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The LHCVb experiment

Forward spectrometer with very precise
tracking and PID

* Decay time resolution ~40 fs (B>]J/ LpKL{)
* Invariant mass resolution ~8 MeV .. .
BN '

Efficient and flexible trigger (==
e ¢ ~80% B>]/ywX decays interesting for
physics studies

et
3
[

C . Dativarad in 20102 (4 Tev): 2.734 /M
- B Racordod in 2012 (4 TaVl 2088 i
L Recorded in 2011 (3.5 TeV]: 1.107 ib
Racondad in 2090 (3.5 Ta¥): QLOE Mo
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o

Recorded luminosity: 3 fb

Integrated Luminasity {1/}
o
I

e E_ . ..|_,h,4,¢1..|3:32_.cm-25-.1: gt R
1fb1at7 TeV (2011) e —3tbrecorded
2 fbl at 8 TeV (2012) oof-
>1 fb at 13 TeV (2015, 2016) N3l
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The LHCDb experiment

* The LHCDb physics program focuses mostly on CP violation and rare decays

* Both correspond to indirect searches for New Physics (i.e, new particles),

. d
 Indirect approach has been very successful in the past N UGt

= E

= E-

* Neutral Currents 2 4

(Z° inferred ten years before direct observation) w,; z

* Kaon mixing = uor &

e ol T

(top-quark inferred 30 years before direct observation)

i
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The LHCVb experiment

* The LHCDb physics program focuses mostly on CP violation and rare decays

* Both correspond to indirect searches for New Physics (i.e, new particles),

d
 Indirect approach has been very successful in the past ; N Uit
* Neutral Currents z =
(Z° inferred ten years before direct observation) w.; :
* Kaon mixing S uct £
(top-quark inferred 30 years before direct observation) f,f P e

( you may also notice Earth’ radius was inferred indirectly 2.3k years before direct observation...)

~2 3 K yvears till the direct observation.
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What (and why) @,




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

B, mass eigenstates: e it
|BH> - (mix via box diagram)

* q/p: complex number. |q/p| #1 = CPV in mixing
* Ag, A complex amplitudes. |As/Af|#1 > CPV in decay

Even if not CPV in mixing or decay, you can generate CPV in the interference if

sin(¢g) = sin (—arg <%:;1=;>> 0

Main (but not only) experimental signature of a non-zero
¢s: it generates wiggles in the time-dependent angular

distribution of the B,—]/y ¢ —uuKK final state particles.
The frequency of the (potential) wiggles is known: Am..




@D, : Standard Model and New Physics sensitivity

° . V V* 4 o 1 3 : b 4
SM prediction: ®s = —2arg (— ﬁ)= -0.038+0.001() O ieglecting penguin contributions
th"ts

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 to wino DM mAMSB best fit point
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@ from B Y ]/IIJ ( 9”‘1) KK Phys. Rev. Lett. 114, 041801 (2015)
S S

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

5300 5350 5400 § 0.8 ? | E
- m(Ihy K'K) [MeV/e’] % 07 % + + + =
 Lifetime acceptance. Samples from < 06: +++ ++++++ﬁ++++++ ++ e :
different trigger lines are used to unfold 04F ++++++ tt E
trigger biases. Simulation is used for o ; it LHCD E
selection/reconstruction biases olE E

0 E ! !
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D from B. — ]/1/) ( 9,11 u) KK Phys. Rev. Lett. 114, 041801 (2015)
S S

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

es /(0,071 ps)

 Lifetime resolution: Non-perfect time resolution
(45 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 Wy events

Candida

0 2 4 6 8
Decay time [ps]

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

performance of these taggers is calibrated with

* control samples such as B*—]/wK*, By—~D*uo and
B.—D,
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Candidates / (0.2 ps)

Candidates / 0.05

@D, from B, — J/p (Quu) KK
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Phys. Rev. Lett. 114, 041801 (2015)
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@D, from B, — J/p (Duu) nr

Phys. Rev. D 89, 092006 (2014)

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

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

« Almost no sensitivity to Al', = less sensitive to decaytime acceptance
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@, (ATLAS/CMS)

|%
ATLAS and CMS also study ~

B.—J/y ¢ —ppKK
—1
0.14} LS HFAG B
Spring 2016
CMS o
— 012 197 68% CL contours -
N \ (Alog £ =1.15)
2 10l [COF 9.6 107" o
UJ \|
[
< 0.08}
0.06 ATLAS 19.21b™
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SM prediction: ®s = -0.038+0.001)



Prospects

' Bs>J/yKK

Bs%]/LpKK + Bs%]/qmn

L(Run-II) fb™!

~ end of Run-II

. and with LHCDb upgrade the sensitivity
can go below 0.01 rad
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c .. Evidence/discovery of non-zero ¢s
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- New Physics claim in ¢s
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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
analyzing Bs - J/wK* and Bd = J/yp data

Source: google penguin pollution

N3
B—J/yp B—J/pK* .
c I . . e — f\ '
I £ AIRL, o sngec ([} T/
ex(:han:e ‘\ ‘ | /L , ¢ \_ . \/
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- "‘: ¢ ’ < II ‘ BO ) LF!‘"{".I ¢ AT
1, ’ Zu,c,t 7 N
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|
| | —
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Tmag]

1.l
1 Rela)] = 0.0

ol Tfay] = —0.073%

e C)(B® = Jjvp')
= S|(B" = J/up")

Relag] = 000751

= Co(BY — T/1p")
= Si(B' = J/p')

Results dominated by Bd

i gg gb 8i — ASP(BY = 1K) ez 39 % C.L. e ATP(BY = J/wE™)
gll= bs o LlL Hy(BY — J/yp° 0.6[le= 68% C.L. !
000 W% O, = HG(B[’ . J/%f%)‘o) w H|(B" = J/tp") ]/
o Hol By — T/ (B = R 9 l_ljp

04F o

The penguin contribution
to ¢ is measured to be
consistent with zero for all
polarization states
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s . f . 40.009 +0.004
B T e e e i R e e e 1 2 & =10,000 T50e T0 108 ved]
Re[ao] 'Re[a”]
T — sl = 0.001 79919 1+ 0.008 rad

= CL (B /0
o= 5B = I/

R o
o8l Imla,] =0.024 £0.047

65 = 0.003 *391% +0.008 rad

0.6[]

04

0.0

Tma|

—0.2f
—04f
—0.6f

—0.8}

0.2}

Nesm 39 % C.L.
— 68 % C.L.
522 90% C.L.

e AT(BY = TR
(=] HJ_(BO —+ J/T!:’po) I
| HUBY = JWE™

.\‘ \

— 7\|\||\|\\|\|\|\ Ll IR T S S N T
1'01.0 —08 =06 =04 =02 0.0 02 04

Rela,)

1=



Other CPV measurements




$?? from B; - oo

o _ . qA(Bs - ¢9)
s =YI\pAB - o)

different quantity than the ®@s I presented at the
beginning of my talk
SM expectation is (I);M’ <0.02

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

Also measured through time dependent angular

analysis. We have analysed the full Run-I dataset:
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CP-Even (Ao, A))
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CP-Odd (A} ) + S-Wave (As)

350F
= 300F
250F

200

150F
100E
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Ot
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cosl’:)l

PRD 90 (2014) 052011
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Ln
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200
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T

100F

Double S-Wave

In very good agreement with SM
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The CKM angle y

)

| V‘Ud| |Vu3 I |Vub | e—’t"r
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Measurements from "loop"
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Measurements from "tree"

(@)

Vi

T |
Eﬂ E
EPS15 ]

P

 The precision of the SM prediction is very high, 6y/y ~107 (JHEP 1401(2014)051)

» Comparison between different measurements (specially those from tree-level
decays with loop-level decays) can be used to test SM /NP

Experiment  fref | 1y sty
% PRD87(2013)05015

Belle

@ arXiv:1301.2033

m LHCBECONF-2016-001
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http://zh.wikipedia.org/wiki/File:B-logo-small.gif

CPV in B=23h

Study of CP asymmetries
across the B->3h Dalitz plane
Overall CP asymmetries are
found to be significant

Candidates/ (0.01 GeV/c%)

Phys. Rev. D 90 (2014) 112004

34 55 ;A
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u |
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1
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1
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(R
-—combinatnrial

Acp(B* — K*xtn™) = +0.025 £ 0.004 (stat
Aep(B* = Kifﬁff ) = —0.036 + 0.004 (stat
Acp(B* — n8ntn™) = +0.058 + 0.008 (stat
Acp(B* = :-riﬁ K‘) 0,123 + 0.017 (stat

A

(
(
(
(

Jhy K*

+ 0.004 (syst) + 0.007(J/a0 Ki]
+ 0.002 (syst) + 0.007
+ 0.000 (syst) & 0.007( /e Ki
+ 0.012 (syst) + 0.007(Jfp K+

On top of that, the
asymmetries in some regions
of the Dalitz plane are huge

mi._ [GaVEicY

LHCb (a)

=%

20
mg, [GeVc]

Candidates/ (0.01 GeV/c%)
=

mE'.'nun [Gevict]

= =
- =] =]

I
[

._.
1

53 53 54 55
Mg [GeVicl]

53 54 55 51
M. [GeVie?]

LHCb (c)

Lk oA b & B P B BB o=
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V ,from semilectonic A, decays Nature Physics 11 (2015) 743

form factor ratio
5% uncertainty

|M;,b|2 B B(Ag—.‘r DU V) > 15 Ger? Rpr

2 ( 0 +11—77 )
V| B(Ay) = AT p=v,) 760 on |V,
-3
1V, 1=(327%0.15,,£0.17,,,, +0.06,,,)x 10
f,rlgmg,...l...,,,.
(5] - [ Combinatorial
= 15000 F Mis-identified LHCb
Q . EMDpuv
p= - Aluv
e PDG 2014 Q12000 mmAuv 'i;ﬁj}-'
Exclusive o arXav:1501.05373 — C Nwv  wes -
- ' (RBC/UKQCD) ~ . BRpuT
(B—nlv) —a—  arXiv:1503.07820 8 OO o :=’
(FNAL/MILC) = 5 o
2 6000F
'FU -
5 3fl]'{](]:
ILLHCb arXiv:1503.01421 -
(A5>puv) R (RBCAUKQCD) .
| ' | | éJDUD 4000 5000
- - s Corrected pu mass [MeV/c?]

0.003 0.0035 0.004 0.0045 0.005

IV, | 2



Conclusions

. Different CPV measurements from different types of decays and transitions @
LHC consistent with SM expectations

.V, LHCb measurements from exclusive A, decays consistent with other
exclusive results

. Good prospects for the LHCb upgrade!
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Bone, you are
hard...

... butam
patient...

source: google osso duro

LHCP 2015 St. Petersburg 24



Penguin pollution

arXiv:0810.42438
CKM angle

Mainly two observables:

F( | Vus | ) o — ] — '.:.'f;_’;; COS &', COS Y € f—}
5 T‘I‘ EFL L5 +{'i'r-:.§
penguin stuff
{ F 2 4 . (BR A ff) *
f = polarization state Experimental input. Basically VK
(modulo lifetimes) (BR Sy )J/l//(/)
£ Z‘e;;’_.- .J}- sIn
-'-II T e i r s e el e

Direct CP asymmetry (difference of yields)
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Penguin pollution

arXiv:0810.42438
CKM angle

Mainly two observables:

F( | Vus | ) = | — '.:.'f;_’;_» COS ', COS Y 1 ;
(i‘ L 2ea s ~eQs v + {—-T
penguin stuff
o . . r il
f = polarization state Experimenta input. Basically VK
(modulo lifetimes (BR Sy )J/l//(/)

SUB)>a =a 6 =6

\ ...and plug here

Direct CP asymmetry (difference of yields)
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Penguin pollution

Mainly two observables:

penguin stuff

This other stuff are SU(3)

breaking effects which

are currently poorly

known
| AL
l—| =042+ 0.27
Wy 4240
e
R e Tl (1.4
| A
I
| A |
I = D384+ 0.U
[~ 27




Penguin pollution

Mainly two observables:

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

known

Lo |4
|0 | QA2 Ay
By 42 4

arXiv:0810.4248 : AL
| — | = L. (.29
| A
| A |2
I_ = ad 0. 16
| 1

\ i il _\ }\ 1 O

———

arXiv:0810.4248

penguin stuff

Or maybe not so poorly?

arXiv:1309.0313 [hep-ph]

1*11

n o4=+0.210

e ). 845 —0.188
L s +0.234
——— [},I\T‘:i_}._..f_i-_)_-_';x_.;:)_i
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)
CPV in charm

x10°
R
Z 12002 1M S G =
— — . SR SR Signal =
A, = N(D'=h~ht)—N(D°—h~h") < L mcomh bke
SACP = N(D'=h-ht)+N(D°—=h—h') L E
E 40F 3
- o ) o 20 3
AAcp =Acp(KTK™) —A('?;}(ET-I_?T_} 0 1850 1900
M{K K*) [MeV/c?]
. - 1 - - " B N C C"__ ~ ) i<|103| — T T ‘T _ ' T T T 7
A}l(_jp — (—H]l—l + 0.16 £ ()(]8) %j: S bOE_DO—> ot f LHCb E
2 S0F ~ D;“fi E
arxiv:1405.2797 g o O0-(/M T St
- 30 E_ [ Comb. bkg. _E
“5 E W)’ —=Kn
E 20E
Other recent studies of CPV in charm: 5

0
18300 1850 1900
M(m ) [MeV/e?]

Dy >Ksh* (arXiv: 1406.2624)
D* > m*mr ot PLB 728 (2014) 585
D> K*Kmr*r (LHCb-PAPER-2014-046)

.. all consistent for the moment with CP conservation.
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@D, from B, — J/p (Quu) KK

| 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

Apart from the wiggles, there are
other terms in the pdf that have
some sensitivity to Os:

|4 |2e~T#*[cosh (

+ sin ¢ sin(Amt)] ,

)

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

sin ¢ sin(AmtH,

—cos(d — 6|} cos ¢s sin(Amt) +sin(d — ) cos(Amt)],

AT Al
[AollA) le~Tst cos(d) — do)[cosh (Tf) — cos ¢s sinh (Tf)

+ sin &< sin(Amt)] .

. AT
|.'-h3||.—1L|c_] 3'[— cos(d) — do)sin ¢ sinh (Tf)

—cos(6) — o) cos &g sin(Amt) + sin(d) — o) cos(Amt)],

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

"AT
|As||.4||\€_r“‘![— 5'111{5" — d,) sin ¢ sinh ( ?1) - Sin(&H — &8¢) cos b sin(Amt)

+ cus(én — 84) cos(Amt)],

|As||AL e T=tsin(6, — 8s)[cosh (%0 + cos ds 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)] .
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The CKM angle y

LHCb-PAPER-2014-041

 B* -»DK?, full Run-I dataset 2 “:“ 81%

g ; 2

Measured by comparing the Dalitz plot - 0=
of the D decays between D’s from B* and j

D’s from B-.

A, (m3,m?) = A(m?%,m2) + rzget®™M A(m2,m?)

A_(m3,m?) = A(m?,m2) + rzge'®MA(m2,m?) 05 1 15 2z 25
m?2 [GeV/c¢']

The (m2,m?) Dalitz —

T T planes are binned in a Sy iy il £

400- «©) | LHCD preliminary | non-trivial way in order %:Z 2 £
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—om | toy Ll

"""" Combinatorial — l.3i

200

= ==+ Part. reco. 1,22 =1

Candidates / (10 MeV/c?)

+
-

5200 . 00 ;lrﬂll.l T2 1314 15 16 17 18 -
m2 [GeV¥cH]
m(DK") [MeV/c?] —
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The CKM angle y

A, (Mm%, m?) = A(m3,m?) + rzge!®MA(m2,m?)

A_(m%,m2)

(m2,m2) + rget@ M A(m2, m?)

r/ ke T
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Y

Iy = (62F18)°

(modulo 180°)

[GeV¥ 4

3

m=

LHCDb-PAPER-2014-041
3 LI L S 2 L L B B B
R LHCb preliminary | 5~ LHCb preliminary |
L ] i i
[ ©
2| 4 e _
L =
1_ — —
TN IR T T B | ] | TR |
2 3 1 2 3
m? [GeV?/ ] m? [GeV/ el
5[ T i
3 -
P LHCbD prelumnary
> 1.8F "N 1
2t
L L
o 16 B
uor

12 14 1.6 18

m? [GeV/ 4]

o4






