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What (and why) @,




|B:) = p|B.)+4|B.)

D\ Weak eigenstates
|BH> - (mix via box diagram)

b / * q/p: complex number. |q/p| #1 = CPV in mixing
Af\\\ ’/ A * Ag, Ar complex amplitudes. |As/Af|#1 > CPV in decay
JIpo
Even if not CPV in mixing or decay, you can generate CPV in the interference if
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Main (but not only) experimental signature of a non-zero . \\\ s
¢s: it generates wiggles in the time-dependent angular | "'\D\ \
distribution of the B,—]/y ¢ —upKK final state particles. | b;\

The frequency of the (potential) wiggles is known: Am.. B



@, : Standard Model and New Physics sensitivity

Vcb VCS

SM prediction:(bs = —Zarg ( )_ _O 0363"’0 0013 (*)Neglecting penguin contributions.

VebVis

It is very precise, and sensitive to Physics Beyond the SM, specially to non-MFV
New physics .... which is accessible even if the NP is at a high scales

- Illustrative (brute force) test: calculate non-MFV SUSY contributions setting all

particle masses ~1O TeV § 0_2_ (prwate/prelzmznary calculatzon M. Lucio (LISC) Dzego Martznez Santos)
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Those potential effects are within reach of current experimental precision!
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Analysis




o,

,’ 5 \//
@, from B, — J/p (Quu) KK

Analysis strategy: Fit the time dependent angular distribution, considering
experimental effects:

* Background: Events are weighted according to position in J/ KK mass spectrum

* Angular distributions are distorted on data because of
non-flat angular acceptance. Simulation (weighted
according to kinematics seen on data) is used to
correct for this

0.9
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@, from B, — J/p (Quu) KK

Analysis strategy: Fit the time dependent angular distribution, considering
experimental effects:

es /(0.071 ps)

 Lifetime resolution: Non-perfect time resolution
(46 fs, still much smaller than oscillation period, 350 fs)

convolved with the pdf. Main effect is a ~25%

dilution of the amplitude of.the wiggles. Medsured
on data using Qrompt 7 Y events

Candida

0 2 4 6 8
Decay time [ps]

* Flavour tagging: The initial flavour of the B, is
determined either by a lepton/kaon from the other

performance of these taggers is calibrated with
* control samples such as B*—]/wK*, By—~D™*uo and
B.—D, o*



@, from B, — J/w (Duu) nn

arXiv:1405.4140

Physics Letters B, 736, (2014) 186

 Similar analysis methodology than B.—]/ywKK. Some differences:

Events/ (20 MeV)

* Deal with several m*mr resonances (implies a time dependent Dalitz analysis)

« Almost no sensitivity to Al', = less sensitive to decaytime acceptance

[u—
=
T

—
=
T

_.
=

10

E - & I ! ! ' j T j j
z_g;n“_ LHCb
ekt Phys. Rev. D 89, 092006 (2014

PICURT SRS TN B IS S

1.5

L
-

111(n+1t')_[GeV]

'ombinations/ (20 MeV )

Combinations/ 0.05
s 8

=
=

g
(=]

N

2 =
= =
= =

=]
=]
=

(=
=
=

=]

T 1 r T T T [ 1 T T T 1T
! LHCh

(a)

!
}
|
!
!
/

|
I
||

N

| A———
{ Bl cxad

Combinations/ 0.05

= (b) LHCb

- .Signal
background

4t 4
MM

N T O N T = I Y ==y £ R P i I
eI e et T e ] (R o T = = ] |l 0 e =y |
05 I 15 2 05 0 05 I~
m(x*) [GeV) cos 0.
= T T 4 & amE T |
- +, LHCb 3 EonE E
E © B s 1 = 20F (g LHCb E
i I Ee 4= e
= q S ra0pe- s g
C . — =3 E Tt =
£ 4 g mE B
E *- Ld E swf 3
:{f g Qe =
[ — | 400 B —
el i e E
E + Js of 3s
: e e — — G
Tt = - E e 5 § B
05 0 0 - 0 8

hod




Results and prospects
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¢S from BS — ]/IIJ (9"’”) hh arXiV:14O5.4JLv1-;lO

Physics Letters B, 736, (2014) 186
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@, from B, — J/w (Suu) hh

)

¢s (Be—J/wmm), 3fb™ O/%m
|.§
0.070+0.06820.008 rad
SM prediction:®s = —2arg (— %:—V?)= -0.0363+0.0013()

¢s (B.—~J/yKK), 3tb

| -0.058+0.0490.006 rad |

LHCB-PAPER-2014-059
In preparation

arXiv:1405.4140
Physics Letters B, 736, (2014) 186
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@, from B, — J/w (Suu) hh

arXiv:1405.4140
Physics Letters B, 736, (2014) 186
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N IB\EEF
Other observables from BS == I/y) KK LHCB-PAPER-2014-059

In preparation

Observable value

T, [ps] 0.6603 + 0.0027 + 0.0015

Ars [ps-l] 0.0805 £ 0.0091 + 0.0033 (world’s most precise measurements of
| A | 0.964 + 0.019 + 0.007 basic B, physics observables)

| A | (combined w/mt) 0.957+0.017
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Other observables from B, — ]/ KK LHCB-PAPER-2014-059
In preparation
Observable value
T, [ps] 0.6603 % 0.0027 + 0.0015
Ars [pS'l] 0.0805 +0.0091 + 0.0033 (world’s most precise measurements of
| A | 0.964 + 0.019 + 0.007 basic B, physics observables)

| A | (combined w/mt) 0.957+0.017

First polarization dependent results (to study penguin pollutions) EW
Observable value Observable

| Ao | 1.012 £ 0.058 £ 0.013 | @, -0.045 £ 0.053 £ 0.006
A /N 0.97+£0.16 £ 0.01 D -D, -0.018 £ 0.043 £ 0.009
| AL/ | 1.02£0.12+£0.05 O.-P, -0.014 £ 0.035 £ 0.006
| As/ N | 0.86 £0.12+£0.03 OO, 0.015 + 0.061 £ 0.021

Everything compatible with no polarization dependence e



@, in other channels

In addition to B,—J/wKK and B,—]/ywnn LHCb measured ®s in B.—D D, :

05 = 0.02 4 0.17 (stat) £ 0.02 (syst) rad, [A| = 0.91 £012 (stat) 4 0.02 (syst) arXiv:1409.4619

See M.Jung's talk at 12.05: https:/ /indico.cern.ch/event/324660/session/4/contribution/43

And also plans to:

* B, —w(25)KK (~10% of the statistics power of B,—J/WwKK)

* B,—J/ywKK (high KK mass)
* B.,—J/wKK with the J/y going to electrons
Altogether could give an

extra ~25 % reduction of the
uncertainty in @,

Candidates / (5 MeV/¢?)
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https://indico.cern.ch/event/324660/session/4/contribution/43
https://indico.cern.ch/event/324660/session/4/contribution/43
https://indico.cern.ch/event/324660/session/4/contribution/43

@, (ATLAS/CMS)

ATLAS and CMS also study
B.—J/y ¢ —ppKK

A

Lumi. (fb!) 4.9

AT, (ps™) 0.053+0.021+0.010  0.096%0.014+0.007

@, (rad) 0.12+0.25+0.05

arxiv.org/abs/1407.1796

-0.03+£0.11+0.03

CMS-PAS-BPH-13-012
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@, (world average)

ATLAS and CMS also study
B.—J/y ¢ —ppKK

A

Lumi. (fb!) 4.9

HFAG private/unofficial

world average yields AT, (ps?)  0.053+0.021+0.010  0.096:+0.014:0.007
HFAG world average, unofficial
b =-0.015+£0.036 rad | d, (rad) 0.12+0.25+0.05 -0.03+0.11+0.03
arxiv.org/abs/1407.1796 CMS-PAS-BPH-13-012
0.20f" AR AN FA § ‘ . ‘ ,
Preliminary 4 Gl DO 8fb™ HFAG
'
68% CL regionsi
= AlogL=1.15 | Preliminary
- 0.12 68% CL regions
| ; i AlogL=.15
% LHCb 3fb™ T
£ 010 ombined 1 2 0.10 CDF 9.6
~ - =
< |
0.05- 0.08"
ATLAS
491"
0.06
0.00", l | - | . g
-15 -1.0 -0.5 0.0 0.5 1.0 1.5 0 T 5.8 = S

0°°° [rad] @°®*° [rad]



Prospects
\ —_
T "% g’ ' Bs>J/yKK
= ORER TN Bse] /LPKK + Bse] /Lpnn "
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0.025 ------------------- -----------
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0.01 e SR {- ------------- -----------
0.005 v ' --------------------------------------- ----- ) S— -----------
= N A
0[; |€| 1 |2 1 :|3 1 4|. é é\‘ll L1 Tl' |
N L(Run-II) fb™!
~2016 ~ end of Run-II

.. and with LHCb upgrade the sensitivity
can go below 0.01 rad
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. and with LHCDb upgrade the sensitivity
can go below 0.01 rad
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Penguin Pollutions

Decay tne |p:




Penguin pollution

* Penguin contributions to @, are usually neglected because
they are doubly Cabibbo supressed.

« However, these contributions cannot be calculated reliably
from QCD

 S. Faller, R. Fleischer, T. Mannel arXiv:0810.4248 [hep-ph]
propose a method to calculate the penguin pollution to @, by
analysing B =2 J/wp and/or B, = J/ywK* data

Source: google penguin pollution

B.—J/wK* K

[ ) . Y )
& | .JT/'-'..') colou:: 2::5391: ; | I| J/)‘V'
) = _-'\ (]
b e
- L,?/‘I C -'/ e
5 4 K d ’ "Iﬂf \, ™
=
{ |
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i NIBQEF

Penguin pollution LHCb-PAPER-2014-058

In preparation

2 A2 2 _ A2 -
[(t) = Ne Tt { Al g il - Al > Al cos(Amgt) — Im(A*A) sin(Amdt)}

B> J/wp analysed full dataset

o . . T(f) _ N_,—th ‘A‘Z + |j|2 o |"4|2 B |]|2 (A T) +I (A*E) (A f)
* CPV in time dependent Dalitz ) =~Ne 5 5 coslamat) +Lm sin(Amqt
anal SlS measure an effective 2 ,AS Z (sum over m*1r resonant transversity amplitudes
y amp
ZﬁEff Using formalism PLB, 719, 383 (2013)

Penguin info

VoaV
3= arg ( tZL:)

A28, = 2,8;3 — 20

\-u

l
) A

2 iCH‘ = —ar n(;h,\ ] |/\lf’('_i‘23

Ai

* Apply SU(3) symmetry (0'>0, a’
—>-ga) to convert result into

estimate of penguin pollution in
®, or 2pwKs

1+ f£a fe"’;gf e~
dp = —ar —
P 5 ( 1 ﬁf/\fa fﬁz‘gf ¥y

/
‘ us‘z/(l ‘ 11«‘2):()'0534 5]3% —€ A2ﬂf

LHCb
PRELIMINARY

B——J/yK- + J/yn

5400, 5500
m(J/yn') [MeV] 5,



L NINEEF
Penguin pollution LHCb-PAPER-2014-058

In preparation

B ~ 1400 pr——1— T T T T T ]
B J/wp analysed full dataset  : % F LHCb _* Daa :
E 2 1200 :_ ----- S|gna| _:
£ O L wwe Background ]
y £ oo 1000 = — = (770) =
Obtained: R 1(500) ]
= 800F — 1,(1270) ]
Z C == (782) ]
Decay time [ps] e C p(1450) ]
|6p | <0.02rad @ 95% CL g 600F — (1700 ]
= - ]
Z 400 .
( half of the uncertainty on @) 'g C , ]
o) C -
S 200f o :
0 ,
o . : 0.5 1 15 2
» The above limit depends linearly m(') [GeV]
on SU(3) breaking factor a/a’ |
2 ey PRELIMINARY

1.5F PRELIMINAR LHCb =

e
=
» Consistent with theory g
. ; 2 Scales linearly with
estimations a SU(3) breaking factor

< - a/a
5N
\w
[o)}
Lo'l.

bk L " PR | PR L L | PR T T 1 L "

-0 100 200 300

0- 0 [deg]
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Penguin pollution

B, 2 J/wK* experimental status

* Analysed with 370pb!
 Branching fraction

* Polarization amplitudes

fr, = 0.50 %+ 0.08 +0.02
fi = 0.1973:58 + 0.02

BR(B,s — J/¢YK*°)
B]}(Bd — .]/{‘;v]\'*())

= (343502 -L0.50)%

B(B? — J/¢pK*%) = (44732 £0.8) x 107°
0.4

Candidates / (6 MeV/c?)

5400

5200 560

My kn (%newcz)
30 T T T

LHCb

Candidates / 0.22
N
o
:
]
i ]

Candidates / 0.22

Candidates / 0.70

N w
(=] (=]
T T L

Y
(=]
T T T

30

20f

Expected similar penguin sensitivity than J/ymm, but depends on central values

10!
[ arXiv:1208.0738
j— o i 051
cos(0)
arXiv:1309.0313 g 120
SM il [mgtig} % | S 100
g =
expectations [29.14_@:%} 7 | g 80
BR(B, — J/¢K*°) 0.0333 | £ o
—— rz 0L.033: S 40
BR(B; — J/¥K*9) =
£ 20
o

of

1500
M, (MeV/c?)
29)



Conclusions

* New @, result presented, in excellent agreement with the Standard Model

| bs = -0.010+0.040 rad | (preliminary)

26



Conclusions

* New @, result presented, in excellent agreement with the Standard Model

| bs = -0.010+0.040 rad | (preliminary)

 Precision can improve to <0.02 rad in Run-II, and <0.01 rad with LHCb upgrade

+ Excellent experimental sensitivity to penguin contamination, need theory input for
SU(3) factors

Bone, you are

... butl am
patient...

27
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Component  Fit fraction (%) Transversity fractions (%)

0 I 1
p(770) 65.6 1.9 56.7+1.8 235415 198+1.7
fo(500) 20.1 +0.7 1 0 0
f2(1270) 7.8 +0.6 64 +4 9+5 27+ 5
w(782) 0.64701 44414 53+ 14 3+10
p(1450) 9.0+ 1.8 AT+11  39+12 14 £ 8

p(1700) 3.1 0.7 29 + 12 424+ 15 29 £ 15




AT, [ps ™1

0.25

0.20

0.15

0.10

0.05

0.00

_ : HFAG
Flavour Specific
0.62 0.64 0.66 0.68 0.70 0.72 0.74
I, [ps ']
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¢?? from B, - ¢p¢

bd _ qA(Bs - ¢9)
T <PA(BS—>¢¢)

)

different quantity than the ®@s I presented at the

beginning of my talk

SM expectation is (I)ffd’ <0.02

arXiv:0810.0249
arXiv:hep-ph/0612290
arXiv:0910.5237

Also measured through time dependent angular
analysis. We have analysed the full 3 fb™ dataset:

0.42 rad )

Candidates / (

CP-Even (Ao, A))

Candidates / 0.13

350F
300F

L]
th O
==

L
=]
TTT

h
=
TTTT

100E

LHCb

=]
FTT

$? = _0.17+0.15 + 0.03

cosl’:)l

CP-Odd (A} ) + S-Wave (As)

F el o —
3 fs ’/II\\\.J

arxiv:1407.2222

W
(=T
2 o

Candidates / 0.13
2

—
[=]
TTTTTTTT

Double S-Wave

In very good agreement with SM
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@, from B, — J/p (Duu) nrn

Sources ¢s(mrad)
Decay time acceptance +0.6
Mass acceptance +0.3
Background time PDF +0.2
Background mass distribution PDF +0.6
Resonance model +6.0
Resonance parameters +0.7
Other fixed parameters +0.4
Production asymmetry +5.8
Total +8.4

Sill



| 4o|%(t)

‘ 2

[4)(f)
EMGE

(A (1) AL(H)

R(Ao(t) A (1)

S(Ao(t)AL(t))

2

|As()]”

R(AL()A) (1))

I(ALT(B)AL()

“R(A:(f-)fiu(t))

>
]

2 _p r
|An|“e Lat [cosh ( t) — cos ¢ sinh ( — sin ¢s sin(Amt)])

o AT
t | — cos ¢és sinh —t

|‘4J_‘2f57r.gl’[cubll (%t) + cos ¢ sinh (%t

|4 |2e~T#*[cosh ( + sin ¢ sin(Amt)] ,

)

Al
[ApllAL le=Fet[—cos(d, — d)) sin ¢s sinh ( Tt)

sin ¢ sin(AmtH,

—cos(8y — 8_||)cos ¢s sin(Amt) 4 sin(51 — §)) cos(Amt)]
|Aol|Ay|e™"=" cos(d) — do)[cosh ( %f) — cos és sinh (%r)
+ sin &< sin(Amt)] .

|_-.1,3||__1L|P—l'sf[_ cos(d | — dq) sin ¢ sinh ("-\‘_er)

—cos(6) — b0) cos ds sin( Amt) + sin(d) — do) cos(Amt)]

5 _r AT AT
|As|?e~T=![cosh (Tf) + cos @ sinh (71‘) — sin ¢g sin(Amt]

[Ad||Ayle™ ! [— sin(6) — ) sin & sinh (_\7)1“#) — sin(d) —8.) cos b, sin(Amt)
+ cos(8) — d4) cos(Amt)] i

|.'-33||.-1L\e“_r5' sin(d | — ds)[cosh (%t) + cos ¢ sinh (A—)Ff)
— sin &s sin(Amt)]

|As||Agle V=t [—sin(dg — d.) sin ¢ sinh (%t)

—sin(dy — 85 ) cos ¢s sin(Amt) 4 cos(dy — d.) cos(Amt)] .

Apart from the wiggles, there are
other terms in the pdf that have
some sensitivity to Os:
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@, from B, — J/p (Ruu) KK

Source I, Al |A |2 | Ag|? I 0 O |A| Amyg
ps™1 [ps!] rad] [rad] | [rad] [ps~1]
Total stat. uncertainty 0.0027 0.0091 0.0049 0.0034 Fp19 0121 0.049 [0.019 FPp22
Mass factorisation — 0.0007 0.0031 0.0064 0.05 0.05 | 0.002 [0.001 0.004
Signal weights (stat.) 0.0001  0.0008 - 0.0001 - - = = -
Resonant background 0.0001 0.0004 0.0004 0.0002 0.02 0.02 | 0.002 |0.003 0.001
BT background 0.0005 - - - - - - - -
Angular resolution bias - - 0.0006  0.0001 *995  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 50 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 0.0033 0.0036  0.0067 762  0.06 | 0.006 |0.007 0.011
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Penguin pollution

arXiv:0810.4248

. CKM angle
Mainly two observables: /

penguin stuff

(BR-f, )WK*

f = polarization state Experimental input. Basically

(modulo lifetimes) (BR i 1:f ) Ilye

Direct CP asymmetry (difference of yields)

35



Penguin pollution

arXiv:0810.42438
CKM angle

Mainly two observables:

(| Vsl) %
penguin stuff
P . . s Bl
f = polarization state Experimental input. Basically S
(modulo lifetimes (BR d ff )J I

SUQB)>a =a,0 =60

\ ...and plug here

2earcosfesiny + e*a% sin 2

Direct CP asymmetry (difference of yields)

i A !
tan Agl = - .
1 4+ 2earcos s cosy + e2a’s cos 29
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Penguin pollution

Mainly two observables:

penguin stuff

This other stuff are SU(3)
breaking effects which
are currently poorly
known

ks e

37



Penguin pollution

Mainly two observables:

arXiv:0810.4248

This other stuff are SU(3)
breaking effects which
are currently poorly
known

|
I
|
arXiv:0810.4248 i
%
| °

S e

|

l-i\—
|

(et

penguin stuff

Or maybe not so poorly?
arXiv:1309.0313 [hep-ph]

\_——i!'\]\ 206

J 196

—

i =+0.210
== 0.845" 155

i 0.234
- D360
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—V2A(B’ = (JJbp)s) = AA; { a}elﬂ}e' }

VeV,
VeaVig |

122 where the CP-conserving hadromec parameters are

123

and

_A} = \24

I3
a}elgf =

Ry

(o) f ) f t)f
AP+ AP - D]

Aéu}f . Ag}f ]
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