; J.Ldt=4.9fb4 Wb —
0.121 e ] 0.12¢ ] 0.08]- 3 0.08F
0.1 B 0.1 ] 0.06]- 3 0.06]-
0.08- E 0.08¢ E 0.04/- ] 0.04[-
0.08 ] 008 E 0.02" ] 0.02- 4
0.04F . 0.04f . y y V4
ol e e b b e e e Ly L L L L L PRI BN SR E N OJ||‘III\||‘|\’('ILJ-'I'IIII\\I‘[I\\I 0\ eed
06 04 02 0 02 04 . : . 02 04 15 1 05 0 05 1 15 1.5 -1 -05
Jyo
0, lrad] 0, lrad] o, Irad]
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Data Taking (pp): Run-1 and Run-2

_ I
« 7 TeV data, 5.08 fb™ 8 TeV, 21.3 fb™ 13 TeV (2015), 3.9 fb 13 TeV (2016), 36.0 fb™
50ns, 3.7x10*cm2g™ 50ns, 7.7x10% cm3s™ 50/25ns, 5.0x10*cm™s™ 25ns, 13.7x10% cm2s™

‘rl \\\\\\\\\\\\\\ ‘ \\\\\\\ L : ‘.‘F! [ T T T T ‘ T T T T T 7T ‘ T T T T T 1T ‘ L B B B § | VT'_| :\ T ‘ T T T ‘ L | T 7 ‘ T T T ‘ T \: ,T'_' :\ T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T 1T ‘ T \:
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2 C DLHC Delivered 1 S E |:|LHC Delivered E ‘%‘ S DLHC Delivered ] ‘% r DLHC Delivered ]
§ [ [] ATLAS Recorded ; g 251 [ ] ATLAS Recorded 1 € | []ATLAS Recorded 12 4o [ AnLas Recorded ]
% 5;_ Total Delivered: 5.61 " _: g L Total Delivered: 23.3 b : % 4 ; Total Delivered: 4.2 fo" ] g Total Delivered: 38.9 b i
- | Total Recorded: 5.25 b 1 - 201 Total Recorded: 21.7 fb” 1 3 - Total Recorded: 3.9 b 4 5 an Total Recorded: 36.0 0’ 1
g 4 28 I 18 3L 1 9 3¢ ]
© r 19 150 q g i 1%t 1
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« Comparison of the proper decay time resolution distributions in
Run-1 and Run-2 data:

3

& ool I T 7
8 8000 o Do 1 8 L ls-8Tev.143m" . Data2012 E
S' 7000;* — Total Fit *; o r — Total Fit ]
@ - --- Signal E % 20 --- Signal ]
§ 60005 """ Background ] 2 R e WP Total Background ]
(T 5000) ERTT g
4000 ATLAS — C ]
B =7 TeV ] C ]
3000} J- L‘[dst = 4.gefb" - 10 _:
2000 . - C P (u)N=83GeV 7]
- <p(W)>=78GeV | S5 7
1000 E C ]
B | . Lol 0 ve edocscsosoodscscsooord

00 5 0 005 01 0145 02 025 0. 035 0.4
o, [ps] o, [ps]

x10° x10°

a A L L @ g5 T T T T T g
v 16 ATLAS Preliminary 4 8 405_ ATLAS Preliminary E
S C {s=13 TeV, 3.2 fo’* 1 9 - (s=13 TeV, 18.8 fb™ ]
o 14 - o E 3
- N ] ~ 35 E
s 12 0 ERE I d =
£ f « Data 2015 15 % « Data2016 E
w o 10p — Total Fit ERT = — Total Fit =
sk --- Signal = o --- Signal 3
AR R W Total Background ] 20 % . Total Background E
°F i E 15 =
4 i (pT(uf» =84CGeV 10E (pT(ui» =10.7 GeV E
2F l - 5 =
O:A I I S |\T~r'v--\ Lo o |_“ %oeed »- ; 0:~ [P I A .. 0-0-0-0-0-00-00-06 5
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Proper Decay Time Resolution in Real Data

Average proper decay
time distribution
driven by:

* Tracking performance
(with or without IBL)

 Trigger muon p;
thresholds — average
B.,-meson momentum

e e
8 0.16- ATLAS Simulation E

—~ [ Preliminary —¥— Run18TeV
@ F A
s 0-14: —e— Run2 (IBL) 13 TeV ]
0.12F —=— HL-LHC (ITk inclined) 14 TeV 1
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I@ « 2tector & Trigger Upgrades - Phase 0

__
y & ‘ﬁ 1x10v [ - 3)x1034 5x10% * Long Shutdown (LS) 1 almost
& cm?s ¥ cm2s ¥ cmits over, LHC starts providing
2% /~3000fb-' physics data in Spring 2015
) ~300 b’ until 2035 . .
LS1 O Lls2 — | Ls3 - Additional Pixel Layer (IBL)
1314TeV_ 14 Tev R HL-LHC | and Be small radius beam pipe
2013 2014 2015 2016 2017 2018 :019 2020 2021 2022 2023 024 2025 B o Topological L1 trigger
Run 4
* Improved coverage of Muon
Phase 0 Phase 1 Phase 2 spectrometer (1.0 < n| < 1.3)
Detector Detector Detector .
upgrades upgrades  Diamond Beam Monitor,

consolidation of some parts of
the detector (cooling etc.)

. — 025
] N ° Sma” radlus (32_38 g : T 1 lllelAFliL/;SI [T T T[T rrrrrt ]
= d mm; current B-layer = | 1GeV BL CERN-LHCC-2010-013 )
= <] at 50.5 mm), small s o2f * ¢ ATLAS-TDR-19 _
2 N terial budget = - — -~ 5GeV ATLAS -
- material budge L 4 5GeVIBL ]
th (R Mp— 100 GeV ATLAS ]
* 4" pixel layer => C v 100GeVIBL o o]
more robust track [ IR

reconstruction, better o1
impact parameter

d, and z, resolution ~ fe ¢’
g * Better 6 and ¢ [T
: . resolution at low ]
Rotz Roty IR o oom 0 05 1

pr~ 1 GeV
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%)
~300 fb!
LS1 TO% 1 s2 — | LS3

13-14 TeV

~30 fbo’!

2013 2014 2015 2016 2017 2018 1019 2020 2021

Run 1

Phase 0 Phase 1 Phase 2
Detector Detector Detector
upgrades upgrade upgrades

Fast tracking trigger:

 HW based track finder in the Inner
Detector silicon layers at “offline
precision”

* Provides tracks already before the L2
trigger (first SW based trigger layer)

* Two-step processing: hit pattern
matching & subsequent linear fitting in
FPGAs

29.11.2016

« atector & Trigger Upgrades -

5x1Q:°“" ¢ , .
2g1 when going above LHC nominal

E

3000 fb-!

Phase 1

Goal: no loss of performance

luminosity

until 2035

e New small muon wheel

HL-LHC

Run 4

* New fast-tracking (FTK) at
trigger level 1.5. Gradually
implemented already during
Run 2

» Higher granularity and precision
L1 trigger for calorimeter

 TDAQ improved performance
New Small Wheel

Select tracks pointing to
the IP matching the big

o
Big Wheel EM

1
wheels
|
El

New Small Wheel I]
N
~
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.
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-
.
=
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-
.
-
-
-
-
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~300 b’

LS1 TO% 1 s2 — | LS3

13-14 TeV 14 TeV

~30 fbo’!

Run 1

Phase 0 Phase 1
Detector Detector
upgrades upgrades

Phase 2
Detector
upgrade

Q)%

@)
AT 4 34 . 34 )
v & B v EEER ey
O cm-s cm-s

2013 2014 2015 2016 2017 2018 1019 2020 2021 2022 2023 024 2025 &

5x10¥ °
cm’?s™
~3000 fb! °
until 2035
HL-LHC
[ ]
[ ]
[ ]

« atector & Trigger Upgrades - Phase 2

Goal: maintain/improve
performance despite high lumi.

Completely new Si based
tracking (ITK)

New trigger system — possibly
will include HW-based L1 track
trigger

Full granularity calorimetry
information

Upgrade part of the muon
systems, fast trigger

Phase 2 Inner Tracker: current ID will become inefficient due to radiation damage; too high
occupancy in TRT; high granularity (~4x better) required to cope with high pileup (~up to 200)
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ATLAS Today Tracker in HL-LHC
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