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Outline

* Highlights of results of the LHCb experiment
— Rare decays
— Measurement of y
— Charm physics
 LAL-Tsinghua project
— Quarkonium

— B, physics
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* 16 countries
* 900 members from 67 institutes
e 170 publications



LHCb detector essential features

* Optimized for B physics:

—

— Forward acceptance,

— Efficient (hardware + software) trigger for
leptonic and hadronic decay modes

— Acceptance down to O p;

— Precision vertexing and tracking

— Excellent PID

Proven excellent performances for general
purpose physics in the forward region.
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nstantaneous Luminosity

Running conditions
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 LHCb is designed to run at lower instantaneous luminosity than ATLAS or CMS:
— Tracking, PID performances degrade with pile-up (occupancy)

 pp beams displaced to reduce luminosity and moved closer to keep it constant:
— 2.710*2cm?2s1in 2011
— 4.010*2cm?.stin 2012

* Huge heavy quark cross-sections:

1011 b / fb! in acceptance

— 10%2c/fb?lin acceptance



Rare decays: B = u*w

ol
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Highly suppressed in standard model:
— FCNC (Flavour changing neutral current) t
— Helicity suppressed ~(M,,/Mp)?

Precisely predicted:
— B(B,2u*w)=(3.3520.28)x107 (surasetal, eric72

(2012) 2172]

* Should be corrected up by few percent since .
measurement is of the time-integrated branching =i h
fraction [De Bruyn, Fleischer et al., PRL 109 (2012) 041801]

— B(B*—utw)=(1.07+0.10)x101
Sensitive to New Physics: in MSSM,
BR~tan®f

Very clean signature, studied at all
hadron colliders.
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First evidence for B — u*u

B(BY — up) x 1072 B(B? = pp) x 107°

n a+1.140.3 +2.440.6 a4 4 .

LHCb 2.971-1+0-3 3.7t22toe PRL 111 101805 (2013)
+1).0 +2.1 144 1A1R04 (90

CMS 3.0T19 3.572-1 PRL 111 101804 (2013)

Combined 2.9+ 0.7 3.671°% LHCb-CONF-2013-012

CMS-PAS-BPH-13-007
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e Additional handle on New Physics through effective
lifetime of B, — w*u". Will be feasible with the

upgraded LHCDb [Buras, Fleisher et al., arXiv:1303.3820] :




b—s transitions: B® — K u*w

B® = K™u*u is a FCNC decay
proceeding only via loop and boxes

Rich phenomenology, with several AR N
observables "2 we
New Physics can appear at the same SEEEEE.
level of Standard Model processes AN
Theoretical framework via an effective

Hamiltonian:

— Wilson coefficients (C,) describing short “aG. b
distance interactions, sensitive to new  H,, =T;Vm‘/§E(CfM +AC") O,
physics =l

— Operators (O,) describing long distance
interactions

— In Standard Model, contributions from
07, Og, Oy



b—s transitions: B® — K u*w

e Rates, angular distributions and asymmetries sensitive to New

Physics
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. Large theory uncertainties in part due to Iarge contributions
from hadronic form factors

* In Standard Model, AFB changes sign at a well defined value

0o’

* First measurement of q,?, consistent with Standard Model.



Form factor independent variables in B = K™u*u

PRL 111, 191801 (2013)
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Combinations of observables provide reduced form-factor
uncertainties at low g*:

! L)i=4,5_6,8
— For example, Frases ™ Jrog

fraction [Matias et al, arXiv:1303.5794]

P’ and P’y measured by LHCb close to Standard Model predictions
(0) over full g% range

But deviation in P’ (across 24 bins, the significance drops to 2.80)

Most likely scenario: statistical fluctuation or theory uncertainties
underestimated [Jager, Camalich, JHEP 05 (2013) 043]

with F =K longitudinal polarization



y Measurement: state of the art
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* Consistent and more and more precise picture of CP
violation through CKM mechanism

* Buty still with large uncertainties, experimental
measurement’s uncertainties is ~¥15° from tree decays
(not sensitive to new physics)

* Theory uncertainty negligible



How to measure vy in tree decays

* Need two interfering paths to the same final state:
the largest interference (and CP violation effect) is
obtained when the 2 paths are of similar amplitudes.

1 K+ /T IZ D[)
_‘i:r"‘( B~ <\_

B i u D 1[*1[ k
colour favoured colour suppressed

« GLW » | D9in CP mode: D° — K*K-, D° — st

«ADS » | DY in flavour quasi-specific mode: D° = K't*/mwK*, D° = Kt/ Kt

«GGsz » | D% in three-body decays: D° — K" /K.°K*K" (ie a mixture of the two cases above,
depending on which resonance the decay goes through -- for example D° = K. p® is
a CP mode and D° — K™ wt*/K™*mv is quasi-specific)




Y results

Combine measurements [ P
— 1fb, 2011, BDK, withD 2,50 i,
— KK, 7, Kmt, K37t [PRL 712 o6l M o -
(2012) 203] : | | _
— 3fbl B—DK, with D—K " 04‘ ,,,,,,,,,,,,,, 683% ____________________ — :
[PLB 718 (2012) 43] i o
,Y=(67.|_.12)° 00 20 40 60 80 100 120 140 16;)[(1]80

Expect 7° uncertainty with
final analysis of the 3 fb!

LHCb sensitivity in 2018: 4°



Measurement of D° mixing and CPV

Very small CPV in charm mixing and in decays expected

in Standard Model: sensitive test of CKM in the charm o N DO
sector

However, mixing effects not easily calculable M @
Reconstruct D°—Kr:

— Right Sign: D™ — D% xt* — (K'wt*)wt*, 54M events in 3fb! _ 4
(Cabibbo favoured) N Kz
— Worong Sign: D™ — D zt* — (K*m)w*, 0.23M events in 3fb!
(Doubly Cabibbo suppressed (DCS), or Cabibbo favoured +
mixing)
Ratio of wrong to right sign vs time separates suppressed
decays from oscillations

N, (t 1
R(t)= Nys@) _ R, +R,y't+=(x"+y?)-1*
Ns (1) 4 AmIT, y=AT/2T
. x=Am/T,y=
Direct CP\]: DCS . x'=xcosd+ysind y'=ycosd—xsind
Interference Mixing R, ratio suppressed-to-favoured rates

Fit ratios separately for D°, DO to search for CP violation

R'-R

RR A=k




R*[107]

2l

R [10

R*—R [107]

Measurement of D° mixing and CPV
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- No direct CPV ]
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075< q/py<1 24 @ 68% CL

0 2 4 6 20 \(_0 719% /
tit

No evidence for CP violation
Best determination of mixing parameters
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Effective DO lifetime asymmetry

Study of indirect CP violation in D°® = K*K-/mt*m
from asymmetry:

Ap =

= =~ Ncp

I'+T
R L
m=\q/p\2+\p/q\2 ’ d=‘Af‘2+‘Zf‘2’ f=E__T’CP;

-1 (A'"+Ad ycosqb—xsinqb)

Ay

Ay

e

* Non zero if CP violation in mixing (A, is small)

* D flavour tagged from D* decays and time-
dependent measurement
 With 1fbl, 3M D°—K*K-and 1M D°—mtm

Ar(KTK™) = (-0.35+0.62 + 0.12) x 107°
Ar(mt77) = (0.33+1.06+0.14)x 10°°

J PRL 112 (2014) 041801
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DACP: direct CP violation in D°—K*K-, DO—rt*m

* Intriguing large difference in
CP asymmetry between
DP—K*K-and D°—xwt*mt, not
expected

* Two methods:

— Tagged D™*—DO%t* [PRL 108 (2012)
111602 and 1fb? in LHCh-CONF-2013-003]

— DP produced in semi-leptonic B
decays [pLB 723 (2013) 33, 1fb-1]
* No clear experimental and
theoretical picture
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LAL/Tsinghua collaboration

Started in 2006
Current members:

— LAL: Patrick Robbe, Marie-Helene Schune, Sergey Barsuk

— Tsinghua: Yuanning Gao, Zhenwei Yang, Yiming Li, Liupan
An

Activities, data analysis at LHCb:

— Quarkonium production

— Measurements of the B. meson

Long term exchanges:

— Jibo He, CNRS post-doc (now CERN fellow)

— Wenbin Qjian, Embassy co-tutelle PhD (now post-doc at
LAPP Annecy)

— Bo Liu, CSC grant, one year at LAL (now post-doc in
Cagliari)



Quarkonium Production

* Initially meant as first step towards B_* analyses: understand detector,
trigger, J/1 reconstruction, ....

* But developped as major part of the LHCb physics program.

* Measurement of J/1 production (prompt and from B decays), as a
function of p; and y, for 2.76 TeV, 7 TeV and 8 TeV energies.
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= E \s=7 TeV —— LHCb(20<y <45) ] = E Vs=7 TeV —e— LHCb(20<y <45)
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= 10F 3 = 10F 3
S I I
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o E = o E
10F E 10F E
1 3 1 3
10 1 PR SR RS S T N S S T R SR T | 10 1 PR MR L ) M |
0 5 10 15 20 0 5 10 15 20
P [GeV/c] N [GeV/c]

Thesis of Wenbin Qian, Eur.Phys.J.C71 (2011) 1645, one of the most cited paper of LHCb



Quarkonium Polarization

* Quarkonium production mechanisms not so clear,
test them with measurement of polarization.
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PhD Thesis of Yanxi Zhang, defended in May 2013



B

. Meson

Unique family of meson formed with 2 different heavy flavours: (bc).

It is considered as a quarkonium state, because the study of its

production properties can

give constraints for the understanding of

production mechanisms of heavy-quark states.

Study of its mass, lifetime
and constrain QCD calcula
sector.

V0 7572 7588 7565 7571 756
7600 PR s ars e — e
I 72 7365 7376 7380 I
(7550 7272 7372 7269 7276 7271]
/; 7200 F— 713 7150 7164 7266
) [ 7145 7028 7041 7045 i
= 6855 L8387 703
p— by ) h
- 6800 F 6706 6750 6768 i
% [ 6741
640[7"6 o L0 SS dpectrum ]
I 1
6000

and decay channels can be used to test
tions similar to these in the quarkonium

1 _—— B_/":ground state, only one observed so far

(1998, CDF)

1 3 3 3 3 3 3 3
SO S] p() Pl PZ Dl D2 D3 FZ F3 F-I-
S. Godfrey, PRD 70, 054017 (2004)



B. Production

P
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Typical production diagram (o..%)

Measured with the decay mode B_*—J/y =",
relative to the B* production (B*—J/1 K*)
o(B) xB(B — ] /Ym™)

o(B*) X B(B* - J/YK™)

:Rc/u =

:Rc/u — (O' 68 + 0. 1Ostat + 0. OBsyst + 0. 05lifetime)o/o

For p; <4 GeV/c and 2.5<n<4.5

The absolute BR of B_.*—J/1 xt* is not known, but
using theoretical estimates, this means

o(B.*)~o(B*)/100

LHCb: PRL 109 (2012) 232001, PhD Thesis of Bo Liu.
The analysis is repeated to obtain a different cross-section (pT and y), in an extended

collaboration with Cagliari (Giulia Manca)
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B. Decays

* Very little is known about them !
* PDG 2012 sections for B_.* and B°:
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B. Decays

* They decay through weak interaction.

* Different processes:

> cb —» W tTannihilation

> b — € transition » C — S transition
Bl - J/ylty, BY —» B2ty BY - K*°K*
B} - J/m* B} - Bm* B} - ¢K*
. b < < b Bc+ - T+VT
W+ ‘ b
7 - > — W
b < < C C
> ‘Iv+
C \ C J c
Y
annihilation modes

Spectator modes

* Proportion of the different modes is linked to the B,
lifetime (~0.4 ps): important to measure precisely its

lifetime.



B.* =B

Phys. Rev. Lett. 111 (2013) 181801

* First observation of a decay witha b
spectator quark.

* Important to know dilution due to
B.° from B_* decays in B, CP violation
measurements

* B.Yreconstructed in the J/y ¢ and D, T modes.
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B* —J/y n*and friends

* B —J/ym*is the reference decay mode
* Similar modes discovered:

- B Y(2S) 7T* (phys. Rev. D 87 (2013) 071103]

— Cabibbo suppressed counterpart, B.* — J/y K* [.. igh nergy Phys. 09 (2013) 075]

— Measured consistent with expectations
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B_* lifetime

 Measured with semi-leptonic decays [arXiv:1401.6932]

 1=5091+8112 fs, most precise measurement to date, with
uncertainty half of the previous average

* Measurement ongoing with B, = J/1 nt* decays (smaller
systematic uncertainty)
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Other B_* measurements in LHCb

* | showed only the measurements where we were
involved but others were done with LHCb data:
— Observation of B_.* = J/aip K*K'rt* [arXiv:1309.0587]
— Observation of B_.* — J/P vt vt vt [arivi1404.0287)
— Observation of B.* = J/y D .")* [phys. Rev. D 87 (2013) 112012]
— Mass measurement with B.* = J/ap ot and J/y D.*
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Future of our project

Precise production cross-section: in collaboration with Cagliari

(G. Manca), with 3fb™* of data
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in the charmonium sector
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No absolute branching fraction is known yet: measure as
many modes as possible to constrain them:
— In particular, annihilation modes, like B.* = ¢ K*

— Triply charmed decays, like B.* — J/ip D° K*



Conclusions

 LHCb searching for indirect evidence of New Physics through
precision measurements, excellent results, but no sign of

deviation from Standard Model
* LAL/Tsinghua collaboration involved in many of the B_ results

from LHCb
 Upgrade of the experiment will increase a lot the statistics
available
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