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« Search for new particles indirectly, through their contributions in decays of
known particles

= w, X
,U+ b < ——— - < p+
tcuAd I yv BS — U
B~ S—s—Serraps—w—j
-

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model
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« Search for new particles indirectly, through their contributions in decays of
known particles

,U+ E < i < p+
tcuAd I yv BS — U
4 S—> = W

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model:

* Proceed via loops, no tree diagrams
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N New Physics Searches in B-Physics

« Search for new particles indirectly, through their contributions in decays of
known particles

P wt, X
,U+ b < ——— - < p+
tcuAd I yv BS — U
B~ S—s—Serraps—w—j
-

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model:

* Proceed via loops, no tree diagrams
* Presence of small CKM elements (|V| ~ 0.04, |V,4| ~ 0.01)
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@ New Physics Searches in B-Physics

« Search for new particles indirectly, through their contributions in decays of
known particles

a— W+, ){—’G
fJ+ b < —— - < p+
tlc.lu & .?' Y V BS — uu
buos——L - Ly
w-, %

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model:

* Proceed via loops, no tree diagrams
* Presence of small CKM elements (|V| ~ 0.04, |V,4| ~ 0.01)

* GIM suppression in loops with charm or down-type quarks: (m:2 — mg?) / M,®
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@ New Physics Searches in B-Physics

« Search for new particles indirectly, through their contributions in decays of
known particles

= wt, X
g B e =Bl o o
tlc.lu & .?' Y V BS — uu
poos——L -y
w-, X

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model:

* Proceed via loops, no tree diagrams
* Presence of small CKM elements (|V| ~ 0.04, |V,4| ~ 0.01)
* GIM suppression in loops with charm or down-type quarks: (m:2 — mg?) / M,®

« Helicity suppression in radiative or leptonic decays: helicity flip ~ m,¢ / My,
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@ New Physics Searches in B-Physics

« Search for new particles indirectly, through their contributions in decays of
known particles

= wt, X
g B e =Bl o o
tlc.lu & .?' Y V BS — uu
poos——L -y
w-, X

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model:

* Proceed via loops, no tree diagrams

* Presence of small CKM elements (|V| ~ 0.04, |V,4| ~ 0.01)

* GIM suppression in loops with charm or down-type quarks: (m:2 — mg?) / M,®
« Helicity suppression in radiative or leptonic decays: helicity flip ~ m,¢ / My,

- While New Physics can include tree diagrams, no GIM supression, no helicity
suppression, ...
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@ New Physics Searches in B-Physics

« Search for new particles indirectly, through their contributions in decays of
known particles

= wt, X
g B e =Bl o o
tlc.lu & .?' Y V BS — uu
poos——L -y
w-, X

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model:

- While New Physics can include tree diagrams, no GIM supression, no helicity
suppression, ...

« FCNC in leptonic rare decays (B — Il): BR measurement

« FCNC in semileptonic rare decays (B — K*Il): decay angles analysis

* FCNC in radiative decays (B — K*y): decay angles analysis

« FCNC in B-meson mixing (B, — B,): time-dependent decay angles analysis

09.04.2018 Vyijezdni seminat¥ UCJF / UNCE, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague



« Search for new particles indirectly, through their contributions in decays of
known particles

= w, X
,U+ b < ——— - < p+
tcuAd I yv BS — U
u_ S > — _"'C;_ g H_
-

- Can change known decays branching ratio or differential decay cross-section

- B-physics decays through flavour changing neutral currents (FCNC) especially sensitive
due to several suppression mechanisms in the Standard Model:

- While New Physics can include tree diagrams, no GIM supression, no helicity
suppression, ...

« FCNC in leptonic rare decays (B — Il): BR measurement

« FCNC in semileptonic rare decays (B — K*ll): decay angles analysis

« FCNC in B-meson mixing (B; — B.): time-dependent decay angles analysis
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N

@ Leptonic decays: B, — pu

* Very rare decay BR ~ 3x10~

* Simple signature: utu- from same displaced point,
but rare processes can create background: rare B-decays, mis-id hadrons
=> MVA analysis needed

» First observation in 2012 by LHCb

'<h - 7

o 14+ ]

; B LHCb 7

o 12H 1.0 fb '(7TeV) +1.1 fb '(8TeV) _

> [ BDT>0.7 .

< 10 -

Y B 7

\-/ [ —

~~ 8 | |

W A1 Phys. Rev. Lett. 110,

o n 021801 (2013)
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@ Leptonic decays: B, — pu

* Very rare decay BR ~ 3x10~

* Simple signature: utu- from same displaced point,
but rare processes can create background: rare B-decays, mis-id hadrons
=> MVA analysis needed

e Current status: compatible with Standard Model (SM) prediction

— — Phys. Rev. Lett. 118,

N

CE 35 ; Total 191801 (2017)

E 30 é LHCDb — = B! - utu” _:
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B — K*I'

- BR measurement oo [ [Balletal, hepphiooos23s]
* BRratioof B - K*%u'u /B - K*e'e" ! SUSY I (C,0, C,>0)
0.2 ____________--------;_:-?---"_'"—=';::;“\g
° . . . . // :
Analysis of angular distributions between g -enp—"

Arp
(=]

decay products as a function of the
di-lepton invariant mass

- 8 physics parameters
describing the 3D
distribution

SUSY L, 11 (C,>0) 1

o 2 4 :
5[GeV7]
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 Interference of mixing and direct decay => CP violation

Decay rate ~
y [ .

=<

i
mplitude with mixing

Ca| 2a L )

t,
Decay

gu ﬁht

R

/f<

Direct decay amplitude

B-Meson Mixing: in B, — J/y¢

/4
2 B, mixing: @6’\\

- Mass difference 77 </

Am =my—m Y, 7S

i ¥ - /<$>0, ~ N

* Mixing phase ¢, A Yy,
« Decay width difference 7

Al =T =T} e/

* Time evolution of decay angles very sensitive to New Physics,
described by 9 physics parameters:

Iy, Al decay with and
decay width difference

o, (= 2B,) CP violating phase
A% |A°  CP state amplitudes

9, 0, Strong phases

|Ag|?, 8 S-wave parameters

V.V,
Vi Vi (@) V.V, Bs
(0,0) (1,0

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

09.04.2018
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B-Physics at ATLAS

25m

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters
Pixel detector .

LAr electromagnetic calorimeters

--------

Toroid magnets

Muon chambers Solenoid magnet | Transifion radiatfion tracker

Semiconductor tracker
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B-Physics at ATLAS

« To fully exploit the large bb production x-section at LHC, need to be able to
collect low-p; (relatively) b-hadrons

25m
, :
: Tile calorimeters
LAr hadronic end-cap and
forward calorimeters
_____________ Pixel detector .
------ Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet | Transifion radiatfion tracker
Semiconductor tracker
09.04.2018 15
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B-Physics at ATLAS

« To fully exploit the large bb production x-section at LHC, need to be able to
collect low-p; (relatively) b-hadrons

- Challenge for reconstruction: focus on fully-reconstructable decays in the Inner Detector
(no neutrinos, gamma, ...)

25m ,
4 Tile calorimeters
LAr hadronic end-cap and
. forward calorimeters
_____________ IPixel defector | "\
------ Toroid magnets \ LAr electromagnetic calorimeters
Muon chambers Solenoid magnet |Tronsih'on radiation tracker |
| Semiconductor fracker |
09.04.2018 16
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B-Physics at ATLAS

« To fully exploit the large bb production x-section at LHC, need to be able to
collect low-p; (relatively) b-hadrons

- Challenge for reconstruction: focus on fully-reconstructable decays in the Inner Detector
(no neutrinos, gamma, ...)

— Challenge for trigger: only muons are clean enough at low-p;

25m ,
Tile calorimeters
' LAr hadronic end-cap and
forward calorimeters
_____________ Pixel detector \
------ Toroid magnets LAr electromagnetic calorimeters
Muon chambers Solenoid magnet || Transifion radiation tracker
Semiconductor tracker

09.04.2018 17
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K B-Physics Analysis Chain

\" on specrometsr [ « Cannot store all B-events, fast pre-selection based on simple
— — signatures of the studied decay channel
Rol\ / =4 Trigger
mnerDem\o\ / » Typical analysis chain (B° = Jhy(uu) K*(Kn) case):
V
Reconstructed Selection (cuts,
tracks, muons, vertexing MVA, BDT) to
jets etc. provided > aC?'eVIGS/B
Dy ATLAS 02 momentum ?g{i;ma
reconstruction PV2 from vertex
fitting

et | Detector efficiency
Results, = ™™ and acceptance 3
SYStematiC | bl corrections (MC
uncertainties, - and/or Data based)
Statistical analysis (fits etc.) oo
B-hadron Mass

18
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B-Physics at ATLAS

Yon based on simple

Search for p"u” at first level (HW)
then try to find K™ from B° too

Rol\ / Ro 'II'rigger

mneroemx / » Typical analysis chain (B° = Jhy(uu) K*(Kn) case):

V
Reconstructed Selection (cuts,
tracks, muons, vertexing MVA, BDT) to
jets etc. provided achieve
by ATLAS 0E peeheiie u optimal S/B
reconstruction PV/2 from vertex ratio

fitting

GATLAS

EXPERIMENT
http://atlas.ch

Invariant masses of track combinations
B-hadron decay vertex quality and position
Momentum, pointing to primary vertex, ...
B-hadron flavour identification

Isolation

o of
[ [

Ll
5500
B-hadron Mass

P T T T T T T T T T T Y S
5100 5200 5300 5400
Run: 205113
Event: 12611816
Date: 2012-06-18
Ti

e
me: 11:07:47 CEST

Statistical analysis (fits etc.)

09.04.2018
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I AN 7 ]
Rol\ / =4 Trigger
\ / 1
| ATLAS Internal
LY Vs =8TeV, 20.3 fb"
0 | e, fremnane, J
2 4
5200 mxim?(()MeV /cz) 5600
X100
3 - ATLAS . Data ’
= qo[ fs=8TeV, 143 1" — Total Fit —
= - ---Sggnal . .
= - — B> Jy K .
s gL A= Jy p K ;
= C ]
L - |
67 |
al _
2_— ‘\‘ —
T et N DU TR, L E P S U T
515 5.2 525 53 535 54 545 55 555 56 5.65
mJ/y KK) [GeV]
09.04.2018
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B-Physics at ATLAS

Yn based on simple
Search for p"u” at first level (HW)

then try to find K™ from B° too

Selection (cuts,
MVA, BDT) to
achieve
optimal S/B
ratio

%2 momentum
PV2 from vertex
fitting

1= 1 I ‘

Invariant masses of track combinations
B-hadron decay vertex quality and position
Momentum, pointing to primary vertex, ...
B-hadron flavour identification

Isolation

=

T T I
5400

PN T T T T T T Y T TR I
5100 5200 5300 5500

tatistical analysis (fits etc.)

B-hadron Mass
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B-Physics Analysis Chain

: KIIC simulation determines detector sculpting of
- angular distributions:
Rol\ / =d Trigger

L L B B L B B B
)
Inner Detectol

v e
Reconstructed

tracks, muons, verf

jets etc. provided
by ATLAS
reconstruction

—
[N

=
o)

Probability Density

2 ¢
& (*2)
\\‘Illllllll\\‘\\\‘lllll

ATLAS
Simulation Internal

»
g
g
+
*
. o
of
o
Pus®

\|\|\I|\|‘||\|\|\||\|‘|\||\|\||\|‘|
09" 08 -06-04-02 0 02 04 06 08
cos 8,

—_

% 2000FT T
EIBOU ATLAS

andidates

. Detector efficiency * 4(5) dimensional unbinned
Results,  « ™7 e and acceptance maximum likelihood fit
systematic | Huksmtrieniipt - N .
u%certainties s corrections (MC L= Tl anpij(mKﬂﬂp, cos g, cos Oy, ¢; p, 0)

Events / 0.04 ps

P T T T T T T T T T T T [ T T ) [
5100 5200 5300 5400 5500

e and/or Data based) { Ak

Statistical analysis (fits etc.)

B-hadron Mass

21
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@ B — K*uu Analysis

« Decay described in helicity basis amplitudes, measuring coefficients before the terms

sin® Ok cos 201

1 d‘r 3(1 — Fr) 1 - Fr
= sin’ 9K+FLcos O +
dI'/dg? d cos 8;.d cos Ogdpdg? 327r

-Fr cos> Or cos20r + S3 sin’ O sin’ 01 cos2¢
+S54 sin 20k sin 267 cos ¢ + S5 sin 20k sin 6 cos ¢

m(u il )]
+S6 sin® Ok cos Oy, + §7sin 20k sin Ay sin ¢
0y BY \@h +Sg sin 20k sin 20y, sin ¢ + So sin® Ok sin® O, sin 2¢
\ “\\ \
\ T

. S have large hadronic uncertainties from form-factors p, = 23
— cancel at leading order under transformations 1 -Fp
2 Agp
« F.(g),S(¢),P(g®) measurement in bins of ¢ Py = 372 F
(low statistics => rough binning) So
Py = -
* No K/r identification at ATLAS 1-Fp
=> can’t determine B/B flavour in some cases P’ _ Sj=4,5,7.8
=> MC: in ~10% events wrong flavour i=4,5.6,8 JEL(1 - Fp)

=> dilution in S5, S8, S6 and S9
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22



Folding

* Not enough statistics for full 3D angular fit — fold distributions,
but lost sensitivity to S, and S, (and thus also Az = %4 S))

— 4 _
¢ — ¢ for ¢ < 0 dFld 77 dd r o = o [3(1 4FL) sin® 9K+FLCOS 6’K+l 2 sin29K00s26?g
F S S P,' ¢_)7(—¢ fore >E /dq? d cos 0¢d cos Ogdpdqg Vg
L> 93> 94 4 L 2 -Fr, cos’ O cos20; + S3 sin’ Ok sin’ O cos 2¢
T
BL -7 QL fOf QL > 2 +84 sin 20k sin 26, cos4
cos @ €[0,1],cos 0k € [-1,1] and ¢ € [0, 7]
1 a‘r 3(1-Fp) -FL .
Fr S. S< P ¢ — _¢ for ¢ <0 dT'/dq? d cos O¢d cos O dpdg? - 87r[ 4 sin® O + Fr.cos” Ok + sin” O cos 26
L, 93> 95 HL — T — QL for QL > % —Fy cos? Ok cos 20, + S5 sin? Ok sin® 6, cos 2¢
cosfy, € [0,1],cos O € [-1,1] and ¢ € [0, 7] +55 sin 20 Singt’coml
T
p—o>m—¢ for ¢ > 3 1 d*r 3(1 - Fp) 1-F
, AT/ 4 d cos Brd cos Ox ddde’ = 87r 2 sin? Ok + Fr, cos? Ok + sin“ Ok cos 26,
Fr, 83,58, Pg:y¢p > -n—¢ forgp<-%5
f - —Fy, cos’ O cos20p + 53 sin’ Ok sin’ O¢ cos 2¢
0, > nm—0; forO; > 5
2 +S7 8in 20k sin 8, sin ¢]
cos@p € [0,1],cos 0k € [-1,1] and ¢ € [-7/2, /2]
T
¢_)ﬂ_¢ f0r¢> 2 1 a‘r 3(1 - Fp) 1-Fp
_ - in’ 6 20
Fr S. S P: . ¢ — — T — ¢ for ¢ < —5 dT'/dg? d cos 6,d cos O dpdg? 871[ 4 sin” O + F. cos” O + SH UK €08 <Be
L> 93, 08, 8 ° QL — T — QL fOI' QL > % —FLcos29Kc0s295+S3 sinZQKsin295c0s2¢
QK — T — QK fOI' QL > % +Sg sin 260k sin 26, sinqb]

cos @, € [0,1],cos 0k € [-1,1] and ¢ € [-7/2, 7 /2]
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Results

* Results ~compatible with Standard Model predictions and compatible with other
experiments

« Largest deviation of 2.7 sigma in P,;” w.r.t DHWM model, follow LHCb observation

ATLAS-CONF-2017-023 JHEP 02 (2016) 104
-0 L N | I L T T ! r r 1 r ] =
0 2-ATLAS s=8TeV,203fb" 1 I E
~ Preliminar -o- ATLAS - - .
1.5~ g —s LHCb I LHCb ]
- o CRrwpsvit | IF SM from DHMV —
1 theory DHMV + i
I theory JC N - -
0.5 l ‘ l - 0 te -
0~ e f —— —= ——
0.5 | [ Hint of New Physics ? ]
C 1 -2 [ (or underestimated theory uncertainty) —
-1~ _ - §
- A T R T i T TR T T N SN T T SHN S S SN SR S ' -
0 2 4~_ 6 __~8 10 0 5 10 15
q? [GeV?] g% [GeV*/ ¢4
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B, — J/wo Analysis

e Signal time-angul -
ar PDF: =
eonvonved with detector resolution) iaPDFzI I;OI’ B, and B,(alternative * signs): PDF(B,), PDF(B,)
B Tagged .~ Probi®, 1ag)"PDF(B,) + (1-Prob(, tag)PDF(B)
atdQ ;O (g Or, v, ér) gged fit:  Prob(B,-tag) = 0.5 s
=1
Symmetries: _\#5 ATen 0101} = {7 = ¢ ~AT, 7 = 6., 27— i)
{qu?Ars:(sJ_;(s ﬁdg} _)._H—_AF
PRNGIOIN) | s =101,=0). —0s} (untagged fit only)
s &) (g
8E +1 L] 51 40(0)1 | (1 + cos ¢s) _F(L)t—F(l—COS¢s)e—F§f)tj:Ze—Fstsin(A t) si - (2T’¢T,¢T)
+1 2 | 114,(0)]2 _® . mst) sin ¢ 2cos” (1 — sin® 07 cos? ¢ )
CP -1 212l (1 +cosgs)e™ u t+(1_COS¢S)€_F§{)ti2€_rstsin(A i 5 T
3 %|AJ_(O)‘2 (1 —Cos¢ )e_PS)t n (1+ L), ) mg )Sln(bs s ’(,DT(I —Sin2 QT Sin2 ¢T)
s C —tH —I'st o3 .
41 5[ Ao(0)[A4)(0)] cos 0s9,)e” G2 sn(Amt)sing, | | sin vrsin” oy
Inter- (1+COS B (s) LSiDQ@/}TsinQQ )
ds)e Lt 4+ (1 - —r T . V2 T sin2¢7
ference | 5 | |4;(0)[|AL(0)|[}(e """ W() C(ZS¢S)56 $&2e7 sin(Am,t)sin g,
H COS — 1
terms L2 in(5, — By oon{hrnt) . coFs — ) cond 2 sinor
o | A Ot Doty e e
L s 1 .
—Tst (e —= sin 2 sin 26
7 %‘AS(O)‘Q {(1 oS O5) —F:(E()Bt_yz(fméé COS(Am(Sf) —.C089 1 cos ¢ sin(Amt) )] v o 20 cos o
- s)€ v + cos s ) e Tt 9e~Tat i :
s 8 | 14Ol A4)(O)[3(e """ — =T ) sin(3) — bs) i qch e aAming| |3 (1 s o coror)
-wave o Tet (eos(Sr — § PR L\/Gsin ooy sin® O sin 2
terms 9 %‘AS(O)HAL( )\Sln(éi(is((Sslj) s) cos(Amt) — sin(d) — ds) cos @, sin(Amyt))] 3 T sin” O sin 2¢7
1 .
(1= cosgu) e t"’(1‘|‘COS¢S)6_F§)t1F2e—Fstsin(Amt L | YOS
10 | |A0(0)]|As(0)|[4 (e s — &7 sin b sin ¢ Dsing,
s 4 .
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| r%;?

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

 Three taggers: muon, electron, b-tagged jet

B. Flavour Tagging

—

« 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

Z|O 03— 17— 71— T T ]
Sls | ATLAS .
—IZ 005 '5=8TeV, 195" Combined muons B
S Data +
0.2 B* ~
E oB E
0.15[- =
0.1 -
0050 T T e T e ]
S SRS £ T
C1 = | N TR [

S 05 0 0.5 1
'Qu

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

09.04.2018

ZN tracks (p1:) K
Q i qi - \PTi
H ZN tracks( )¢
i PTi

% 100 t T AleAlsl T T T I T T T T j
= 90;_ Is=8TeV, 19.5 b _;
N E =
o 80F E
o E ]
- 70 =
X = -
g 60E -
T BOETT N’ =
S 5_ _________________ =
ég 405 Data =
30 — Fit E

20 f_ ------- Combinatorial background _f

E I B - J/y X background 3

10 E_ — — B* - J/y © * background _E
O‘A_L__J_J_A__J__L__A_l_a-qg_.—-_lsn__a_u_.l__l._l__a_g__l_'t
5.0 5.1 5.2 53 5.4 55 5.6
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 Full Run-1 dataset

Results

Consistency with Standard Model prediction

Runl combined

Par Value Stat | Syst
: ¢ [rad] —0.090 | 0.078 | 0.041
v AL [ps™!] 0.085 | 0.011 | 0.007 .
ST psTI [ 70.675 [ 0.003 [ 0.003 T

[A)(0)? 0.227 | 0.004 | 0.006

| Ao (0) |2 0.522 | 0.003 | 0.007

| Ag|? 0.072 | 0.007 | 0.018

61 [rad] 415 | 0.32 | 0.16

5” [rad] 3.15 0.10 0.05

6, —0g [rad] | —0.08 | 0.03 | 0.01
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B T | T T T
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Experimental precision vs. theory precision in ¢, ~ 50x, vs. SM ¢, value ~ 2.4x
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5 —\s e
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Results

 Full Run-1 dataset

» (Consistency with Standard Model prediction

« Experimental precision vs. theory precision in ¢, ~ 17x, vs. SM ¢, value ~ 0.84x

T
2 014 posfo ! [
z 68% CL contours
0.12 (Alog £ =1.15)
CMS 19.7 fb !
0.10

Combined CDF 9.6 fb !

O

ATLAS 19.2 fb !

LHCb 3 fb!

0.06

04 02 00 02 '0.'_4'
¢ [rad]
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Measurements in Run-2 and Beyond

C/ Y

LHC / HL-LHC Plan Luminosity
LHC

. LHC ‘

Run 1 | \ Run 2 | | Run 3
LS1 EYETS 14 TeV 14 TeV
13-14 TeV - energy
I lidati Enimct o . .
7Tey 8TeV “Button collimators m':fy:rpl::?r?tr: © eryolimit HL-LHC installation J'Q'J.'ﬁ';f'iﬂ
— ] R2E project Civil Eng. P1-P5 regions Iminosity

2017 2018 2021 2022 2024 2025

radiation
damage

2 x nominal luminosity

experiment nominal luminasity |y | experimentupgrade | |————— 1 experiment upgrade

;{j”‘. 1al beam pipes /- phase 1 phase 2
minosity ] —
integrated
luminosity

_—

* 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 R — i
) g === Ne, £ 1400C-ATLAS Simulation Preliminary -
« ods New Small Wheel Big Wheel EM T o= E
o Select tracks pointing to - ;o .
m the IP matching the big ~ ——1 1000 I
Iwheels | 800 / = {
El 600;—-; {
New Small Wheel /x r / ]
l ID ~AD //V 1 n=30 1
200 : -
......... ’4 ":7- : T]=4.0 ]
end-cap f‘ 0% 500 1000 1500 2000 2500 3000 3500
- N, ool P e z [mm]
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LHC / HL-LHC Plan

LHC

Run 1

LS1

Run 2

EYETS
13-14 TeV -
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8 TeV button collimators
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25% experiment
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|
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2019 2020

experiment upgrade
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regions

2022
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2 x nominal luminosity

—

High

Luminosity

LHC

HL-LHC installation

2024 2025

experiment upgrade
phase 2

energy

integrated
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» Completely new Si based
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= 5 Preliminary —s— HL-LHC ITk Inclined Layout A o L Preliminary —»— Runi8TeV .
% O_ ID/ITk tracks *_ \61014:_ —o— Run2 (IBL) 13 TeV _: g LrrT T T T
8 | o - r HL-LHC (ITk inclined) 14 TeV E 1400-ATLAS Simulation Preliminary —
E o # 0.12[7 . e © ITk Inclined .
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C - PR . . 1 1000———*’ -
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& ;
N Conclusions

* Experimental reach in B-decays exciting

- Very rare decays becoming observable
- Enough statistics for angular analyses of rare decays
- Experimental errors getting closer to theory uncertainties

 ATLAS prospecits: increase statistics in Run-2 and beyond and:
- Benefit from better decay time (= Run-2) and mass (at HL-LHC) resolution

- Better triggers to cope with high instantaneous luminosity (topology at L1, fast track
triggers, partial event building, ...)

- Fit & Systematics improvement: modeling and fitting small components, finer binning, ...
- Possibly analyze other decay channels to cross-check observed tensions:

JHEP 02 (2016) 104 JHEP 09 (2015) 179 arXiv:1705.05802
Angular analysis of Differential decay rate Relative production of
B° — K*up B, — oup B® — K*up/ B® — K*ee
L e} 2:_ """""""""""" E :? g_ """"""" Lﬁéb = 1 E E
E LHCb ] % - et = 1.0 E_ Y." e Ny _:
1+ SM from DHMYV ] % ; =paa 3  08F 1 ]
0:*—+ ] :; g_ + é 0.6 % + ® LIC! t
C — 1 3 4F _*_: Lich
LB —+ — 1 3 3E 5 04r Y CDHMV
- 1 éi E_ 'i 0.2 i o oS -
af = % 3 | | 1 I Lich M Féav'ml:
T T T——] — 10 15 _ S
g% [GeV?%/c4] ¢* [GeV?/c] ¢* [GeV?/cY]
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Events / 40 MeV
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Leptonic decays: B, — pr

Total

- LHCb — =B 5ty
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"
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5400 5600 5800
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Phys. Rev. Lett. 118,

191801 (2017)

Events /( 0.04 GeV)

My [MeV/c?]
:l ! ! L DL ! ! ! L ! L T ! T ! :
18 ATLAS —4— 2011-2.012 data _:
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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

02.06.2017 ATLAS CZ+SK Workshop, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague




» Triggering n| < 2.4 ATLAS B-physics programme: precision measurements (rare decays, b-
hadron decay properties, CPV), HF production (b-hadrons, quarkonia,
associated quarkonia production) and spectroscopy (new states&decays)
* Mostly in exclusive decays with single/di-/multi-muon final states,
which allows to trigger low-p; objects

* 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)

02.06.2017 ATLAS CZ+SK Workshop, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague



Motivation for B°—K*u'u- Analysis

* In Standard Model do not occur at tree level,
but only via Feynman diagrams with loops => small branching ratio (BR)

d > d d . d
0 — _ 7 *0 . .
B o 7t w " o m K**  New particles in the
7 5 loops can significantly
change the decay
7, Z° - i
’ H properties
ut

« B - K*u'u: BR ~ 10°, New Physics can significantly change the differential decay rate

RSN RAEABIAR REAAE LB = ln F — T T T [ T T T T [ T T T T [ T T 1 2

o0.a |- [Balletal., hep-ph/0003238] o 2+ JHEP 02 (2016) 104 7]

[ ] . LHCb -

susv_ n(c,z-oc.,zmT__ S i SM from DHMV

" : _

a el ~ SUSY 11(C,<0, G,>0) | ‘79& Of*—+ ]

e i

N \ : )

L N, =\ o .

-0.2 | -1 '

- _ F Hint of New Physics ? :

-0.4 R 2_ (or underlestimated tlheory uncelrtainty) E
) ; ; ; ; 0 5 10 15

SiGeV7] q* [GeV?/c']
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@ Decay Angles Description

« Decay described in helicity basis amplitudes, measuring coefficients before the terms

sin® Ok cos 201

1 d‘r 3(1 — Fr) 1 - Fr
= sin’ 9K+FLcos O +
dI'/dg? d cos 8;.d cos Ogdpdg? 327r

-Fr cos> Or cos20r + S3 sin’ O sin’ 01 cos2¢
+S54 sin 20k sin 267 cos ¢ + S5 sin 20k sin 6 cos ¢

m(u il )]
+S6 sin® Ok cos Oy, + §7sin 20k sin Ay sin ¢
0y BY \@h +Sg sin 20k sin 20y, sin ¢ + So sin® Ok sin® O, sin 2¢
\ “\\ \
\ T

: . 28
« S, have large hadronic uncertainties from form-factors P = 7 _;
— cancel at leading order under transformations 5 A L
Pz _ = FB
31-Fp,
S
py; = -2
1 -Fp
e F.(¢%),S(q4?>),P(q?) measurement in bins of ¢? pr _ Sj=4,5,7,8

(low statistics => rough binning) i=4,5,6,8 V(1= Fp)
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Folding

* Not enough statistics for full 3D angular fit — fold distributions,
but lost sensitivity to S, and S, (and thus also Az = %4 S))

— 4 _
¢ — ¢ for ¢ <0 1 ~ d'T S = 3 -F) sin® Ok + Fy cos’ 6?K+l 2 sin” O cos 26,
Fr Sa S P, ) ¢ - ¢ f()r 9, > n dTl'/dq? d cos 0¢d cos Ogdpdqg 871 4
L> 93, 24, 4 L 2 -Fr, cos’ O cos20; + S3 sin’ Ok sin’ O cos 2¢
T
QL - QL fOf QL > 2 +84 sin 20k sin 26, cos4
cos @ €[0,1],cos 0k € [-1,1] and ¢ € [0, 7]
1 a‘r 3(1-Fp) -FL . 5
— = 2
F S S )2 ¢ — ¢ fOI' ¢ < 0 dT'/dq? d cos O¢d cos O dpdg? 87r[ 4 sin* i + Fi. cos” O + sin” O cos 20¢
L, 93> 95 HL — T — QL for QL > % —Fy cos? Ok cos 20, + S5 sin? Ok sin® 6, cos 2¢
cosfy, € [0,1],cos O € [-1,1] and ¢ € [0, 7] +55 sin 20 Singt’coml
T
p—o>m—¢ for ¢ > 3 1 d*r 3(1 - Fp) 1-F
; AT/ 4 d cos Brd cos Ox ddde’ = 87r 2 sin? Ok + Fr, cos? Ok + sin“ Ok cos 26,
Fr,8,8,Pc: V¢ > —-1—¢ f0r¢<—§
f - —Fy, cos’ O cos20p + 53 sin’ Ok sin’ O¢ cos 2¢
0, > nm—0; forO; > 5
2 +S7 8in 20k sin 8, sin ¢]
cosfp € [0,1],cos 0k € [-1,1] and ¢ € [-7/2,7/2]
T
¢_)ﬂ_¢ f0r¢> 2 1 a‘r 3(1 - Fp) 1-Fp
— — 02
Fr Se S P: ¢ — — T — ¢ for ¢ < —5 dT'/dg? d cos Opd cos Oxdpdg? 871[ 4 sin” O + F. cos” O + sin” Ok cos 20¢
A
L> 93, I8, 8 QL — T — QL fOI' QL > % —FLcos29Kc0s295+S3 sin201< sin295c0s2¢
QK — T — QK f()r QL > % +Sg sin 260k sin 26, sinqb]

cos @, € [0,1],cos 0k € [-1,1] and ¢ € [-7/2, 7 /2]
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ATLAS Analysis

ATLAS Online Luminosity \s=8TeV
[ LHC Delivered
[ | ATLAS Recorded

Total Delivered: 23.3 o'
Total Recorded: 21.7 fb'

|
« Data sample: Full 2012 data: 20.3 fb' @ 8 TeV o ok
« Limited range to 0.04 GeV? < ¢> = [m(uu)]* < 6 GeV? ‘é 25
N
_ 3 20b
- Avoid complications from cc-resonances 3
& 15—
- Most demanding after the LHCb measurement... E
- Excluded ¢ —»utu region [0.98, 1.1] GeV? = 5—
0:
" 27/03
S.:’ 0.2 %\:}@
< sk Nucl, Phys. B649 g
.| (2003),168-188

01/06 07/08 12/10 18/12
Day in 2012

€20-£102-ANOO-SY'1LV

* Trigger: combination of 19 single/di/tri-muon triggers

Events / 40 MeV

- But dominated by di-muon trigger requesting
* Praw > 4(6) GeV at L1

* and with B°-»K*(Krn)uuw reco. at HLT
* Analysis teams: QMUL, Prague CU, JINR Dubna, Innsbruck 43

02.06.2017
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B EF_mui18_tight_mu8_EFFS
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I EF_mu36_tight

[ Other triggers used

------ All events

ATLAS Internal
s =8 TeV, 20.3 fb™
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* Reconstruction of the decay B°—»K*(Kr)u'uw~ using Inner Detector tracks

« Cut-based optimization on 7 TeV data & MC:

02.06.2017

Requesting all four tracks originate in same vertex

Using tracks parameters at the vertex

Tracks |n| < 2.5
pr(n) > 3.5 GeV
pr(m,K) > 0.5 GeV
pr(K*) > 3 GeV
846 MeV < m(K*) < 946 MeV (B-W width(I') of K* = 50 MeV)
5150 MeV < m(Knuu) < 5700 MeV

B-hadron lifetime significance t/c, > 12.75

PV2 from vertex
fitting

B-momentum pointing angle from B-vertex to PV: cos(0) > 0.999
Secondary 4-track vertex fit quality y?/NDF < 2
Radiative tail cut: |(m(B)-mppg(B)) — (M(up)-mepg(J/w)| < 130 MeV

Resolution of multiple candidates in an event — next slide

ATLAS CZ+SK Workshop, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague



@ B°—K*u*u- Candidates Selection: Ambiguities

* 15% of events have more than single B°-K*(Kn)utu~ candidates

* 4% out of the 15% corresponds to B-mesons reconstructed from different tracks

- Select candidate with better 4-tracks vertex quality

«  96% out of the 15% corresponds to B° and BO reconstructed from the same 4 tracks

02.06.2017

No K/r identification at ATLAS => both K and K mass hypo on the two hadronic tracks
pass the selection criteria

Select candidate with best K* mass significance: |m(K*)-mppg(K*)| / 6k

Statistically tends to provide right answer (checked at MC),
but mis-tagging (wrong identification of B® or B°) leads to dilution of S, S; and S

« Dilution factor D = (1 — © — ®)
« ®~®~ 11% from signal MC
 Parameters above corrected after fit

ATLAS CZ+SK Workshop, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague



Background Studies

 Number of potentially significant backgrounds of similar topology studied:

bg— > uuX (Pythia)
bb- > puX (EviGen) The only backgrounds with non-negligible contributions:

bb— > uuX (Pythia: AA)

— ' Peaking g’ range
bb—> ppX (Pythia: AB) background [0.04,0.98] [1.10,2.00] [2.00,3.00] [3.00,4.00] [4.00,5.00] [5.00,6.00]
bb— > puX (Pythia: BA) BT S Kt 0.17 0.12 0.03 0.25 0.12 0.22
bb— > uuX (Pythia: BB) B* - K*utu 0.89 0.81 1.00 1.30 1.50 1.90
cc—> uuX BY - ¢ty 0.40 0.19 0.22 0.23 0.25 0.28
Bs — J/y¢ Ap — A(1520) pt p- 1.83 1.88 0.61 0.66 0.09 0.08
Ap — Ny ATLAS Ap — pK~ - 0.99 0.87 0.46 0.48 0.10 0.11
Ap — Ny Internal Total 4.8 3.87 232 2.92 2.06 2.59
By — J YK

0 . C .

fz :Kfféfgs Two unexpected structures seen in the decay angles distributions
Ay — Au(2S) after unblinding
B - J/YyK™ (Pythi : -
Bt %H ((Pyythif)) « Atcos(8,) ~ 1.0: source identified as B+ - Kup, mup
B~ — J /YK~ (Pythi . . .
B* — K/iuu ((E\}:t(;:r)l)  Atcos(6,) ~ 0.7: source identified as B — DX decays, left B-mass side

Bs — ¢uu (EvtGen)

B, — K™ uu (EviGen:PHSP)
B, — K*uu (EviGen:SM)
B, — K*uu (EvtGen:SM)
By — J /YK (EvtGen)

B, — ¥(2S)K™ (EvtGen)
B* — K™y (EvtGen)

6000

ATLAS
Internal

mp, [MeV]

5000

4000

3000

B* — K7~ uu (EvtGen; S-wave) 2000
Bs —» J/yK*

Z%;—%»¢I(* 1000
Ap = Aup

o I—O.SI I I—O.GI I I—0.4I I I—0.2I = 0 = I0.2I I ‘0.4| ‘ IO.G‘ I ‘0.8‘ = 1

cos6

EN

Ap — Kppup (non-resonant)
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Fit

« Extended unbinned maximum likelinood fit of B-mass and helicity angles

_N h
e Z =~ 7
L = 7 | | anij(mKﬂﬂM’ COS QKa COS QLs ¢;p= Q)
o=l J

« Sequential: my,,, pre-fit first, angular fit follows with fixed P(m,,,) parameters

« P(my,,) gaussian;

Mg, and resolution (scale factor) extracted

from control channel B?—K*(Km)J/y(uu-)

* Angular acceptance functions (polynomials)

extracted from flat-angles signal MC and
factorized:

P;j = e(cos 0k )e(cos b1,)e(p)g(cos Ok, cos O, ¢)

« Background my,,, exponential

« Background angles 2™ order polynomial

> T T " [—e— Data > ! ' l " |—e— Data
=40000~ A7 AS Preliminary —— Total Fit Model = ATLAS Preliminary —— Total Fit Model
< | Vs=8Tev,203 10" -\ | oAl i S 30001 Vs= 8 TeV, 20.3 o' p, \ |77 Signal
— AR W R ombinatoric — SN e Combinatoric
2 | S A= JIYA 2 - Ay JIW(2S)A
§3°000 | | SN JIyK* § R\ | N JIy(2S)K*
LY [ B, — JIyK* 3\ | oo By — JIY(2S)K*
w : = % 2000/ X V(2S)
20000
1000~ -
10000
o — e S 0 e . BT s T T o
5000 5200 5400 5600 5000 5200 5400 5600
My, [MeV] My (MEV]
z z F
'E 3 i B
& 05f 8 L ]
- 2 o8- .
2 04p ] L ]
< r < L J7 ET TR PRI ]
& o3f o 06 - -, 7
02F s o4 5
E ATLAS ] oo ATLAS “ ]
0.1 Simulation Preliminary i 02— Simulation Preliminary =
) P P AU AU BN SO RN R B o= TS
-1 08 06 04 02 0 02 04 06 08 1 -1 -08 06 04 02 0 02 04 06 08 1
Cos0y cos6,

« Peaking backgrounds (B*, B, Ay) not included in default fit, but treated as systematics
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@ Fit Result Example

|

q° [GeVZ] Nsignal Mbackground g’ 30 | ATL‘AS \/§= 8 TeV, 2|o.3 " |

[004, 20] 128 :I: 22 122 :I: 22 g Preliminary

[2.0, 4.0] 106 = 23 113 + 23 % 20

[4.0, 6.0] 114 + 24 204 £+ 26 .

[0.04, 4.0] 236 £+ 31 233 £+ 32

[1.1, 6.0] 275+ 35 363 £ 36 10

[0.04, 6.0] 342 4+ 39 445 + 40 g

0 | \ ...... H + L
5200 5400 5600
2 GeV2<g’=[m@un))P <4 GeV? My [MeV]

% I ATLAS 1s=8TeV,20.3 fb'jﬁ ; ATLAS Vs=8TeV,203f0" 1 S ATLAS (s=8TeV,20.3f0" |
2 Preliminary 2 Preliminary 3 Preliminary
S S 20+ - £
o 20 + i S

il H | ‘_

10

Poo
.

.~ .

.
.....
.....
.~ i

........................
-----------------------------

0 -;-......'.:::-.-.-.-. -.i ...... % + | ; | l + | l
=1 -0.5 0 0.5 1 0 1 2 3
cos 6, 0
« Low statistics — large stat. uncertainties, but fit feasibility validated with toy-MC
« Extracted S, parameters — transformed to P, parameters (including correlations)
« Left sideband cut out to avoid contributions from partially reconstructed B-decays
02.06.2017 12
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% Systematic Uncertainties

* Overall systematics typically at around 2 of the statistical uncertainties

« Largest systematics from background (mis)understanding

Source Fr $3 S4 Ss \Yi Sg

Combinatoric Kr (fake K*) background | 0.03 0.03 0.05 0.03 0.06 0.13
D and B* veto 0.11 0.04 0.05 0.03 001 0.05
Background p.d.f. shape 0.04 0.04 003 002 0.03 0.01
Acceptance function 0.0 0.01 007 001 0.0 0.01
Partially reconstructed decay background | 0.03 0.05 0.02 0.06 0.05 0.05
Alignment and B field calibration 0.02 0.04 005 003 0.04 0.03
Fit bias 0.01 0.01 0.02 0.02 001 0.04
Data/MC differences for pr 0.02 0.02 001 001 0.0 0.01
S-wave 0.01 0.01 0.01 0.01 001 0.02
Nuisance parameters 0.0 0.01 001 001 0.0 001
Ay, B* and B, background 0.01 0.01 0.01 001 001 0.01
Misreconstructed signal 0.0 0.01 001 001 0.01 0.01
Dilution - - 001 001 - -

02.06.2017
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* |cos(6y)| < 0.9

 veto B*/D hypothesis

* expo. / 3" oder poly.

» factorization, signal MC test

* left B-sideband variation

* track p; smearing

* toy-MC pulls

« data/MC B-p; weights

* BoKnup, 5% fed to toy-MC
 control sample fit uncertainties
* toy-MC with peak. backgrounds
- B fit with B acceptance

 MC stat., ® vs.
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Fit Results - ATLAS vs. Theory

* Results ~compatible with Standard Model predictions

« Largest deviation of 2.5(2.7) sigma in P,’(Py’) w.r.t DHWM model, follow LHCb observation
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Fit Results - ATLAS vs. Experiments

* Results ~compatible with Standard Model predictions and compatible with other experiments

« Largest deviation of 2.5(2.7) sigma in P,’(Py’) w.r.t DHWM model, follow LHCb observation
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'@ Conclusion + Run-2 And Beyond Prospects

2012 ATLAS data analysis of B°-»K*u*u™ gives results compatible with SM and other
experiment measurements

* Increase statistics in Run-2 and beyond and:

ATLAS-CONF-2017-023

Benefit from better decay time (= Run-2) and mass (at HL-LHC) resolution

Use topological L1-trigger (= Run-2) to cope with high instantaneous luminosity,
possibly rely on future trigger features (FTK, track triggers, partial event building, ...)

Fit & Systematics improvement: S-wave fit, mistagged B%B? in fit, full g2 spectrum,
peaking backgrounds, CP-sensitive parametrization, ...

Possibly analyze other decay channels to cross-check observed tensions:

JHEP 02 (2016) 104
Angular analysis of

JHEP 09 (2015) 179
Differential decay rate

arXiv:1705.05802
Relative production of

B° —» K*up B, — ouu B° —» K*uu / B® - K*ee
h‘ v - T T T T T T T T T T - T T T T { 9 :_ T T T T T T T _: [T T rrrrrrrrrrrr | L L AL L B
— -4 « 3 LHCb 3 = [
2: LHCb E; SE et E d? 1()?”ij_;; ........................................... P ]
- ] 7E red. 3 .
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Data Samples

Full 2012 (8 TeV) dataset of 20.3 fb'" using GRL.:
data12_8TeV.periodAllYear DetStatus-v61-pro14-02_DQDefects-00-01-00_PHYS_ StandardGRL_All_Good.xml

* Events from “Muon” and “B-Physics” streams

- B-Physics stream allowed more bandwidth for B-physics events, but with delayed processing
(reconstruction)

« 79 selected eventsperfbin ¢?<6 GeV? and 4.90 GeV < m(Knuu) < 5.70 GeV

17 signal events pdf fbin  ¢2<6 GeV? and 5.15 GeV < m(Knuu) < 5.70 GeV
Period | Streams  Li,/fb~! Yield Yield/ fb!
A Muon 0.794 13390 16864
B Muon + B 5.095 88335 17338
C Muon + B 1.406 28550 20306
D Muon + B 3.288 67671 20581
ATLAS E Muon + B 2.526 51251 20289
Internal G Muon + B 1.275 26009 20399
H Muon + B 1.445 29411 20354
I Muon + B 1.016 20822 20494
J Muon + B 2.596 53378 20562
L Muon + B 0.840 17460 20786
All Muon + B 20.281 396277 19539
g> < 6 | Muon + B 20.281 1603 79

02.06.2017 ATLAS CZ+SK Workshop, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague
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Triggers

 Combination (OR) of triggers requiring >1, >2 or >3 muons
overall triggering (mind the overlaps) 21.1% 88.8% 4.5%  of the selected events

* Luminosity/prescale weights applied on MC to match data

« Main trigger: di-muon at L1, searching for the full B K*(Kr)u'u~ decay at HLT

> 250 T T e
2 = EF DmatT Bmamu 5 LoStarB ] Iteration Trigger chain # events selected # events left
o B3 EF_mu4T_j65_a4tchad_xe60_tclcw_loose 7
S @ EF_muis8_tight mus_EFFS 7 Total 1603
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(0] _
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Backgrounds After Unblinding

« Two unexpected structures seen in the decay angles distributions after unblinding

- At cos(6) ~ 1.0: most probable source identified as B* —» Kuu, Tuu

- Atcos(6,) ~0.7: most probable source identified as B — DX decays, left B-mass side

- +
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Tabulated Results

q2 [Gev2] Nsignal Nbackground

[0.04, 2.0] 128 4 22 122 4+ 22

[2.0, 4.0] 106 £+ 23 113 £+ 23

[4.0, 6.0] 114 4+ 24 204 + 26

[0.04, 4.0] 236 4+ 31 233 + 32

[1.1, 6.0] 275 4+ 35 363 + 36

[0.04, 6.0] 342 + 39 445 + 40
q* [GeV?] F, S S, Ss S7 Ss
[0.04,2.0] | 0.44£0.08 £0.07 —0.02£0.09+£0.02 019+025+0.10 0.33£0.13£0.06 —0.094£0.10%£0.02 —0.11=+0.19 £ 0.07
[2.0, 4.0] 0.64+0.114+£0.05 —-0.15+£0.10£0.07 —-0474+0.194£0.10 —-0.164+0.154+0.05 0.154+£0.14 £0.09 0.41 £0.16 £0.15
[4.0,6.0] | 0424+0.13+£0.12  0.00£0.12+0.07  040+£0.214+0.09  0.13+0.184+0.07  0.03+0.13+0.07 —0.09 & 0.16 + 0.04
[0.04, 4.0] 0.524£0.074+£0.06 —-0.05£0.064+=0.04 —-0.1940.1640.09 0.16 = 0.10 & 0.04 0.01 & 0.08 & 0.05 0.154+£0.134+£0.10
[1.1,6.0] | 0.564+0.07+0.06 —0.04+0.07+0.03  0.03+0.14+0.07  0.00£0.104£0.03  0.02+0.08+0.06  0.09 & 0.11 & 0.08
[0.04, 6.0] 0.50+0.06+0.04 —0.04=40.06 &= 0.03 0.034+0.13 £+ 0.07 0.14 = 0.09 £+ 0.03 0.02 £ 0.07 £ 0.05 0.05 +0.10 &£ 0.07
q° [GeV?] P Pl P} P} P}
[0.04,2.0] | —0.06 +0.30 £0.10 0.394+0.51 +£0.25 0.67+0.26+0.16 —-0.184+=0.21 +£0.04 —-0.22+0.38+0.14
2.0, 4.0] —0.78+ 0514042 —-0.964+0.39+0.26 —-0.334+0.31+0.13 0.31 =0.28 £0.19 0.84 +0.32 +0.31
[4.0,6.0] 0.00 +=0.47 4+ 0.26 0.81 +0.42 £+ 0.24 0.26 =0.35 +0.17 0.06 =0.27 +£0.13 —-0.19+0.33 £+ 0.07
[0.04,4.0] | —0.224+0.26£0.16 —0.38+0.31 £0.22 0.324+0.21 £0.10 0.01 =0.17 £ 0.10 0.30 =0.26 +0.19
[1.1,6.0] —0.17+0.31 +0.14 0.07+0.28 £ 0.18 0.01 =0.21 +=0.07 0.03+0.17+£0.11 0.18 +=0.22 4+ 0.16
[0.04,6.0] | —0.15+£0.23 +£0.10 0.07+0.26 £+ 0.18 0.27+0.19 £+ 0.07 0.03+0.15+0.10 0.11+0.214+0.14
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Table 5: Correlation matrix for the P\”) parameters obtained for g* € [0.04, 2.0].

P’ Parameter Correlations

P, P, P. P, P
P | 100 0.04 031 062 039
P, 100 057 -0.08 0.09
P! 100 0.10 0.30
P! .00 0.59
P; 1.00

ATLAS
Internal

PP, P P P
Py [ 100 -0.12 -024 005 00!
P, 100 062 008 -0.11
P! 100 -0.22 -0.30
P! 100 0.63
P, 1.00

Table 7: Correlation matrix for the P') parameters obtained for ¢* € [2.0,4.0].

Table 9: Correlation matrix for the P") parameters obtained for g € [4.0,6.0]. Table 11: Correlation matrix for the P\’ parameters obtained for ¢* € [0.04,4.0].

Table 13: Correlation matrix for the P") parameters obtained for g> € [1.1,6.0].

02.06.2017

P, P, P, P, P
P, [100 0.1 023 041 0.14
P, .00 050 0.06 0.02
P, .00 031 0.29
P, .00 0.61
P, 1.00

p, P, P, P, P
P, [ 1.00 023 007 008 —0.07
P 1.00 0.61 0.15 0.08
P! 1.00 031 027
P 100 0.67
P; 1.00

PP, P. P, P
Py | 1.00 -0.07 0.00 021 0.10
P; 1.00 078 008  0.02
P! 1.00 003 -0.03
P, 1.00  0.60
P; 1.00

P._ P, P, P P
P, [ 100 —0.02 -0.13 0.7 0.02
P 100 0.67 0.00 0.04
P! 100 -0.05 0.07
P! .00 0.63
P; 1.00

ATLAS CZ+SK Workshop, Pavel Reznidek, pavel.reznicek@cern.ch, Charles University, Prague

Table 15: Correlation matrix for the P'”) parameters obtained for ¢ € [0.04, 6.0].
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Table 4: Correlation matrix for the F;, and S parameters obtained for ¢> € [0.04, 2.0].

Table 8: Correlation matrix for the Fy and § parameters obtained for ¢* € [4.0,6.0].

Table 12: Correlation matrix for the F; and S parameters obtained for ¢* € [1.1, 6.0].

02.06.2017

S; Parameter Correlations

Fr S S: S5 S; Sy
Fr | 1.00 0.11 —-0.13 003 0.16 0.4
Ss .00 031 028 073 045
Sy 100 058 0.19 0.22
Ss 1.00 0.14 0.28
S5 .00 0.59
Sg 1.00

Fr S3 Sq Ss S7 Sg
Fr | 1.00 033 -0.18 0.04 0.22 0.28
S5 1.00 0.15 023 0.60 0.05
Sa 1.00 0.52 0.03 0.01
Ss 1.00 0.28 0.27
S7 1.00 0.60
Sg 1.00

Fr 53 Sy Ss S7 Sg
Fr | 1.00 0.05 000 0.07 0.18 -0.03
53 [.00 041 046 0.32 -0.01
S4 1.00 0.60 0.09 0.03
Ss 1.00 0.17 0.24
S7 1.00 0.67
Sg 1.00
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ATLAS
Internal

Fr S3 Sa Ss S7 Sy
Fr | 1.00 0.27 035 -0.04 -0.15 -0.37
S3 1.00 -0.08 -0.44 -0.09 -0.20
Sq 1.00 060 -0.02 -0.12
Ss 1.00 -0.11 -0.20
N 1.00 0.63
Sg 1.00

F.. S S S5 Sg
Fr | .00 008 005 001 0.8 0.14
S3 100 -0.04 003 029 -0.16
S, 1.00 079 0.08  0.03
S .00 0.03 -0.02
S 1.00  0.60
Ss 1.00

Fy, S3 Sq Ss S7 Ss
Fr | 1.00 0.03 0.01 -0.10 0.13 0.06
S3 .00 -0.02 -0.09 0.32 -0.01
Y 1.00 0.68 0.00 0.04
Ss 1.00 -0.05 0.03
S7 1.00 0.65
Sy 1.00

Table 6: Correlation matrix for the F7 and § parameters obtained for ¢* € [2.0,4.0].

Table 10: Correlation matrix for the F; and § parameters obtained for ¢> € [0.04, 4.0].

Table 14: Correlation matrix for the F; and S parameters obtained for > € [0.04, 6.0].
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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 R o ]
Iwheels | 800 // = {
500 e -
New Small Wheel Elj /x r 7/ 7
| :_d LT A
............. ,//x 20051_" 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—
— ATLAS Simulation .
L Preliminary — % Runi 8 TeV ]
- —e— Run2 (IBL) 13 TeV B
- —=— HL-LHC (ITk inclined) 14 TeV -
- 4 _
— Decay time resolution —
5 v changes with p; N
e v (resp. trigger thresholds)
m ® Yy N
:_ .’ ® . Ty Vv, _:
o . e, . W : TY Yy vy, -
C ", _— ® o0 0, 00 o
- "EEEE g L aEoa
L 11 I 1111 | 1111 | 1 111 | 1111 | L 111 | 1111 | 1111 | 111 I—
10 20 30 40 50 60 70 80 90 100

02.06.2017

p.(B) [GeV]

§ Detector Performance in Run-2 and Beyond

250

III|IIITIIIIIIITIIIIlIIIITIIIITIIIITIINIIITIIII
~ ATLAS Simulation —e— Run-2Layout
e Preliminary —s— HL-LHC ITk Inclined Layout
- ID/ITk tracks

- e

200

Gmass(B) [Mev]
r*']+l 1 *‘I | 1 1
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P3'| AN NSRS
o

150+ . By — ww

100

50 -
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IIII|III||||II
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.
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n(B)
"I__| 0_18_ L | L I T 11T I T T 171 I T T 1T L T 11 T T 17T | LI ]
é - ATLAS Simulation ]
= 0161 pretiminary —*— Runi 8 Tev E
B: 0.14- —e— Run2 (IBL) 13 TeV 7
C —=— HL-LHC (ITk inclined) 14 TeV ]
0.12 —
0'1E_v vyyVyYYYVYYVYY Vvy + i i _E
- Decay timeresolution -
0.081- stable with pile-up
O.OE;E_. 0 000000 ¢ o0 ¢ _E
0.04:_ g"SEEEEEEEEEEESN _:
0.02 | | | | | | | | E
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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)

29.11.2016

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

z

d*T

Measurement:

10

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

—1 f

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




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

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

— — 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
29.11.2016
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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

29.11.2016
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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
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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
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¢_[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
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B T ‘ T T T | T T T ‘ T T T ‘ T | T |
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L Ve _ 7Ta\y 401 e 95% C.L.
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Illllllll|IJI‘IJ\|\I\\J\I\IJI‘\
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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
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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
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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]
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| 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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ATLAS -0.08  0.03 (stat.)+ 0.01 (syst.)
=
CMS 0.37 £ % (stat.) + 0.18 (syst.)
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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 ]
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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:
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- Foo 156 % o
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2F T 7 - - E: i ]
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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
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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
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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_'_‘ _\|“|"||““'\""[""\""_
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= [is=7Teviaon! koL S5 [s=8Tev,143fp" RO T T arias esoL ] S [ oreorranedio=0 oL
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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™
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« Comparison of the proper decay time resolution distributions in
Run-1 and Run-2 data:
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Proper Decay Time Resolution in Real Data

Average proper decay
time distribution
driven by:

* Tracking performance
(with or without IBL)
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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.)
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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
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« 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
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Run 1

Phase 0 Phase 1
Detector Detector
upgrades upgrades

Phase 2
Detector
upgrade
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« 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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