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PHYSICS MOTIVATION
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PHYSICS MOTIVATION
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PHYSICS MOTIVATION

(s CPV in interference between mixing and decay: -

Js)
ﬂect dech
: * 0
: higher order NP could be = B Jep
dominant . I s .
“tree“contribution penguin comparable to w anod fecsy
contributions penguins... O M Es —dp

¢s ¢M - 2¢D

28, + AGFTE 4 6P, - (et

* ¢ determination via global fit to experimental results ignores contributions
from penguin diagrams:

P3N 1 e = 25, = —0.036510:0015

S P

[CKMFitter]

\_
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PHYSICS MOTIVATION

-

+ Toward a precise measurement of ¢;:

State of the art
at FPCP 2014

LHCb 1.0fb™"' + CDF 9.6fb '+ D@ 8fb™' + ATLAS 4.9fb™

‘_||_| 0-25 -_I, 1 1 1 1 I | IEAL] 1 1 I’ I\ 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 .I:
. - : DO HFAG B
B * Spring 2014 -

2 020F pre 2l
o - .' ) 68% CL contours 7
[~ C : (Alog L =1.15) 1
<] 015 \ . LHCb —
0.10 - ST :@Qombmed -

o CDF ‘sM . 7

0.05 : /ATLAS -

1 L v vy |-. ----- | A L |

15 10 -05 0.0 0.5 1.0 1.5

cS [rad|]

\_

¢s measurement is an excellent probe for the presence of NP...
..but it is now mandatory to constrain penguin contributions!
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MEASUREMENT INGREDIENTS

(4 Time-dependent CP asymmetry:

(B(t) > f) _

(Bo(t) = f) —
(B(t) = f) + (BL(t) — f)

Acp (t) =

» Mixing parameters:

Sy sin (Amt)

— Cr cos (Amt)

~ cosh (Art) + AArsinh (%

[New J.Phys. 15 (2013) 053021]

)

Am:mH—mL AF:FL—FH
» CP observables:
_28(Np) 1P _2R(Ny)
SRR TSRV 1+ |Af|2

?.‘_ e Tagged mixed
; . o Tagged unmixed
< 400 S\ 0N O —— Fit mixed
% | L1
= | 4 MRR Ay e Fit unmixed
=
= .
= 200
0

3

4

q A(BS(t) = f)

Simon Akar

A =1 =7l et decay time [ps]
=y A )
2|\ ¢ | sin(¢s) 2|\ ¢| cos(¢s)
Sy = — ,  Aar =
A TV AT P
\_ _/
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MEASUREMENT INGREDIENTS

(* Tagging, resolution and other nuisance effects:

Ameas(t) — AC’P(t) X Dres X Dtag am Adet/prod

» Decay time resolution:

2 2 7 /:Z}BS Same side

3 } K+ kaon tagger

Dres =5 2

» Tagging dilution: Same side
proton>
Dtag — (1 — ZCU) | Vertex charge tagger
™, | from inclusive vertexing

- Initial B flavor efficiency: €tago o
- Wrongtagrate: W TNl \ gapopnoztgegseige
- Effective reduction in statistical power: o boam | (1 )

Eoff = etag(l — 2w)2 ~ O(%) O'Stat(qbs) X \/GelffN

Opposite side

» Also need to account for detection/production asymmetries,
acceptance effects on time and angular variables, ...

\
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3 Measurement of ¢s:

B. - JWK'K™ g ™ Y
Bs — J/ynn

B; — D*sDs
Bs — J/WwK%

v

v

v
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The LHCb experiment
Detector overview

e Forward General-Purpose Detector at the LHC
e ~30 % of heavy quark production cross-section with just 4% of solid angle

e TWO-LEVEL TRIGGER:
— TRACKING SYSTEM

- LO hardware (12 — 1 MHz)
VERTEX DETECTOR momentum resolution - HLT software ( 1 — 0.005 MHz)
_ Aplp = 0.4% — 0.6% R :
reconstruct vertices e Very good £(u)
decay time resolution: 46 fs Good ¢(h)
IP reconstruction: 20 um
COLLISIONS ,.-L—- | <+
@ 40 MHZ 4T Htt
- ‘
~12 MHZz
VISIBLE .
INTERACTIONS 3 ' DIPOLE MAGNET
(2012) - 4 Tm
normal conducting
regular polarit
it S MUON SYSTEM
CALORIMETERS
RICH DETECTORS — energy measurement
K/r/p separation particle identification
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%Ié Measurement of ¢sin Bs — J/i K'K~ (3 fb™!)

[Phys. Rev. Lett. 114 041801 (2015)]

+ Analysis overview:
e Measures ¢, I's, AI's and ||

» Time-dependent tagged angular
analysis (using sWeights)
- 3 P-wave + 1 S-wave components

1s000f .
- ~95k signal LHCb

[ events
10000 |-

5000

Candidates / (2.5 MeV/c?)

/7
OL._J_._fI....\_LJ__L4

5300 5350 5400
m(J/y K*K) [MeV/c?]

2
IIII|

= ]

aslill

®

o

lI

|

- tagging power ~3.7%

Candidates / (1.0 MeV/c?)

» Fit simultaneously: 3 N
- 6 bins of mxx OF +,,: ﬂ“*uh## _
» Two fit models: S ]
- polarisation independent (baseline) 10 §++”+f*”| R
- polarisation dependent 990 1002 1014 1026 1038 _ 1050
(necessary, if CPV does not affect all m(K*K) [MeV/c’]

polarisation states equally)
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[Phys. Rev. Lett. 114 041801 (2015)]

% Measurement of ¢sin Bs — J/i K'K~ (3 fb™!)

4+ Results: (polarisation independent)

@ 10*
Parameter Value S
[y [ps™!]  0.6603 + 0.0027 =+ 0.0015 g Tl

-1 = Sl
AT, [ps~!]  0.0805 £ 0.0091 = 0.0032 5 Erotal PR
¢s [rad] —0.058 £ 0.049 =+ 0.006 [ CP-even S
-0 TS,
by 0.964 & 0.019 & 0.007 S-wave

5 — 10 I
Decay time [ps]

3500 C ) 3500 n w 3500 L LA B | T T LI T T L | T T L—

S i : < F .
S 3000 F & 3000E S 3000 LHCb -
P - e - % - n .
L 2500F S 2500 8 2500F =
-‘8 - S C .-g u ]
5 2000 F ~ 2000 F S 2000k .
5 : g : g : ~ ™~ -
O 1500 5 1500¢ O 1500 7 N3
- 2s - - .

1000 = 1000k 1000p~_ /,\;
500 F ' s00F S00E T Tmmmme T E

- [ O = I_ ......... T = == — _
0 0 ) 05 0 05 1
¢, [rad] cosf,

 World most precise single measurement
 Consistant with SM prediction
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Measurement of ¢sin Bs — J/y KK~ (4.9 fb)

[Phys. Rev. D. 90, 052007 (2014)]

Nep»r-=>»

e

+ Analysis overview:
* Performed on 2011 data

e Measures ¢, I'sand Al

» Time-dependent tagged angular
analysis (classic fit)

- including background contribution [ L SN e N
- S-wave compatible with 0 e s
- tagging power ~1.5% N
- |4] fixed to unity 80141 ot constnedio> 0 Cemol ]
[2;‘00-12:‘ ATI\.:-S7 TeV ‘& Standard Mode -
4+ Results: 0.1 Jra-som’ e
@, = VT2 == (120 (REat: ) == V.05 (Fyst. | Tad 0.081 _
AT, = 0.053 + 0.021 (stat.) £ 0.010 (syst.) ps ™ 0.065 _, :
'y = 0.677 + 0.007 (stat.) £ 0.004 (syst.) ps~" 0.04- q
(@ : - 2 o.ozf— _
 Consistant with SM & world average : !
[ETENETE BTET AT SN BV 9 SV e o N B S ST AT AT A
* Expect an update with 2012 data soon... %5 405 0 05 1 15
8 y, ¢:""° [rad]
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http://arxiv.org/abs/1407.1796

‘> Measurement of ¢sin Bs — J/ Y KK~ (20 fb- 1)

[CMS-PAS-BPH-13-012]

7

+ Analysis overview:
* Performed on 2012 data

e Measures ¢ and AT

» Time-dependent tagged angular
analysis (classic fit)
- including background contribution
- S-wave compatible with 0
- tagging power ~1.0%

- |A| fixed to unity (let free for syst.) 3 0-185— ‘gili:’v“i'i;';‘;?” o §§2 éE

. . [ 0.16;— <l> Standard Model
+ Preliminary results: “ ot
0.12F
¢s = —0.03+0.11 (stat.) = 0.03 (syst.) rad, oib-
ATs = 0.096+0.014 (stat.) + 0.007 (syst.) ps 008/
0.06 [
0.04:—
( e Consistant with SM & world average ) 0.02f-

0
-05 -04 -03-02-01 0 0.1 02 03 04 05

¢_[rad]
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% Measurement of ¢sin Bs — J/y w'nr (3 b1)

[Phys. Lett. B 736 (2014) 186]

+ Analysis overview:
e Measures ¢, and |/

» Time-dependent flavor-tagged
amplitude analysis

~27k signal events

classic fit (signal + background)

study nw invariant-mass up to
mﬂmj ~2.3 GeV
tagging power ~3.9%

amplitude fit performed only
on events within = 20 MeV
from the Bs mass peak

includes 5 resonant + 1 non-
resonant amplitudes

& &2 & 2
S 8 8 8

Bs signal

Combinations/ (5 MeV)
-
=

D W
=
S

Combinatorial

=
S

o

5500

‘540()-
m(J/yn') [MeV]

.

Simon Akar
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http://arxiv.org/abs/1405.4140

i

Measurement of ¢sin Bs — J/i w'nr (3 b))

[Phys. Lett. B 736 (2014) 186]

+ Results: : E
¢s = 0.070 £ 0.068 £ 0.008 rad
Al =0.89 + 0.05 + 0.01 é :
S E
os = 0.075 £0.067 £0.008 rad T T T
for A fixed to one (no direct CPV) R
E TS
|
E s00F = S
) S E
L e
Wl Y 5 N r‘(;
) 0 2 i
X
 World second most precise single measurement
e Consistant with SM prediction & world average
Simon Akar FPCP 2015, Mixing-induced CP violation in Bs decays 19


http://arxiv.org/abs/1405.4140

[Phys. Rev. Lett. 113 (2014) 211801]

%Ié Measurement of ¢sin B; — D*sD~s (3 fb!)

+ Analysis overview:

& 800F T T T

S - - --- B,— D} D,
e Measures ¢, and |/ ; : t“)Cb Fo bk ]
600 (a o e
» Time-dependent flavor-tagged S [~3350 signal o
analysis (classic fit) £ ol events WA -
S " Combinatorial -
- purely CP-even mode 3 200 ]

(no angular fit needed)

- Ds reconstructed as KKr, Kt or it
- Using B° = D-D*s as control channel
- tagging power ~5.3%

§. LHCb

+ Results: 3
¢s = 0.02 £ 0.17 (stat) & 0.02 (syst) rad 2 H :
+0.18 ~ i I

IA| = 0.91 T51= (stat) &= 0.02 (syst) LN ;
S N

( e Consistant with SM & world average ) 5 Decay time [ps]
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Measurement of TDCP asymmetries

% in Bs — J/i K% (3 fb!)

Article submitted to JHEP [arXiv:1503.07055]

+ Analysis overview: -
. o Y " b
* First time-dependent CPV measurements > Long K¢
in this channel =
* Flavor-tagged time-dependent analysis: E #
» simultaneous fit to a mixed sample of - HRE it i
many Bg and few Bs events (100/1) SO "}H}Mﬂﬂ'!!}g'
» use of multivariate selection trained & ol e
on B4 proxy sk .
. . . 5200 5300 5400 55020
» split sample in two categories: Mg (MeV/e?)
- Downstream Ks (no velo hits) B e
- Long Ks (velo hits — better resolution) = UE ‘A Downstream K? -
» tagging power: S 10 3
- Bs~3.8% / Ba~2.6% 2wk Y\ AR,
» also fits for sin2p (as cross-check) 210k combi, i
- see previous talk BN
Yield Long K Downstream K? a 0 M
B®— Jh K? 27801 +£168 51351 + 231 ] — e
BY— Jh K? 307 £ 20 601 + 30 m,,, o MeVic?)
Combinatorial background 658 + 37 2852+ 74
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Measurement of TDCP asymmetries

ch
%_g in Bs — J/i K0 (3 fb- 1)
Article submitted to JHEP [arXiv:1503.07055]
§ 103 Downstream Kg
+ Preliminary results: <
s 107
Aar (By— JKJ) = 049 + ggf (stat) £0.06 (syst) =
Cuair (BO— JRKD) = —0.28 +0.41 (stat) £ 0.08 (syst) & | O ™.
Suix (BY = JAKQ) = —0.08 £040 (stat) £ 0.08 (syst) g "™ :
=
Recent prediction: [arXiv:1412.6834] N
_5E
Aar (By— JWKY) = 0.957 & 0.061
Cair (BY— JWK?) = 0.003 +0.021 z
Smix (B°— JAWK?) = 0.29 £0.20 -
E 102;
4 ) 2 =
Successful proof of concept N
waiting for more statistics S
Can be used to estimate the i
penguin effects in sin2f as well ~ ol
as in ¢s sk - :
\ / i ° t (psl)5 )
Simon Akar FPCP 2015, Mixing-induced CP violation in Bs decays 22
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OUTLINE

[ EE—— SR = T o4 7 r ' 7
DA e 8 s‘.i*t.
Directd o . .
irec ek 1 Physics motivation :
AT ar

)

ol
B, fcp '
\ B

e 2 Measurement ingredients
Mixing and decay

SN e a
e oha SE S R o
[ ]
R, AT
" ."y". Y _"&_J' l\:.a‘
ALY / s | o e o

v
'
%

A
&

4 Constraining penguins in ¢;s:
» Ba — Jiymtn (6
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% Measurement of in Bq — J/y mw'7 (3 b))

[Phys. Lett. B742 (2015) 38] Limits on penguin effects in ¢s 7

a

+ Analysis overview:
e Measures 2" and acp

LHCb
o — LA $
o Bs signal
e Similar to Bs = J/y wtn~ ]

» Time-dependent flavor-tagged

angular analysis (classic fit)
- ~ 18k signal events

4+ Results:

\ Combinatorial

m(J/yr'n) [MeV]

28 (BY — J/1p®) = (41.7 & 9.6(stat) 28 (syst))° : _EE:. E
acp(BY — J/p®) = —(32 & 28(stat) T (syst)) x 1073 2 1000F v St =
= e (1 (——— f,(500) .
Used in penguin contribution estimation (next slide) E: S0 E —Lf;ili” E
2 600F — p(1450) &
= — p(1700) ]
S = —0.6670 i (stat) 000 syst) fawp J
S 200 AT N AN
Cpp0 = —0.063 £ 0.056(stat) o 011 (syst) © T e ..

" m(r) [GeV]

( Most precise CP asymmetry measurement in this mode ]
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% Measurement of in Bq — J/y mw'7 (3 b))

Limits on penguin effects in ¢

n

+ Limits on penguin effects:

~ i0 i . 10 ,—17y .
A(BY — J/yp°) :A[l—ae “e ’V] M| = 1 —ae .96 . Qep = 1 —[As]
_ L 1 — aeifely 1+ [Af]
A(Bg — J/po) = A’ [1 —ed'e’ e”} ] 10 —in
oot - — ae'e
e=22/(1—\2) = 0.0534 A28 = (267 —28) = —arg ( 1 — 000 piv )

()\ffe%” =1+ 6()‘lf =1 it —iA28
Aps = —arg (()\/fezify A 6()\/f — 1)e2 A = [Arle

* Assuming perfect SU(3) flavor symmetry: o =d' 0 =10’

A28 = (287/vr _ 9gJ/WKS 04—
g ( b g ) 035 — 95% C.L. LHCb =
= (—0.9 £ 9.7(stat) T2 5 (syst))° 03[ e 68% C.L. =
0.25F :
A¢S - —EAQﬁ = 0.2:
By, € [=1L105°, 1.15%] &t 95% CLIL, o
0.05F
First experimental constraint on 0
penguin contribution on ¢s
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IN SUMMARY

-

+ Toward a precise measurement of ¢;:

State of the art

at FPCP 2014
LHCb 1.0fb™ + CDF 9.6fb "'+ D@ 8fb™ + ATLAS 49fb™"
r 0-25 __I, 1 1 1 1 I I' 1 1 1 I’ 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 .I:
. - DD, HFAG I
L . Spring 2014 -
2 020 ——1
" N .' ) 68% CL contours -
— - : (Alog L =1.15) 7
<] 0.15 ' + LHCDb i
0.10 - N :@Combmed -
[ : CDF ",SM/ P _:
0.05 - ' ATLAS -
(1, | | | | I 4 ||
-15 -1.0 -0.5 0.0 0.5 1.0 1.5
$¢% [rad]
\_ y,
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IN SUMMARY

é : State of the art
* °
Toward a precise measurement of ¢s: 2t EPCP 2015
LHCb 1.0fb™ + CDF 9.6fb™'+ D@ 8fb™" + ATLAS 4.91fb™
‘_||_| 0.25 I.__l. 1 1 1 1 I ll 1 1 1 I'\I\I 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 i: 0.20_1 : : :
lCD N Il" DQ\‘\\ HFAG - DO 8 fb™ HFAG
A ooF “ 3
I ! \ 68% CL contours - 0.15} 589 CL cont
| :. . (AIO £: 115) - — o contours
z 0.15 ‘\ ! LHCb ° — 'm (Alog £ = 1.15)
N . ’ 2 010l CMS 20 fb™!
A ’ | QR 3 fo™
0.10 - O AT Combined — a P
C D T A\ AR ] <
- COF o : 7 0.05¢
0.05 'SM o —
N o /' ATLAS ] COF 9.6 0 ATLAS 4.9 o™
O:' e '—T:— ST 0'00_-1'5 40  -05 0.0 0.5 1.0 15
15 -10 =-05 00 05 10 15 | | ' | | 905 [rad
¢ccs [rad] 5% [rad]
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IN SUMMARY

State of the art

4 :
+ Toward a precise measurement of ¢;: a2t EPCP 2015

CCS Peng. NP o014 BT HFAG B
¢S — _253 +A¢Seng —|_5
= —0.015 £ 0.035 HFaG) (Mlog e~ 1.15).
= 0.10{ [ CDF 9.6 b
— ' ATLAS 4.9 fb™" |
—28, = —0.0365" 7 go15 [CKMFitter] <1 oo |

Ag,"® = 0.001 +0.010 0.06]
5 _?? ® S8 [rad
C D

e Entered era of precise CPV measurement in the Bs system

* First step in controlling penguin contributions

e Precision will further increase with LHC Runll & Upgrades
adding statistics and new measurements!

N J,
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SPARE SLIDES

* Mixing-induced CP violation in .
penguin dominated transitions: ¢:°°
» Bs — ¢p@p [Phys. Rev. D90, 052011 (2014)]

. CCS
* Complementary material on ¢8
measurements

» Bais) — T (KK ) [Phys. Lett. B 741 (2015) 1]

Analysis not presented here.
Making use of CKM angle y as input in the determination of -2

Simon Akar FPCP 2015, Mixing-induced CP violation in Bs decays 29
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Measurement of CP violationin Bs — ¢p¢ (3 fb))

[Phys. Rev. D90, 052011 (2014)]

+ Analysis overview:

°* ¢sin b — sSs transitions:
» Dominated by gluonic penguin loops
» Good sensitivity to NP
» SM prediction ¢s(b — sss)~0

* Time-dependent flavor-tagged
angular analysis (using sWeights):
» ~4000 signal events

LHCb
fs=8TeV
[Ldt=2m"

Candidates / (4.6 MeV/c?)
=

Pull

+ Results: ¢, = —0.17 £0.15 (stat) +0.03 (syst) rad,
Al = 1.04 £0.07 (stat) £0.03 (syst).
’-§350L o 'LHC'b E L d S3%0
& 300 < 300
< 250; S 2500
~ 20053 S 200
g 150? § 150
- _ P
: 0 2 0 2 0
® [rad]

\,
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Measurement of ¢

Motivations for the Upgrades

Ne»r-<>»

[CERN-LHCC-2012-007] LHCb Upgrade TDR

Statistical uncertainties

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb~')  uncertainty
B? mixing 28, (B2 = JfY ¢) 0.10 [7] 0.025 0.008 ~ 0.003
cés  2Bs (B = Jfb £o(980)) 0.17 [10] 0.045 0.014 ~ 0.01
Qbs Ay (BY) 6.4x10°3[15]  06x103 02x10-% 0.03x 1073
Gluonic 283" (B = ¢9) - 0.17 0.03 0.02
penguin | g5 285 (BY — K*°K*0) : 0.13 0.02 < 0.02
Cbs 23 (B° — 0K?2) 0.17 [17) 0.30 0.05 0.02
[ATL-PHYS-PUB-2013-010
2011 2012 2015-17 2019-21 | 2023-30+
Detector current | current IBL IBL ITK
Average interactions per BX <u> 6-12 21 60 60 200
Luminosity, fb ™ 49 20 100 250 3000
Di-pu trigger pt thresholds, GeV 4 - 4(6) 4-6 6-6 11-11 | 11-11 11-11
Signal events per fb~" 4 400 4320 3 280 460 460 330
Signal events 22000 | 86400 | 327900 | 45500 | 114000 | 810000
Total events in analysis 130 000 | 550000 | 1874000 | 284 000 | 758 000 | 6 461 000
MC o(¢;) (stat.), rad 0.25 0.12 0.054 0.10 0.064 0.022

( * Will be on the verge of reaching theoretical uncertainties! J
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Measurement of ¢psin Bs — J/Y K"K~

[Phys. Rev. Lett. 114 041801 (2015)]

Yy
10
d*T'(t)
dm2. ..d 0.d 0,d = ZNkhk(t)fk(oKaol)¢)’
mi g d cos Oxd cos 0;do —
3 Al't . AI't .
hi(t) = —e T < aj cosh —— + by, sinh —— + ¢, cos(Amt) + dj, sin(Amt)
4 2 2
w
Sk N ag by Ck dy
x5t | Ao 1+ xl?) —|Ao| cos(en) (1= 1%l®) |Ao| sin(oy)
355 (1 —cisf) |4, 31+ 0 2) —|A) | cos(e) 2= | Ay sin(gy)
153 (1—s2sf) | |ALP 1+ AP IAL|cos(6.) 12 -ALP) —|AL|sin(g_)
é[sin(é,—-&)—,\ A 5[]/\. sin(é, - &, -¢.) i[sin(é,—é)-&l/\ Ayl —f,[l/\, cos{d, =6, -9,)
sicstsac, A_A L ;
83!1(6_—'6 -Q.+Q )} +|A;]|&.ll(6|;—6-—‘0)] sin(&_—6| *é_"?O)} +[A]|ﬂ15(6|—(§_‘-0|)
3 [cu‘{&l = 8) + Ao -3 []f\ol cos(dy — &) — o) 3 [CO&(&J — &) — [ Aoy| -3 |1 Ao| sin(d — &) — éo)
V2skexsicies | |AoA| . g
C&i(&n—éu - Oy 4+ O )] "It\ [(Xh(6| —611—0 )] C(Xi(éu—tsI —Otl+é]1)] ‘.‘-l/\ ]Si!l(é -6\'1—0 )
-3 [sin(tso ~8.)-PoAsl | 3 [lm sin(o 8. —d0) | -1 lm(&o ~5.)+ DoA. ~3 | 1Xol cos(8y — 6. — o)
~V2sexsics, | | ApA_| ] " . L \
sin(dp—d6. —dp+¢.) +Alsin(d. - —9.) sin(dg—4_ —dp+¢.) + AL cos(d, —dy—9.)
Asf 31+ Asl?) As] cos{és) 101 - rsl?) —|s| sin(6s)
’ : [(.‘05(63 = 8)) = AsAy| 3 lI/\s cos(ds — &, - @s) 3 Icos(és = &)+ |AsAyl .f,[lf\s sin(ds — 8, - o3)
;%3’(3{(:{('4 AgA| .
°°5(65‘6l|—¢.€+°|)] = || cos(8) — bs — &) 005(65-51—05'*00] —ll\llsin(éu-drs-o‘)l
-1 [35..(6_,- —6)+srl| | -} [:As sin(6s —8. —¢s) | -} [sin(és —6)-sAl -3 [— |As| cos{ds — 8. — ¢s)
~Zsxmas, | |AsA_| :
sin(ds -6, —os+ 0, )J —|A,|sin(é, —ds—0_) sin(ds — 8. — os + o_)] +|A_|cos(6, -85 — ¢, )J
i [GJS(65 - &) = |AsAol #[lt\sl cos(ds — & —~ &5) i [006(55 - &) + |AsAol i [lt\s] sin(ds — & — 9s)
"’{‘,‘-'st |AsAq|
cos(ds — &g — ¢s + Oo)] —|Ao| cos(dy — b5 — 00)1 cos(ds — &y — 65 + Ou)] —|Ao| sin(dy — ds — m)}
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% Measurement of ¢sin Bs — J/v KK~ (3 fb™!)

[Phys. Rev. Lett. 114 041801 (2015)]

4+ Results: (polarisation independent)
Parameter Value
[, [ps™!]  0.6603 £ 0.0027 £ 0.0015 2 10t -
AT, [ps~1]  0.0805 =+ 0.0091 + 0.0032 S . ]
A |2 0.2504 + 0.0049 + 0.0036 P
| Ap|? 0.5241 # 0.0034 + 0.0067 310 E
Y “+U.1lU -+U.UD 9 3
()” [rad] 3.2 —0.17 —0.07 5 10 '§_Total PDF -
6, [rad] 3.08 T915 & 0.06 ° g;-e\ézn
-0
b5 [rad] —0.058 £ 0.049 + 0.006 Es-wave
By 0.964 + 0.019 &+ 0.007 10—
Amg [ps™l]  17.711 T9955 4 0.011
3500 ———r 5 Bp——T———————————3
; 3000 F E 3000;— LHCb —i ;
& 2500 = 2500W 8
i 20005 o - %
5 1500 F % s 7 O~__~-7 O~4d 8§
1000 F 'g 1000~ _ . /,—i
5005 o 500;— \\\_//’/ \\\__,// =
| i - P oo
cos O ?, [rad] )
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[Phys. Rev. Lett. 114 041801 (2015)]

Measurement of ¢sin Bs — J/ip K*K~ (3 fb!)

+ Systematics: (polarisation independent)

Source | Al |AL|? |Ao|2 0 1 Os Al Am
[ps~!]  [ps™’] rad] [rad] [rad] [ps™*]
Total stat. uncertainty 0.0027 0.0091 0.0049 0.0034 919 *0I% 0.049 0.019 FPP8
Mass factorisation 0.0007 0.0031 0.0064 0.05 0.05 0.002 0.001 0.004
Signal weights (stat.) 0.0001 0.0001 - 0.0001 - '
b-hadron background 0.0001 0.0004 0.0004 0.0002 0.02 0.02 0.002 0.003 0.001
B feed-down 0.0005 ‘ - ‘
Angular resolution bias 0.0006 0.0001 992  0.01 - -
Ang. efficiency (reweighting)  0.0001 0.0011 0.0020 0.01 0.001 0.005 0.002
Ang. efficiency (stat.) 0.0001 0.0002 0.0011 0.0004 0.02 0.01 0.004 0.002 0.001
Decay-time resolution ' 0.01 0.002 0.001 0.005
Trigger efficiency (stat.) 0.0011 0.0009 ‘ = ‘
Track reconstruction (simul.)  0.0007 0.0029 0.0005 0.0006 *005 0.002 0.001 0.001 0.006
Track reconstruction (stat.) 0.0005 0.0002 ' - - ' 0.001
Length and momentum scales  0.0002 - 0.005
S-P coupling factors - 0.01 0.01 0.001 0.002
Fit bias 0.0005 - 0.01 0.001
Quadratic sum of syst. 0.0015 0.0032 0.0036 0.0067 *905 0.06 0.006 0.007 0.011
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[Phys. Rev. Lett. 114 041801 (2015)]

% Measurement of ¢sin Bs — J/i K'K~ (3 fb™!)

4+ Results: (polarisation dependent)

Parameter Value ~ -
O] 1.012+0.058 £0.013 5 " LHCh
Al/A0] 1.02 £0.12 £0.05 = 10 E
AL /A0 097 £0.16 +£0.01 £ .| §
AS /9] 0.86 +0.12 +0.04 -?g
¢ [rad] —0.045 4 0.053 £0.007 § “F Total PDF
I — 0 [rad] —0.018 = 0.043 % 0.009 1Eg5;ggg
¢r — ¢° [rad] —0.014 £ 0.035 £0.006 L
¢S —¢° [rad]  0.015 4 0.061 = 0.021
S e ER I e ] &
% 25002 g 2500W g
T cos O ? ’ 2(ph [rad] )
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Measurement of ¢sin Bs — J/ip K*K~ (3 fb!)

[Phys. Rev. Lett. 114 041801 (2015)]

+ Systematics: (polarisation dependent)

Source O] /XL IXE/NO| IAS/XO] g0 s — ¢l o — ol ¢S — &Y
[rad] [rad] [rad] [rad]
Total stat. uncertainty 0.058 0.12 0.16 0.12 0.053  0.043 0.035 0.061
Mass factorisation 0.010 0.04 0.01 0.03 0.003 0.005 0.003 0.016
b-hadron background 0.002 0.01 - 0.01 0.003 0.001 0.001 0.009
Ang. efficiency (reweighting) ' 0.02 0.001 0.002 0.001 0.007
Ang. efficiency (stat.) 0.004  0.02 0.01 0.01 0.004  0.007 0.005 0.004
Decay-time resolution 0.006 0.01 - 0.01 0.003 0.002 0.001 0.002
S-P coupling factors ~ , , 0.006
Quadratic sum of syst. 0.013 0.05 0.01 0.04 0.007  0.009 0.006 0.021
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> Measurement of ¢sin B — J/yy K*K~ (3 fb!)

@

nepr-»

4+ Results:
@ ¢s = 0.12 £ 0.25 (stat.) £ 0.05 (syst.) rad

AT’y = 0.053 + 0.021 (stat.) £ 0.010 (syst.) ps
'y = 0.677 + 0.007 (stat.) & 0.004 (syst.) ps™
|A)(0)]> = 0.220 + 0.008 (stat.) £ 0.009 (syst.)
|Ag(0)]? = 0.529 £ 0.006 (stat.) & 0.012 (syst.)
d; = 3.89+0.47 (stat.) = 0.11 (syst.) rad

n>r-=>»

[Phys. Rev. D. 90, 052007 (2014)]

Parameter Fit result

Ap[? 0.511 %+ 0.006
1 B Ag|? 0.015+0.016
S A2 0.242 + 0.008
- 4 [rad] 3.48 +0.09
& bg, [rad] | 0.3440.24
& 6, [rad] 2.73 +0.36
5 cT [pm] 4473 +3.0
< AT [ps~1] | 0.096 £ 0.014
S ¢s [rad’ —0.03 £0.11
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ot o

" Measurement of ¢sin Bs — J/ip K*K~ (3 fb™)

ner-=>»

+ Systematics:
_ bs AT, r, A, (0)7  |Ac(0)]  |As(0))? 8. 8 8, —8s
< 2 [rad] ps™']  [ps™' [rad] [rad) [rad)
S L ID alignment <1072 <1073 <1073 <1073 <10~° - <1072 <1072 -
N g Trigger efficiency <107?* <107° 0.002 <107? <107° <107 <107 <107* <1072
D B" contribution 0.03 0.001 <107* <107*? 0.005 0.001 0.02 <107* <1072
o Tagging 0.03 <1073 <1073 <1073 <107® <1073 0.04 <1072 <1072
o Acceptance 0.02 0.004  0.002 0.002 0.004 - - <1072 -
) Models:
S Default fit <1072 0.003 <107* 0.001 0.001 0.006 0.07 0.01 0.01
A Signal mass <102  0.001 <10~3 <10~3 0.001 <10~3 0.03 0.04 0.01

: Background mass <10?  0.001 0.001 <1073 <107° 0.002 0.06 0.02 0.02
> Resolution 0.02 <10  0.001 0.001 <10~* 0.002 0.04 0.02 0.01
i Background time 0.01 0.001 <107* 0.001 <107* 0.002 0.01 0.02 0.02
;5 Background angles 0.02 0.008 0.002 0.008 0.009 0.027 0.06 0.07 0.03
£ Total 0.05 0.010 0.004 0.009 0.012 0.028 0.11 0.09 0.04

Source of uncertainty |Ag|* |Asl® |A,|* AT [ps™] 8 [rad] &5, [rad] &, [rad] ¢ [rad] cT [um]

_ Statistical uncertainty 0.0058 0.016 0.0077 0.0138 0.092 0.24 0.36 0.109 3.0
N CMS ; Angular efficiency 0.0060 0.008 0.0104 0.0021 0.674 0.14 0.66 0.016 0.8
= | 'A| as a free parameter 0.0001 0.005 0.0001 0.0003  0.002 0.01 0.03 0.015 -
Dl Model bias 0.0008 - - 0.0012 0.025 0.03 - 0.015 04
T Kaon p re-weighting 0.0094 0.020 0.0041 0.0015 0.085 0.11 0.02 0.014 1.1
% Proper decay length resolution 0.0009 - 0.0008 0.0021  0.004 - 0.02  0.006 29
b PDF modelling assumptions 0.0016 0.002 0.0021 0.0021 0.010 0.03 0.04 0.006 0.2
< Flavour tagging - - - - - - 0.02  0.005 -
Q- Background mistag modelling 0.0021 - 0.0013 0.0018  0.074 1.10 0.02  0.002 0.7
g Proper decay length efficiency  0.0015 - 0.0023  0.0057 - - - 0002 10
Ol Total systematics 0.0116 0.022 0.0117 0.0073 0.684 1.12 0.66 0.032 3.5
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CMS. |

Q

nepr-»

- Measurement of ¢sin Bs — J/i) K"K~ (3 tb!)

[ Y
+ Tagging:
§ . f Tagger Efficiency [%)] Dilution [%] Tagging Power %]
8 g Combined u 3.37 £ 0.04 50.6 £ 0.5 0.86 £+ 0.04
5 Segment Tagged pu 1.08 £ 0.02 36.7 £ 0.7 0.15 £ 0.02
8 Jet charge 27.7=0.1 12.68 £+ 0.06 0.45 £ 0.03
g Total 32.1 =0.1 21.3 £ 0.08 1.45 £ 0.05
o
(o)}
=)
>
O
e
n
2
al
N|CMS,/ | Muons Electrons
7 Mistag fraction w [%] 30.7 +0.4+0.7 348 +0.3+1.0
T Tagging efficiency €54 [%] | 4.55 £ 0.03 +0.08 | 3.26 £ 0.02 £ 0.01
g.lg Tagging power Py, [%] 0.68 £ 0.03 £0.05 | 0.30 £0.02 £ 0.04
o
:
o
=
Ol
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Measurement of ¢sin Bs — D*sDs (3 fb!)

[Phys. Rev. Lett. 113 (2014) 211801]

i

+ Systematics:

.

Systematic uncertainty ¢ (|A| = 1) Ds Al

Resolution 1+0.098 o 10.094 ¢ I0.100 o0
Mass +0.044 o +0.043 ¢ £0.010 o
Acceptance (model) +0.022 o +0.027 ¢ £0.027 o
Acceptance (stat.) +0.013 o +0.013 ¢ +0.014 ¢
Background subtraction =+0.009 o 1+0.008 ¢ =£0.046 o
Total 1+0.11 o +0.11 0 £0.11 ¢
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R

Measurement of TDCP asymmetries
in Bs — J/i K0 (3 fb- 1)

Article submitted to JHEP [arXiv:1503.07055]

'

+ Systematics:

Long  Downstream
Source AAI" Cdir Smix R x 10° R x 10°
Mass modelling 0.045 0.009 0.009 15.5 17.2
Decay-time resolution  0.038 0.066 0.070 0.6 0.3
Decay-time acceptance 0.022 0.004 0.004 0.6 0.5
Tagging calibration 0.002 0.021 0.023 0.1 0.2
Mass resolution 0.010 0.005 0.006 12.6 8.0
Mass—time correlation 0.003 0.037 0.036 0.2 0.1
Total 0.064 0.079 0.083 20.0 19.0
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% Measurement of Bin Bqa — J/Y " (3 fb))
[Phys. Lett. B742 (2015) 38]

Limits on penguin effects in ¢

'

+ Systematics:

Sources ¢s(mrad) A
Decay time acceptance =0.6 £0.0008
Mass acceptance +0.3 £0.0003
Background time PDF +0.2 £0.0011
Background mass distribution PDF +0.6 £0.0016
Resonance model +6.0 +0.0100
Resonance parameters =0.7 £0.0007
Other fixed parameters +0.4 +0.0009
Production asymmetry 15.8 +0.0017
Total +8.4  £0.010

.
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% Measurement of in Bq — J/y mw'7 (3 b))

Limits on penguin effects in ¢

.

+ it spectrum resonant composition:

/>'\ 1400 B 1 ' ' | 1 T 1 T
B e Data -
§ 1200;— LHCb 4 — Signal — Component Fit fraction (%)
\O 1000 - . B(a;;l(()g)jround e
g - A e E,(SOO) 1 p(770) 65.6 = 1.9
g o i f,(1270) -
Z 500 - ; \\ - - 0(782) . fo(500) 20.1 £ 0.7
- PN —— p(1450 -
£ 60f F o P00, 3 f2(1270) 7.8+ 0.6
£ 400 j/ \\’ 1 w(782) 0.641913
§ 20E pA [T 7o\t 1 p(1450) 9.0+ 1.8
B e e ] P(1700) 3.1+0.7
0.5 1 1.5 2

" m(rt) [GeV]
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