


LHCb experiment

e Complementary to B Factories (look for B, sector)

® Complementary to ATLAS and CMS

® Dedicated to flavour physics in B (and D) sector(s)
e | HCb searches for indirect effect of b s b W

> =
New Physics through loop diagrams s “&U teur ot Xt £
e et |

sensitive to higher mass scales W* Hy

® Forward spectrometer as bb are boosted along beam axis 2<n <5

CMS

LHCb MC
Vs =7 TeV
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LHCb experiment

Muon chambers RICH system
Trigger + n ID p, K, x ID

VELO
Precise vertexing

Interaction point

Tracking stations Dipole magnet

HCAL, ECAL and Preshower/SPD momentum 4Tm
Trigger + y/e energy and ID
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Results to be presented

* Oscillation frequency Am, from B/ — Dz’
* Mixing CP asymmetry a,

® [ndirect CP violation phase @,
® From B)—J/yK'K"
® From B)—=J/yn*'n
® From B/ —¢¢

® All results presented with 1.0fb! recorded in 2011
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B. oscillations

® B, oscillates much faster than BY =»need precise
measurement of Am, for CPV measurements

* Better channel is B, =D’

® Using 5 different D, modes s
(adds up to ~34 k events
in 1.0 fb'1)

b c _
BSS S‘Ds

. = (K"K )7
- K%K'n )K"
- —>K'Kn”
=K nan

e A AN A

RSB ES
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Am, measurement

DT - ¢(K+K~)m™

e With ~34k events in 1.0fb'!

RS .
§4000L a) N :::ta (prel)
E » Tagged mixed e N
: B o Tagged unmixed @ i BB DK*
° S
< 400/ Fit mixed 5200 LHCb I comb. bkg.
o i —— Fit unmixed 2
S 8
— - 3+ "
2 200 0™ 5400 5600 5800
S i (D, n*) invariant mass [MeV/c?]
* =
oo " L L 1 L " N L 2 M N M L 3 M M 4

decay time [ps]

Compatible with SM predicti
\Am, =(17.728+0.023+0.006) ps | Aon2p5<'17e.3wi'2.6)ps-?re iction

® World’'s most precise measurement

~arXiv:1304.4741, NJP 15 053021
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CP in mixing
® With a flavour specific decay we can measure the
time integrated CP asymmetry in B - B’ mixing

_ T(BY— Dyu*) T (B? — Diu") ’

as; = = ~1— |7
I'(BY — Dyu*)+T (BY — Diu) p
: Bs)=p Bg +q Bso
®* The mass eigenstates are = 0> _0>
|B.u) =p|B2) —q|BY)

* Standard Model prediction |a}=(1.9+0.3)x107
A.Lenz arXiv1205:1444
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waped 5k
CP in mixing
e Signal yields extracted from mass fit to 1.0fb'! of data

e PDF takes into account D* and combinatorial

backgrounds
% LHCD %
E 10 i Preliminary E 10*
< D* —
£ 2
S 10° § 10°
w w

2
2

P—— | PR —N—— PR PR S U R ——

1950. 2000 1800 1850 1900 1950 2000

m(K'Kn*) (MeV) m(K'Kn) (MeV)

| _—
1800 1850 1900

About 40k signal events for each charge
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IF FR]
CP in mixing
® Main systematics due to
efficiency ratio extraction

taken from calibration
samples

e Will go down with more
statistics)

e | HCb obtains
a;, =(-0.24+0.54+0.33)%

® Most precise measurement
of the asymmetry

HCb-CONF-2012-022, Preliminary

y =schsgpo
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CP in mixing
® Main systematics due to
efficiency ratio extraction

- taken from calibration ~ 2

= samples S f :
= ¢ Will go down with more T «——LHCb
o statistics) 1

N . 2 .

O. “ LHCb Obtalns égyflactories ‘-=

3 ~F B Do, 9.0M" —

o |a, = (—0.24 + (.54 = 0.33)% Jf EEo et =

C\.‘ . LHCb, 1.0 fb” —

L ) -5 P I R R T B T T =

S *® Most precise measurement 4 2 ¢ (x10'2)2
= of the asymmetry !

=

—]
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Indirect CP

e When both B’and B, decay in the same final state we can

have CP asymmetry in the interference between decay and
mixing

O=0,-20,

® A time dependent analysis is sensitive to @;

* Need to measure oscillation and the flavour of the B! at t=0
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Tagging system

® Flavour Tagging is the procedure to determine the flavour of
the reconstructed B meson at production

® Looks for the underlying event to get an answer

same side
kaon tagger

Same side

proton proton

~~~~~~
S

*~._ Vertex-charge tagger

Opposite side : X i )
~from inclusive vertexing

opposite B {

opposite
~~~~~~ kaon tagger (K")

-’

positive leptons from

negative lepton taggers b—30-5| Gascads

(e, w) from b-quark

® Neural net to combine the different taggers
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Tagging system

® Calibrate tagging using flavour specific decays as B*=2>J/yK*
for opposite side and B, — D x*for same side tagger

N + N N LHCb-CONF-2012-033
E g = R W W W .
NR+NW+NU NR+NW

. 2

Eui = Erge(1- 20)
LHCD preliminary

ls=7TeV,1fb"

® Dilution depends on final state and
we have a per event w B. s Dewt

* Combined tagging power € .=(3.13+0.23)% for B) = J/yK*'K"

Use of SST new wrt previou
analysi: (C ‘
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B.=>J/YK*K % Ving
® Golden mode for @ (Analogue in BS { —<\ 1 koK

sector to BY9=2J/yYKy)

. : ccs VV
® Small & well predicted in SM ¢, =-28, = —2arg( Vts L

cs ' ch

®* New Physics could add large terms to @,

® Dominated by #=2>K*K

=(-0.036+0.002)

CKM fitter,
arXiv:1106.4041

time

Analysis with 1.0 fb-! yields
about 28k signal events

S arXiv:1304.2600. submitted to PRD
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arXiv:1304.2600, submitted to PRD

e

B! =>J/ KK

e VV final state: is not a CP

eigenstate and needs to separate
CP odd and even components with

angular analysis (s-wave ~ 1%)

® Well described using helicity
basis (same as B, = ¢¢)

® (Observables of the fit: mass,

proper-time, angles, tagging decision

® Time resolution obtained from
prompt J/ ¥ (with effective width
of 0,=45fs)

B. Souza de Paula - FPCP 20

B = ¢
K+ wr
01,4 s Bb 02
¢
K- \Q' K
o’ data points | 3"“f
of  ue total it pdf

CP-even
CP-odd
S-wave

2

3,

Candidates / 0.228 ps
35

3

decay time [ps] cos(helicity angle 6,)

1

cos(helicity angle 6»;)

helicity angle ¢
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B.=>J/rtm

® There Is a vector-pseudo scalar final state with the same
diagram as B, = J/yK'K"

° B’ — J/ya*n~ (dominated by ,(980))

PRD 86(2012) 052006

® No angular analysis needed

® CP-odd eigenstate (>97.7%) gof ™™ | [ corocted cme
é’ 700 region: I?HCb 3

® ~ K- vi - f0(980) + :
1/3 of B,=2J/yK*K yield o :x 5 &127%”

: fo(1370) E

® First observed by LHCb g : o1370) ¢ E

400 : ' 3
in 2011 300 l t E

200
100 ; =
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s
B.=>J/rtm

There Is a vector-pseudo scalar final state with the same
diagram as B, = J/yK'K"

B? — J /ya*n~ (dominated by £,(980))

PLB 713(2012) 378

No angular analysis needed

CP-odd eigenstate (>97.7%)

N
o
o
o
al

~1/3 of B,=2J/YK*K yield LHCb, 1.0/fb

~7.4k candidates

-
o

Events /5 MeV
S
o

First observed by LHCb
in 2011 800

m(JApxtn) (MeV)



@ fit results

* Results MLL fit for B] = J/yK'K" S;gjg;: ;
0.14F 3
¢s =0.07 +£0.09 (stat) £ 0.01 (syst) rad 0.2f 3
[y = 0.663 & 0.005 (stat) & 0.006 (syst) ps~! 03)';5: :
— 0.06 =
AT, = 0.100 £ 0.016 (stat) & 0.003 (syst) ps~! 004f E
Al =0.94 £0.03 (stat) £ 0.02 (syst) 3 E
04 : :
. ¥ ¢, [rad]
o : Lenz and Nierste, arXiv: 1102. *
Maln SyStematICS due to g%l‘wa?tter, agx?v:115€.w4): 11024274,

acceptance of the angles

arXiv:1304.2600, submitted to PRD
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® Results MLL fit for Bf — J/YyK'K"

¢s =0.07 £0.09 (stat)+0.01 (syst)rad
[y = 0.663 & 0.005 (stat) & 0.006 (syst) ps~!
AT, = 0.100 =+ 0.016 (stat) = 0.003 (syst) ps~*
Al =094 +0.03 (

stat) = 0.02 (syst)

® Main systematics due to S pe o, o o227
acceptance of the angles

®* Enough data to also measure Am,
|Ams =(17.70£0.10+0.01) pst |

arXiv:1304.2600, submitted to PRD

~® Good agreement with B — Dz

B. Souza de Paula - FPCP 2013 —
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@ fit results

® Results for B) = J/yx*n”

+0.17
¢, =-0.14",.+x0.01
® Combining the results from B, = J/yK*K and B, = J /ya*a

¢s = 0.01 =+ 0.07 (stat) & 0.01 (syst) rad,
I's = 0.661 & 0.004 (stat) & 0.006 (syst) ps?,
ATy, = 0.106 & 0.011 (stat) £ 0.007 (syst) ps*.

®* +ambigous solution (@, AT )>(IT-D,-AT,)

PPLB 713 (2012) + arXiv:1304.2600
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Solution of ambiguity

® To solve ambiguity it is possible to measure the
difference between S-wave and P-wave in bins of

KTK- mass

..............................................
o

Xie et al THEP09(2009)074

Difference in blue

...........................
e 1000 1020 1040 1060 1080 1100 1120
K*'K invariant mass (MeV)
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e Esh
Solution of ambiguity

® To solve ambiguity it is possible to measure the
difference between S-wave and P-wave in bins of

)
= KtK- mass
O P
+ b N
@ = ' £l
= .+ £ 4p LHCH Ly .
- 3 Xie et al THEP09(2009)074 o 3 AT
|5 i > 3| - <0
) o © |
g . . 2
e g Difference in blue _ | AT
= 1 >0
e, —+=
(“\31 0
< bt e
O 1000 1020 wlnva:lgxmas:m 1100 (mv)zo -1 n
m 1000 1020 1040
_—>g m(K*K) [MeV/c?]
2
N

Only Ar>0 fits the expected pattern

B. Souza de Paula - FPCP 2013 -



o Esh

@, summary

LHCb 1.0fb"' + CDF 96fb '+ DO 8fb ' + ATLAS 49fb™

H'— 0.25 -q L l "'" T r‘: L ' L ' L L ] L) F_
L - ; DO™, :
2 o020k : ‘ -

Sl 0-20 — ' . —_—

" " : 68% CL contours

— X . . (Alog £ = 1.15) -

<] 0.15 \ : -
- : . LHCb :

C N eeemeeee s‘:, “, N

0.10|- < ,@Qombined —

d \COF SM i E

0.05¢ : 7 ATLAS -

0 :1 ] L - H; .. ..... 1 N 1 1:

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
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arXiv:1303.7125, accepted by PRL
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B! od

Decay via b=»sss transition

InSM |@,=(00£02) ,xiv:09010.5237

Analysis performed also with 1.0 fb'!  Apout 900 signal events

5

Similar tagging power

and proper-time resolutiony
to J/ Y K*K

3

Candidates / (5 MeV/c?)
g 8

Also VV final state

v B 5 2




arXiv:1303.7125, accepted by PRL

B!> o¢

- LHCb
4r

Fit results for @,

Including systematics

¢, =[-2.46,-0.76]

p-value of Standard Model hypothesis is 169

First measurement of CP violating phase in B, — ¢¢

B. Souza de Paula - FPCP 2013 — 21/5/2f
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Conclusion

e |LHCb produced very interesting results of CP
violation in B, oscillations

® Am (mandatory ingredient)
From B, 2D n* |Am, = (17.7280.023+0.006)ps™}
arXiv:1304.4741, NJP 15 053021

® Precise measument of mixing asymmetry a,

a, =(-0.24=0.54+0.33)%

LHCb-CONF-2012-022, Preliminary

S—
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e

Conclusion

® Most precise measurement of CP violation phase in

B = J/yYK'K ,m*'n .

PLB 713 (2012) + arXiv:1304.2600

¢s = 0.01 =+ 0.07 (stat) £ 0.01 (syst) rad,
[, = 0.661 + 0.004 (stat) + 0.006 (syst) ps~*,
ATy = 0.106 + 0.011 (stat) £+ 0.007 (syst) ps~.

® First measurement of CP violation phase in Bf — P :

P,

[-2.46,-0.76]

B. Souza de Paula - FPCP 2013 -
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Prospects

® All results presented are in agreement with
Standard Model

e All results are still limited by statistics

e Update those results with 2012 data (2 fb'l)
e 2015-2017: more data

e | HCb Upgrade |see R. Le Gac’s talk on friday

g e b

B. Souza de Paula - FPCP ‘;' .
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Backup
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LHCb performance

e VELO silicon planes gets closer (8 mm) to beam in collision
mode =» |P resolution of ~12 4y m and proper time of ~40fs

e 2 RICH detectors give better particle identification (p/K/m)
separation 2-100GeV/c

® Tracking system gives a resolution of op/p ~0.59,
(2-100GeV/c)

® |n2011: 1.0 fb'! recorded: ~3.10!! bb pairs produced

B. Souza de Paula - FPCP 2013 -2
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CKM triangles

‘sd’ triangle: K°
VisVua +ViVea + VigVia =0 ' ‘bd’ triangle: B®

VasVud + Vo Vea + Vi Via = 0 ’/\I

VioVus + VapVea + VigVie =0 g bs’ triangle: B.

15

| relative size of CP-violating effects

o g VidVea
VJb Viud

= ar ( VJqud)
7 - g Vc,z Vcd

/8 = arg <— VCb‘/Cd)

10f
05

1= 0.0 s
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4

~“ UFRJ

a systematics

e

Source daq (%)

Signal model in D mass fit 0.12
Background from other b hadrons 0.10
Kinematic difference between 1T and [ 0.12
Kaon asymmetries 0.04
Varying run conditions between field-up and field-down 0.02
Muon corrections 0.10
Muon related software trigger biases 0.10
Statistical uncertainty on efficiency ratios 0.20
Total 0.33




Tagging calibration

 For each event an estimated probability of the tagging
decision to be correct (1) is given by a neural net.

Calibration of 1) is needed to obtain an  event per event

» Use per event mistag as observable w =py+p; - (7 —17)

* B — /1 K used for calibration, and the kinematically similar
B’ — J/W K* is used as crosscheck

MC w distribution/ calibration totally compatible with B* — J/1 K_

Study correction function between actual mistag and calibrated

mistag
Expected Obtained
po e 7—’ = 0.35 Po = 0-333 :t 0.025
=1 p1 = 0.71 £ 0.36

B. Souza de Paula - FPCP 2013 — 21/5/2f




el s
OST calibration

B —Dx"

0.2 algorithm | €(1 — 2w)? [%]

SSK 1.54+0.4

0.1 0OS 2.29 4+ 0.06

0 l OS + SSK 3.8+0.7
0 0.2 04 06

n -

B. Souza de Paula - FPC



S Esh
@ from b=>cCs

® |[n SM

¢, =-2p, =-2 arg(—%) =(~=0.036 +0.002)rad

cs ' ch

SM NP
e We measure @, =¢, +¢

® Many NP terms can be added to ®_ due to mixing:
eg. SUSY, extra dimensions, 4th generation

B. Souza de Paula - FPCP 2013 — 21/5/2f
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B.D>J/Y O Fit

® Signal pdf depends on acceptance, flavour tagging
and proper-time resolution

SN, t,Q) = e(t,9) x ( LD (X, t, Q) + =225, t, Q')) ® R,

{-' 1 - v v || - - v 1
@ o LHCb Preliminary [
s NS *7TeV,L- 337 pb "' /"‘\
I_,. .o ".
< 04 i )
N %
0
— N Ivtat. * syt
.v';.:’.. — L C L (Wt ¢ yee)
.o 1 ‘ :‘/ \.i.. --------- L)
0.2
1 a 1 ™ a a 1 a a
0
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Source Ly AT |AJ. |2 |A0 | 2 5|| o1 bs I)‘l
[ps™'] | [ps™'] [rad] | [rad] | [rad]

Stat. uncertainty 0.0048 | 0.016 | 0.0086 | 0.0061 | 513 [ 0.22 | 0.091 | 0.031

Background subtraction 0.0041 | 0.002 0.0031 | 0.03 | 0.02 | 0.003 | 0.003

BY— Jh) K*° background - 0.001 | 0.0030 | 0.0001 | 0.01 | 0.02 | 0.004 | 0.005
Ang. acc. reweighting 0.0007 - 0.0052 | 0.0091 | 0.07 | 0.05 | 0.003 | 0.020
Ang. acc. statistical 0.0002 - 0.0020 | 0.0010 | 0.03 | 0.04 | 0.007 | 0.006
Lower decay time acc. model | 0.0023 | 0.002 - - - - - -
Upper decay time acc. model | 0.0040 - - - - - - -

z + p scale 0.0009 - - - - - - -
Fit bias - - | 0.0010 - - - - _
Quadratic sum of syst. 0.0063 | 0.003 | 0.0064 | 0.0097 | 0.08 | 0.07 | 0.009 | 0.022
Total uncertainties 0.0079 | 0.016 | 0.0107 | 0.0114 | *535 | 0.23 | 0.091 | 0.038
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B.= @ @ projections

Candidates /0.1

Candidates / (033 ps)

Points: Data

iy 05 0 os 1 Black: Total

cos 0,

S ol 3
ot Ly

: T I BES
ot T TR S
O

Red: CP-Even
Green: CP-0Odd

Blue: S-wave

\‘
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CPV in BO=J/ WK,
worznow  LHCb 4 Sywke = 0.73 % 0.07sa % 0.045y
CJN,Kg e 003 -~ O-Ogstat - = O.OISyst

S o <
N W b

Signal Asymmetry
[

S :
—_— O

arXiv:1211.6093v1, accepted by PLB-

t [ps]
® First measurement of S in hadronic environment

* C compatible with SM and S with WA sin2p=0.679£0.020

| ® Systematics will also go down with more statistics i
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