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Outline

e Overview of CP violation in b-decays
e Measurements of B meson mixing
e Quantification of penguin pollution
|

e New physics searches in loop decays!

e Searches and CP violation studies in b-baryon decays
|

%/\b—v\! exclusive search, arXiv:1603.02870

!
Ab(=p)—Ahh’ inclusive searches, arXiv:1603.00413 - see dedicated talk by
Daniel O'Hanlon on Monday.




LHCDb Detector

3fb! collected in Run 1
0.3fb! collected in 2015

primary and | ; :

secondary vertices A% =T\ j . | trigger, p-1D
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stations
momentum resolution

e LHCb is a forward arm spectrometer (pseudo-rapidity range: 2 < n < 5),

e Precise resolutions through vertex locator and tracking stations (Ap/p~0.4%, o(IP)™20um),
e Accurate particle ID provided by RICH detectors,

e High muon identification efficiency from muon stations.



Note on tracks in LHCb

e For long-lived particles such as A and!
Ks hadrons, a large fraction decay!
outside the vertex detector, and!
are then reconstructed as downstream.!

e Due to different efficiencies and ! Upstream track

resolutions, so-called long and ! T _ -

downstream datasets are treated !

/

Long track T track

separately.

——— —

T1 T2 T3



Current picture

e \Wide array of results from LHCb testing CP violation in b-hadron decays in Run 1:

e \ast programme to measure the CKM angle vy - see the talk of Malcolm John today.
e So far the SM stands up amazingly (at least in terms of CP violation). !

Picture from CKMfitter:
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e L HCb is making important contributions, even in places we were not expected to, i.e. |Vyp| - see
the talk of Jeroen Van Tilburg today.



Bd mixing

e LHCb is able to provide input to the CP- sm(2[3)_sm(2¢1)Em
violating phase in B4 mixing, defined as ESS%'moog)omog
I q u,c,t b ggg aro 21)093 - 0.69 + 0.52 + 0.04 + 0.07
: * q—.—.‘: - [q - \ ( 1 1 E ‘
l V.V & \ f‘ BaBar J/y (hadronic) K. : : 1,562 0.42+0.21
o2 _Zargo/ cd Cb( WS S W } A0 PRD 69 (2004):052001 ° :
) “ 4 Bell : : : 0.67 +0.02+ 0.0
! $ thth v _ . 3 S _\J PAL 108 (2012) 171802 : 1
ALEPH : : : 8470140,
| o by G . PLB 492,250 (2000) " ] « OB er0Ie
' OPAL - : : 3.20 220 + 0.
: EPJ C5, 379(1993) : : ! 050,
o At LHCb, measured through the time- COF : ; 0,76 041
. PAD 61, 072005 (2000) S W o
dependent CP asymmetry In Bd_'KsJ/Kl) LHCb : : : 0.73 £ 0.04 + 0.02
PRL 115 (2015) 031601 e
v (Bo(t)! I KOY# | (BO(t)! I KO in(" ' Belle5S - : 0.57 + 0.58 + 0.06
A " .(Ii (! I KH#(BE()! ! KY) _ Ssm(AFmt)# chs( Lnrt) pmewmm)171801 : . 5720.58+0.
| 1(BO(t)! J! KO+ I(BO(t)! J! K9  coshEt)+ Aarsinh(53) ﬁgigge : : 0.69 + 0.02

' - i -- A ——
® where . LHCb: PRL 115 (2015) 031601} T I

S=2sin J/(1+]']?)

C=(1-['P)/(1+]'%) 0.3
A =-2c03s o/(1+]!]?) 0.2
' 0.1

-

e | HCb measurement of!
S=sin2B3=0.731+0.035+0.020!
IS approaching the precision of the B-factories

Signal yield asymmetry
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Bs mixing

e An important measurement for LHCb is that of CP violation in Bs mixing, tested with tree-
dominated b—ccs decays.

| - - ~
; b u,c,t 8 I
! B; W~ W+ B
I
| I S h*h
# " &
! !S ! 1] 2"S o 1 2arg% VCbVCiS(
! $ \[[b\/ts '
e Experimentally very complex due to mixture ! LHCb New J Phys 15 (2013) 053021
of CP eigenstates in the Bs—=J /KK ! . L B2l D_I*e Tagged mixed

P & o Tagged unmixed
NN A —— Fit mixed

............ Fit unmixed

transition

400
e CP eigenstates disentangled with an ! -

angular analysis

candidates / (0.1 ps)

e Require excellent knowledge of the!
initial B meson flavour and B decay!

time resolution.

| m,=(17.768+0.023£ 0.006) ps *
0 ] 2 3 4



Bs mixing
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Bs mixing

e | HCb measurement of -10+39 mrad! Global bt: -34+33 mrad
dominates the global fit! |dasME N edekEYNez MR {0k : ' ' D@be“" '

HFAG |
|

0.14}
e Constraining power of the measurement! o

. | = 012 ~), + 68% CL contours j
will increase as LHCb accumulates morel | (Alog £ = 1.15)
0 f ‘
I o, ' ]

data.! — 0.10r | cDF 9.6 fb™

o

e Attention turns more to control of penguin! <1 .08}

pollution...
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Penguin pollution

JHEP 11 (2015) 082

o L HCb can measure A! penguin In decays that do not have the penguin amplitude suppressed.

I (J#K ) =" %Aiﬁl-- aei!ié-'¢

A BOI

1T

| % & 127 s

' AB2# (J%8g = 1! A 1+%adie
I

e Assuming SU(3) symmetry, ai=a;" and 6;=6;

e a2 and O can be determined from the data with a !
modified least squares fit to CP asymmetries and !
branching fraction information.

e [n combination with an equivalent study using!
Ba—J/Up decays (Phys.Lett. B742 (2015) !

38-49), penguin pollution can be evaluated as:

"Hyo = 0.000°%099 (stat) *%008 (syst) rad
"y, = 0.001"%019 (stat) £ 0.008 (syst) rad
" #) = 0.003"%01 (stat) £ 0.008 (syst) rad

Conclusion: penguin contamination is sma

Can parameterise penguin and tree
contributions to each polarisation amplitude

Detalled relations between
{a,#} = {AP,H} given in the backup

: Ho(B — 3/ 4K ™) |
0.8}l == 39 % CL. j i
0.7l= 68 % CL. i LHCDb
1--290% CL. '
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Penguin measurements - B—!!

Phys.Rev. D90 (2014) 5, 05201

e Not all penguins are bad news...
|

e Penguins are also important in searches for new physics! B
(hep-ph /0007328, arXiv:1212.6486, hep-ph/0510245, !
arXiv:0811.2957)

e SM predictions of the CP violating phase in b->sss penguin decays !
(arXiv:0810.0249, arXiv:0910.5237) predict values !

close to 0.! K+

e Amplitude analysis to disentangle the CP!
components of the B!l decay.!

e 4000 candidates from 3fb! of Run 1 data.

§ 35E

e LHCb measures the CP-violating phase to! § ;50
be (arXiv:1407.2222)! = 0
-0.17+0.15+0.03 rad. R

S

o

Low systematic contributions,

very interesting with Run 2 dataset size



Penguin measurements - B—»K*K*
3
e Analysis a pure b—sdd transition. w

e Mixture of CP eigenstates,! S
so requires an angular amplitude analysis!

Parameter Value
Low value of £ conPrmed » /L 0.201 £ 0.057 £ 0.040
fi 0.215 4 0.046 + 0.015
IAT[2 0.114 4 0.037 + 0.023
> |AT|? 0.485 £ 0.051 4 0.019
YT SRES Al> 0.066 £ 0.022 + 0.007
3 5.31 £ 0.24 £ 0.14
) S — 5t ; :
1fb! of Run 1 data yields ‘)ld_"s }93 :it g'il) i 8'(1)3
. A : :
(O EETE 5o 1.06 + 0.27 + 0.23
@'50_ ————————————— amo- . . - gmo_ A m s e
S | LHCb e LHCb o | LHCb
P P ~ 8
g 1001~ - g 100; - 8
T M s | n E 60
50i+f ) + ; 40:
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) VA 7 O I I >
P —= SV,VS,55 O;A‘,,l..,.l..l.ll.,.-‘ O-.l..l.‘,,l..l.l,.,.i 0-..11..,1AL.1‘
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Penguin measurements - B—»K*K*
JHEP 07 (2015) 1665

x-

Triple products measured through asymmetries of

angular observables - Gronau & RosnearXiv:1506.01346

"((costy + cost)sing > 0)! " ((cos#, + costh)sing < 0)
" ((cos#lo;g cos#)sin$ > 0) + " ((cos#, + cos#)sind < 0)

A-3I_ n

- % 1 Im A AY 1 M@ A@E“(M (m)M '(')(m)(dm
5* 3D
Asymmetry Value 4 CP-even polar_isations giv_e rise to 4 tripl_e produc
AT 0.003 = 0.041 = 0.009 asymmetries and 4 direct asymmetries
A% 0.009 £ 0.041 £ 0.009 ; . —
A3, 0.019 + 0.041 + 0.008 7 o< Im(ATAL — AGAL)
A7 —0.040 £ 0.041 £ 0.008 . _
AL ~0.061 £ 0.041 £ 0.012 D < Re(A AT — ATAT)
A3 0.081 £ 0.041 £ 0.008
A3 —0.079 + 0.041 + 0.023 CP-even: f =0, ||, s7, ss

A} —0.081 = 0.041 £ 0.010 CP-odd: 1, s™
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Observation of the $—$! decay,
arxXivlie03.02870

Submitted to Phys. Lett. B.

Based on 3fb! of Run 1 data.
|

e Baryonic version of the Bs—!l  decay.!

e B4—K:! control mode used for BF measurement
!
e As for B decays, polarisation structure!
of Ap—=/AV decays gives rise to T-odd!
observables.
e Allow access to CP violation without the use of a control mode.
|

e Measurements probe the decay directly without the presence of mixing.



Observation of the $—$! decay,
arxXivlie03.02870

e 3D fit performed In the |

KKpt, KK, pTt
dimensions.
!

e Decay observed with
6.50 statistical
significance (5.90
iIncluding systematic
uncertainties).!

89+13 combined

signal yield

signal

combinatorial
$p—$KK non-res

true $+!
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5.18 + 1.04 (stat) £ 0.35 (syst) ©
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Observation of the $—$! decay,
arxXivlie03.02870

e With a large enough dataset, a ) | 0 , i
full angular analysis may be /!! >\ | Al ! fl !ZA\ Ald)\
performed as has been done for \ / \ / \
$ K'

No—NAJ /P - arXiv:1302.5578!
ei basis in $ rest frame

ex parallel to incoming proton
e, parallel to n

e T-odd observables are accessible
without a full angular analysis.

e Use convention of Leitner and

Ajaltouni - hep-ph/0610189! cos! , = By a & 8 " 0
sin! ,, =8z - (& " 8§ =

A7 =" 0.22+ 0.12(stat) £ 0.06 (syst
A} = 0.13% 0.12(stat) £ 0.05 (syst
Ar =" 0.01+ 0.12 (stat) £ 0.03 (syst
A® = " 0.07+ 0.12 (stat) + 0.01 (syst

Asymmetries consistent with zerc

L W A S



$u(%)—$hhO inclusive searches, arXiv:1603.00413

See talk of Daniel OOHanlo
tomorrow in YSF
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Summary

e \Wide programme at LHCb for tests of the SM.
e Precision Is everything:
e SM is holding up pretty well at current levels of precision.!

2& - PRL 115 (2015) 03160

|
28& - PRL 114 (2015) 04180

e Experimental measurements used to determine affect of penguin pollution on CP violation

measurements.!
Bs—J/'\K* - JHEP 11 (2015) 082

e Penguin modes themselves are important searches for physics beyond the SM.!
!

! b—sdd - JHEP 07 (2015) 166
b—sss - Phys.Rev. D90 (2014) 5, 05201

I
e First exploratory studies undertaken of new baryonic modes:!
! p—$! - arXiv:1603.02870

| $p,$hh - arXiv:-1603.00413
|

Run 2 of the LHC will mean the SM will be tested in [3avour observables to new
levels. Stay tunedE
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Backup: SU(3) breaking
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Backup: Penguin pollution
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Backup: Bs—K*K* PDF
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Backup: B—Ks! projections
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