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The LHCb collaboration
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~ ~900 scientists from 64 institutions in 16
countries.
Runnlng since 2010 > 175 papers.




The LHCb collaboration
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Wide variety of topics:
. - Rare B decays
- CP violation
~+ Charm physics
. - Spectroscopy




The LHCb detector [2008 JINST 3 S08005]
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Searching for New Physics

Indirect way: higher energy particles can appear virtually in

quantum loops. b u
So far, no evidence of NP found from direct NH o o
searches ~TeV. R

4 W_

High-precision SM tests in flavour physics give
constraints on scale of NP, > TeV. :
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Luminosity levelling

LHCDb Integrated Luminosity pp collisions 2010-2012

Instantaneous Luminosity Updated: 11:25:28 ) = 7 H : i
1000 = = . Delivered in 2012 (4 TeV): 2.209 /b :
= T 2 +  Recorded in 2012 (4 TeV): 2.082 ffb |-
g é i =5 Recorded in 2011 (3.5 TeV): 1.107 /fb i i i
réw 800 - g 8 :_ Roiardedin 2010[35Ta\"} nnaam: e T el O L B S
- —
o '8 1.5_— : : :
2 600+ B uEs 012 (Zfb @8T€V)
= g L 17/ o A
Z o0l E 1_2_ 01 1 (1fb @7TeV) y.
|E : E i : 1
S 200- F‘—B—_'T{ 08F-
wd - =
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Lol T 0

PTG T o | T N N I T
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LHCD is designed to run at lower luminosities that ATLAS/CMS.
- LHCD tracking / PID very sensitive to pile-up
LHC pp beams are displaced to reduce instantaneuos luminosity —

stable running conditions.

(L)a011 ~ 2.7 x 1082em—2s—1 ~ Beauty = ~75 Ub [PLB 694 (2010) 209-216]
(L)2012 ~ 4.0 x 1032em 2571 Charm — ~1419 pyb [Nucl. Phys. B 871 (2013) 1-20]
Tau = ~80 pb [PLB 724 (2013) 36-45]
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Rare B decays
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( Very rare decays: B, ='W
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Candidates / (44 MeV/c?)
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o Requlres FCNC transition, an helicity suppressed by (m /m )2
16F ' : :

BBY = utpu™) =

LHCb E [PRL 08 (2013) 117]
BDT>0.7
3 b 1 |BBY— ptu™) = (2.9} i(stat) 23 (syst)) X 1072,
_: —
E BB — putp) = (3.7 3 (stat) TS(syst)) x 10710
H’l l l 1 |B(B° = utpu) < 7.4 x 10710 at 95% CL
My [MeV/c?]
In good agreement within uncertainties with the SM predictions.
(3.56 £0.30) x 107" [Eur. Phys. J C72 (2012) 2172]
B(BD s utpT) = (1.07 £ 0.05) x 10—10 [PRL 109 (2012) 041801]
Highlights from LHCb. Ricardo Vazquez Gomez
e

40

20



Constraints on BSM models

[arXiv:1012.3893]
2.0

15 | MSSM-LL

10° x BR(Bg — ptp™)

10° x BR(Bs — putp™)
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Constraints on BSM models
* Strong constraints on the phase-space of NP models!
[arXiv:1012.3893]
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10° x BR(Bs — putp™)
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( B, S—>p+u‘ combination with CMS
» Combination with CMS results for B L MM [PRL 111 (2013) 101804]

- Taking into account the common sources of uncertainties, the
combined limits are

B(BE —ptpT) = (29£0.7) x 107 > 50 [LHCb-CONF-2013-012,

0 — 9~ +1.6 1 n—10 _ _ -13-
B(B" = ptp™) = (3.6716) x 10710, < 3¢ CMSPAS-BPH-13-007]
LHCb 3fb ' |- LHCb 3fb ' |- |
I sMm i sm
CMS 256 |- CMS 25 |-
l CMSLHCh | CM}S+LHCP B
o1 2z 3 4 5 6 7 o123 4 5 6 7
B(B!— ) [10°7] B(B"— ) [107]

LHCb will now focus on measuring the ratio BR(B d—)p.*p')/ BR(BS—>p.+p.')
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E Other very rare decays: K =Ll D>

° ! . x 10°
FCNC suppressed in the SM: S Fr ~JHER 0T (3013} 090G
B._(K-pp)=(5.0+1.5)x10" > Sof . S S

SM ; = - reconstructed ase

+ - 9 — F Ix’g — _u""_u_ . Kg e E
« B(K-p'u)<11x10" @90% C.L. 7 af A . E
| * x30 better limit than previous result. 2 » e LM . :
ST T)| S A 3
[:: s ﬁi \ .

46() 480 Sﬁﬂl 520 540
° FCNC, large GIM Suppression due to Invariant mass [MeV/¢?]

. S SR
absence of high-mass d-type quark g SE PLB 725 (2"3'13,1 15-243
.. . > 3 _ LHCb 3
and helicity suppression. > 1t
| -+ B (D’->p'u)<~6x10™" i + H’
¢ B(DO_)“'-'—“'_) <6°2X1O-9 @90% C'L’ o e . mis-id bﬂ;ckﬂ;rounﬂ:
0 5'.'-"'7'--7.f.'."._'."¢ L :"v- I D R
. . . 1800 1850 1900 1950 2{}{}{}
» x20 better limit than previous result. Moy MeVic
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FNCN b-ssll transition: B® » K& p

» Rich system of observables sensitive to NP.

» Angular distribution depends on 3 angles, 12 coefficients that
encode the contributions from NP (Wilson coefficients).

1 ‘T B
dl'/dg* dcosf,dcosfydddqg’

9 3 2 2 1 .
7 [Z{l — F;)sin“fg + Fpcos“fg + E{l — F;)sin“@ g cos26;
W

— Frcos*0g cos20; + S;sin®fgsin®@; cos2 ¢ + S, sin26 sin26; cosg
+ S5 sin28g sinf; cosd + Sesin*@g cosfy + S5 sin28g sinf, sing

+ Sg sin26 sin26; sing + Sysin@ gsin® 6, sian’}],

Highlights from LHCb. Ricardo Vazquez Gomez 13




y

|
|

BO

e l—— — —

— K'u'u” angular analysis e 1308 co13) 1311

Differential BR and forward-backward asymmetry as a function of
di-muon invariant mass.

Large theory uncertainties from hadronic form factors.

Theory EEBinned Theory EEEBinned
—e—| HCb —&-LHCb
{\'_I_| 1.5 L L L L I L L L L I L L L L I L L E 1_ T T T T I I T T I T T T T ]
> 7 < - ]
3 LHCb C LHCb :
Y 0.5 —
2y B e # i
x - -
P:g ':'_ I T
< + ——r— :
% 0.5 l B ]
g -D.E_— -
A A A A - C L 1 L 1 | L L L L | 1 L 1 L 1 1 1 1 L 7
0{] 15 1I'.'I 5 10 15 )

q? [Gevzfc“] F [GeV fc‘]

In SM, A_ changes sign at a well defined point q *=[3.9-4.4] GeV”

First measurement of A_ consistent with SM q *=4.9+0.9 GeV”
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B? -» K'uu” form-factor independent observables

» Combinations of obervables with reduced form factor dependency at
low @* proposed [JHEP 1305 (2013) 137]
Sj=4.ﬁ.'.".3
VFEL(1—F;)
* Repeat the analysis using the new basis [PRL 111 (2013) 191801]

 New variables are P_,s.x =

LY L S e S B S 1
0.8 0.8

0.6 — 0.6 |-
- — 0.4 F
- — 0.2

0.4 —4- Data

0.2 + =
EL? 0 + ................ —_— “n:-e 0l

0.2} + -] 02

0.4 ‘ — 0.4 |-
-0.6 - '—+—' — 0.6 -

-0.8 -0.8

) S B I R ..
0 5 10 15 20 0

q2 [GeV¥/cY] q? [GeV¥cY]

. P ; and P'8 are compatible with SM (close to zero). Significance of

2.80 across the 24 bins.
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B’ -» K'u'u” “anomaly” interpretation

- Can be explained by a negative NP contribution to the C, Wilson

coefficient, namely C9 = C9(SM)-1.5 [PRD 88 (2013) 074002,
arXiv:1310.2478, arXiv:1308.1501]

It can be due to the presence of Z' contribution [arXiv:1308.1959,
arXiv:1310.1082, arXiv:1309.2466]

It can be due to the the presence of exotic scalars [arXiv:1310.1937]

- Statistical fluctuation or underestimated theory uncertainties [JHEP
05 (2013) 043]

I * Need to wait until the updated analysis (~summer) with the full
dataset to shed some light.

- Also complement with other analysis B =@up, B*=K"up

Highlights from LHCb. Ricardo Vazquez Gomez
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( b—sy FCNC: photon polarisation amxiv:1402.6ss2;

» yfrom B decays is left-handed, NP can modify it [PRL 79 (1997) 185,
PRD 66 (2002) 054008, JHEP 12 (2013) 102]

—~ [¢] .'J
. . pz —:'i
* Measure the photon polarisation from 3-body ... .>J 2
decay of K : B»K y; K —»K'm'mr P
res res res ‘:‘) |

T
» Count the number of photons above of below the plane defined by
the hadrons.

~ EED[‘( o
= {1 (1 ¢} Prelimanry
E 2001~ b K1(1400)
1t : I K3(1430
Huge superposition of % 1}  f H}H 3 (1430)
interfering resonances . +.q1+ *H‘ K2(1580), 1770}
[} 2,
@ | ;- HH'HH“H qmgl'ranj
OF HETRA +++-+

#Eackgrc- und subtracted

1200 1400 1600 1800
M(Kzr) [MeV/c?]
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( b—sy FCNC: photon polarisation amxiv:1402.6ss2;

* Perform the analysis in 4 independent bins of 3-body mass: [1.1-
1.3],[1.3-1.4],[1.4-1.6] and [1.6-1.9] GeV.

T e N e o e B
1saE [ Preliminary

Significance of A  been different

— Preliminary

w
-
B
2Emy
LY

LN 1. TET 1)

esd 1 S MeiA )

from zero

did
2

[1.1,1.3] [1.3,1.4] [1.4,1.6] [1.6,1.9]

e 6.3x1.7 54+£20 43+£19 —46+1.8
co  31.6+£2.2 27.0£2.6 43.1+£2.3 28.0+2.3
cg —2.1£26 2.0x3.1 —52+28 —0.6£2.7
cy 3.0£3.0 6.8=£3.6 B8.1+£3.1 —6.2+3.2

A, 6.9+£1.7 49420 5.6+1.8 —4.5£1.9

T
Preliminary

ER Y A

anidichie

Canddaies 1 50 MeVet)

4 independent experiments with
results distributed as a X* variable
with p-value 1.7x107

This translates into 5.20 significance

for the photon to be polarised.
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CKM vy angle
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vy state of the art

1.5

T T T T | T T T T l T T T "-Iﬁ'u, T [ 0 ,} T LI I T T T 71
"~ | excluded area has CL = 0.95 : {,35;'\ ) N
] : %\'\ :
1.0 —
0.5 —
i
= 00— fH b = e
- O
05 —
1.0
s CKM - | Y
= w0 sol wicas <0
- Winter 12 ! {excl. al l;i‘?o.gsi -

* Vis the least well

» Tree-level decays < SM benchmark since no NP contributions!

-0.5 0.0 1.0 1.5 2.0

0.5
p

measured angle
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( Measurement of y from B*—DK*

- Same D/D final states. /DUK i\

— Sensitivity to y via interference f KT

rpe’®s /

+
* 3 methods (no flavour tagging needed): D K

— Atwood Dunietz Sony: common flavour states, e.g. KT, Kot

* Lower rate, higher interference [PLB 723 (2013) 44, PLB
712 (2012) 203]

- Gronau London Wyler: CP eigenstates, e.g. KK, 10t

* Large rate, small interference [PLB 712 (2012) 203]

- Giri Grossmas Soffer Zupan: self-conjugate, e.g. K hh

» Requires Dalitz analysis [PLB 718 (2012) 43]

Highlights from LHCb. Ricardo Vazquez Gomez 21
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W o e SIS e —
Measurement of y. LHCb combination

« B*—>D"K” results are combined into a single confidence interval.
[LHCb-CONF-2013-006]

— B L L B L — ]-_"""""""""""'I"'I"'
S LHChb 1 <@ ¢ LHCb
— 08 Preliminary — _| L 0.8 Preliminary  _ |
06k ADS/GLW 1fb7  g4f ]
i GGSZ 3fb* - i
0.4 | - 0.4 F -
0.2 F 1 ozf g
[ % {') ] [ c)
0 , T e T E——— D"' A P I
0 20 40 BD 80 100 120 140 ]6{] 180 0 20 40 60 80 100 120 140 160 180
Y [°] Y 1°]

» Single best measurement in agreement with B-factories.

- Work to combine B*, B_tree decays. Expected accuracy ~7° with

run-I data.
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CP violation in B system
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W e T I - —
Direct CPV in 2-body B decays

. . BY 7 0
- B mode, first observation P(B) =) -T(B = 1)

Acp = —
i ) r(Be,) — ) + r(BY, — f) ‘
40005— LHCb — — — — o el i . ]
' - @ = _mmeoc - After correcting for production
E . Bk and detection asymmetries
—~ 2000F E R g o
R - 2 0, Ko — — + . + 3 (svs
S ol —-\J Acp(B®— K™ 7r7) = —0.080 + 0.007 (stat) * 0.003 (syst)
g gl - *J e 10.50 significance
E ol © - @
E F ’ Acp(BY — K~ ™) = 0.27 = 0.04 (stat) = 0.01 (syst)
o e 6.50 significance
100 -
. . 9 [PRL 110 (2013) 221601]

0 R A N " e I e N ™ h ol
5 51 52 53 54 55 56 57 51 52 53 54 55 56 57 58
K7~ invariant mass [GeV/c?] K7+ invariant mass [GeV/c?]

Acp(B'— K™ 77) fB[BE?_'K_’“ﬁ)T""—[] A

In SM, A= = —0.02 £0.05 = 0.04

+
Acp(BP—= K 77) BB'—K 7)),
[PLB 621 (2005) 126]
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Large direct CP violation in 3-body B decays

» Source of strong phase difference in 2-b decays, not well understood

* Inclusive measurement (across the Dalitz plane) [PRL 111 (2013) 101801]
Acp(BE = KEKTK™) = —0.043 £ 0.009 (stat) + 0.003 (syst) £ 0.007 (J/0K%)  3.70

Acp(B* = K=ntn7) = 0.032 £ 0.008 (stat) £ 0.004 (syst) & 0.007 (J /7 KF) 2.80
Unexpected local asymmetry observed (>50%) with opposite sign at
low m® and m” . Not associated with any ressonance.

Compound CP violation [PRD 71 (2005) 014030] or interference between
intermediate states?
40 40 € ek ' ' g 0.5
3 ﬂ;{;ﬁmé— g —Iﬂ‘i
- ! 2 0.3

35

30 E
jHo0.2

0.1

1 15 3 15 -.{}

2]
.FIKK - [GeV¥ed)

LF%.’-"?'?‘:“&L

)

=

~ 25
L

=

20

—-0.1
-0.2

' coopooLoeo
ESS = d e =l O o= 00

B *
alaa sty oy s leaaalaaag
TN [ 0077 [ [
| | 1 :I::g 1 |
e
‘ .
i

B-Krut !
25

':-3 10 1'7*141@1:-32[:-2'Tr
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===
Large direct CP violation in 3-body B decays

» Similar analysis with other 3-body decays. [PRL 112 (2014) 011801]

Acp(BT — n&ntn™) = 0.117 £ 0.021(stat) £ 0.009(syst) + 0.007(J /¢ KT) 4.90

Acp(B* — 7t K*TK~) = —0.1410.040(stat)£0.018(syst)£0.007(J/»K*)  3.20

Unexpected local asymmetry observed (>50%) with opposite sign at
low m® and m® . Not associated with any ressonance.

Compound CP violation [PRD 71 (2005) 014030] or interference between
intermediate states?

o
=
T

Candidates/(0. 10 Gev3ich)
[
s 852

" 725
m [GeV¥ed]

[GeVZieH

[ 2
m,_ . [GeVict] 0

=

(=)

2

K
n

B—-KKT1

2 AV 21 a4
Mo high [GeV/cd

B-1umt

1 P SR TR TR [ TR S S 1 M T
5 10 15 20
M2 o [GEV A m2. 1GeV/cd]

T low
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( Large direct CP violation in 3-body B decays

» Check in B*—»ppK", same short distance dynamics.

- hhepp rescattering suppressed. [PRD 88 (2013) 052015]

Acp = —0.022 £ 0.031(stat) £ 0.007(syst) Compatible with 0

No significance asymmetry in any bin of the Dalitz plot!!
Different long-range behaviour in B = hhh and B = pph

0125 = L] I L] L] L] L] I L] L] L] L] I L] 0125 : L] L] L] I L] L] L] L] I L] L] L] L] I L] L] L] L]
0.2 LHCb = 0.2 LHCb
0.15F = 0.15F
0.1 5 01 .
= HiH E ]
. 0.05 é_ 'I — . 0.05 E_ Py : :
{0 0 - py . e :E.l 0 . - i
i -0.05 - - -0.05 - ——
0.1 - - 01F
015 | - 015F :
02F ~ 02F ]
'D.ES '-I 1 1 1 1 1 1 1 1 1 L 1 | _D-25 - 1 1 1 | 1 1 1 L | 1 L 1 1 1 1 L 1 1
2 3 4 5 5 10 15 20
m [GeV/c?] mg, [(GeV/c?)]
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B mixing: oscillation frequency

B, - ES mixing highly sensitive to NP
On average, Bs changes flavour 9 times @ @
between production and decay — measure

the oscillation frequency is challenging. B! B

Excellent time resolution 44fs << 350fs, B_oscillation period.

Use BS—>DS‘1T+, to tag flavour at decay

- Flavour is given by charge of final state particles

Tagging identifies flavour at production
E'____,.—---""'—'_ij}‘B? Same slde

51 o+ kaon tagger
K

— Opposite side (2.6+0.4)%

—, T/
. ¢
-~ Same side (1.2+0.3)% Same side oy -
proton el Signal 3] proton
> —<
Opposite side Oppostte B .-""\__\ ;‘zﬁ; ;flﬂsrl?: L:igezng
“"-n_\_ ’,‘: K~
Highlights from LHCb. Ri N g (aon Q00"

lepton taggers .
from b=guark (g, € )
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( B mixing: oscillation frequency

7 i ‘ o Tagged mixed Use BS—>DS_T[+
; - % : d, o Tagged unmixed with:
‘; 400 NSy E 9 — Fit mixed
% i " s Fit unmixed DS__’(PT[_
= | D "—K*0K"
- S
= 200F DS"—>K_K+T[_
! | D =K
- D ->mm
0 | | | | | | | | | | | ! | | ! | ! | S
0 l 2 3 4
decay time [ps]

[New J Phys. 15 (2013) 053201]

Amg=17.768 £ 0.023 (stat) = 0.006 (syst) ps~

Most precise results to date with 1fb™ . Key in time dependent CPV
Highlights from LHCb. Ricardo Vazquez Gomez
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B° mixing: using B’

>D 1T, B=J/ YK

E‘\ B T LII-ICIb T I T T T I
2 04F g0 p o A (t) = N(unmixed) — N(mixed) o cos(Amgt)
- —_— : IMNi1x - . -
g . combined E N(unmixed) + N{mixed) cosh(AT'gt/2)
o3 =L i
g \ :
ﬁ U _ J. _1 | T | T | T T
i C ] ALEPH 0.446 + 0,026 + 0019 ps*
| 02 ] (3 analyszes} H_._H ¥
C ] DELPHI * . 0.519 + 0,018 + 0011 ps™*
1 04 L - (5 analyses) B
| — — -1
“F [PLB 719 (2013) 318] : 0.4 £0028 0038
1 1 1 1 I 1 1 1 1 I 1 1 1 1 I _]_
5 ) 10 T 5 ngll;ge];} }_,_._,_| 0.479 + 0,018 + 0015 ps
B decay time t [ps] 0.495 + 0,033 + 0027 ps*
:}_‘ T T T T I T T T T I T T T T I
= T LHCbH _ ] D0 d 0.506 + 0,020 + 0016 ps*
2 04 4B,y K” - (133:;13;;53 0.506 + 0.006 + 0.004 ps™
E« B — combined ] (4 analyses) H Eat |
= 021 ] 0.509 £ 0,004 + 0,005 ps™*
= —— LHCh 0.515 £ 0,005 £ 0.003
2 Or s A ] (2 amalyses) I "
I 02k + 4 ;Aﬁi::a ?Ot;::[]mig H 0.510 + 0,004 ps™
L . justmen
N ] CLEO+ARGUS . 0.498 £ 0,032 ps”
-0.4 _— — (%4 mes.su-;'ements} B
B L | -1
5 ) 10 15 11\5:;):1}!:]]:.;1&912'3 g H 0.510 £ 0,004 pe
B” decay ume ¢ [ps Y,
cay ume ¢ [ps] 04 045 05 055
-1 ‘EIF_'AG average 1
Amg=0.5156 = 0.0051 (stat.) &= 0.0033 (syst.) ps without adjustorets Am, (ps )
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( CP violation in B mixing

: lation ; . I Lenz + Nierste, 2011
CP violation in mixing is very sma ad (BO) = (—4.1 % 0.6) x 10—

a% (B?) = (+1.9£0.3) x 105

a_: CP asymmetry in flavour specific (semileptonic) decays.

Final state: Ds+u'GX and D "p'vX

Experimentally, measure time integrated asymmetry

Ameasured F[Ds_au*—l_] B F[Ds—l_au*_] _ a‘:] + lay - 3‘:]] fe—FSt CDS(/—\Iﬂst)E(t)dt
oF [[Dspt]+I[DSp-] 2 P|" 2] [eTst cosh(AT./2t)e(t)dt

The fast B_oscillation dilutes the integral ratio to ~0.2%

Use the LHCD result: Amg = 17.768 4 0.023 (stat) 4+ 0.006 (syst) ps~’

a_is the B_production asymmetry ~10™
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CP violation in B o mixing

- Result based on 1fb™ of data:‘ a = [-0.06%0.50(stat) =0.36(syst)]%

» ~30 tension of DO result not confirmed or excluded by LHCb

[PLB 728C (2014) 607]

1 T il v LUK L a
1 i e b st pet st ol st obiks

B LHCb
il Do
= Du ; ]
004 < Y(4S)HFAG iR
. DO S .
I T SRR . - — M
0.04 0.02 0 0.02
ad
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( CP violation in B, mixing/ decay

Gmix = 2arg(VisV) Pdec = arg(VesV7)
c
b Vi t Vis s J /1

[

By W— Wt Bs BE

violating phase.

» Use a final CP-eigenstate.

 Contributions from NP in the penguin diagram.

Highlights from LHCb. Ricardo Vazquez Gomez
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@dec

@m\ / ‘;f)d ec

r(BY—=f)4+0(B2— 1)

Ven
W= v
: " - 5 s r(B5)—r(BY = f)
§ Vi 7 Vie b ” Acp(t) = —=p
. . )

= Dny sin ¢ ¢ sin(Amt)

Use the intereference between mixing and decay to measure CP-
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W e S — S— — —
SiHZB USng B® - J/l.|JKS [PLB 721 (2013) 24-31]

* ~8200 signal candidates in 1fb™

* From the time dependent CP asymmetry

' Acp(t) = BO—f =t — g in(Amt) + C (Amt)
= S11 I COS 1m
CP o 1 T f 3/ K2 J/ap K

04 —— -
s : sin(2p) = sin(2¢,) A2
o 03 LHCb 3 BaBar PRELIMINARY
u )] 0 o BaBa ' ;
g 02F B — .ffl,i/KS = _‘ PRD 79 (2009):072008 b : 0690032001
E‘ o1 3 . Egg%rox&%ogq)j 2001 0.69 £ 0.52 + 0.04 £ 0.07
T E BaBar Jhy (hadronic) K ; 56+£0.42 0.
E 0 Belle PRD 89 (2%4)?05{23&')?) S : h——a—Lp0 £ 0.4220.21
=T = Bell f : ; .67 £0.02 £ 0.
75 s = r—- PSL%08(2012}171802 "o 067720022001
-0.1F = ALEPH .5 L . 0847016
. = PLB 492, 259 (2000) : > ‘
02 - OPAL : : L 3.20 180 + 0,50,
- 3 EPJ C5, 379 (1998) !

e = CDF : : : 79704
0.3 = - LHCb PRD 61, 072005 (2000) i ‘T * ' 0-79"%.
o4~ . = LHCb : E | I 0.73 +0.07 + 0.04

- 5 10 == | HiCb-PAPER-£012-035 :

Belle5S : : 5 57 +0.58 0.
t [ps] PAL 108 (2012) 171801 T 0.07=0.5820.00
*SJ/@. KD = 0.73+0.07+0.04 f\tgﬁgﬂge | O,GBiU.IUQ
-2 -1 0 1 2 3
C ypp g = 0.03£0.0940.01
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( Measurement of @

+ ®gis small in SM (PSM = —=2.1+0.1)° [arXiv:1203.0238] .. — " (7™ |
- Combine fit of B »Jy@and B »JYrt'T = A
¢, = 0.01 = 0.07(stat) = 0.01(syst) rad, i
I', = 0.661 = 0.004(stat) = 0.006(syst) ps~!, [PRD 87 (2013) 112010]
AT’y = 0.106 = 0.011(stat) = 0.007(syst) ps~ .
LHCb 1.0fb~" + CDF 96fb '+ D@ 81~ + ATLAS 491b~
S 0RFTT T e T
L - DG HFAG B : :
B 400k E Sign of Al establish
- L 68% CL contours . S .
~ | . (Alg£=115)1  Heavier meson lives longer
! <] 015 \ LHCb ]
0.10f- “;,4:1:'"':_:,'ﬁj_ggmbined 54 NP contributions to B_
00sf \COF oM i 3 mixing is limited to <30%
- Seee e . [arXiv:1203.0238]
o v v b e v b e b v b ey
s 10 05 0.0 0.5 1015 lo Vazquez Gomez 35
$5% [rad]
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b-baryon physics
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/\b lifetime measurement parxiv:1402.6242]

. Tﬁ
« HOQE: j = 0.98 + O(1/m3)

» Test of HQE: use for inclusive
predictionof V and V

« Update with full dataset 3fb™

 Normalise to B’=J/K™

! T T ' 1

12F -
PDG avg done for [ —
measurements L
below blue A o e
dashed line only i

o —

1k

2 L

U-, ] ' R |

.
LHCb (2014) [Jhkpa]
LHCb (013) [JiypK]

M8 (2012) [JwA]
ATLAS (2012) [JAgA]

DO (2012) [HwA]

CDF (2011) [ThgA]

CDF (2010) [Adw]

DO 2007) [TyA]

D0 (2007) [Semileptonic decay]
DLPH (1999) [Semilepronic decay]
ALEP (1998} [Semuleptomc decay]

OPAL (1998) [Semileptonic decay]

CDF (1996) [Senuleptome decay]

l
E (a) LHCb
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A . [ e\ i
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10° | A i
C ~ r' [ - 1 -
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|
Ffi,.-"".
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i
|
J
4
1
L
1
|
i
1 ||||||||

—

P

-
|

5500 5&{}(} 5?[}(1
m(JAppK) [MeV]

—t =0.974 = 0.006 = 0.004

Good agreement with HQE prediction
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Charm physics
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#

. D° mixing and CPV

* Expect small CPV in charm mixing and decays — sensitive null test of

CKM.

production.

- Mixing dominated by long-distance effects not easy to compute.

» Classify as right-sign or wrong-sign D" — D°(Kmrt* using flavour at

- RS: Cabibbo Favoured D"+ - D°(K™mt")mt* (54M candidates)
- WS: DCS, mixing+CF D" - D°(K*1t) " (0.23M candidates)

* WS/RS vs time separates suppressed decay from oscillation

— Nus(?)
I R(t) = N

~ Rp +VRpy't + 1 (2" + y'?)t?

Direct CPV, DCS

) I ——

/ /

Interference Mixing

- Fit D° / D° separately to search for CPV

Highlights from LHCb. Ricardo Vazquez Gomez
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o —p— e ge— S——
:[)O IIli}(iIlgg ElIlCl CPV [PRL 111 (2013) 251801]

]o [ T T T I T T T T I T T T T I T T T T I T T 1 T T T I T T T T | T T T T I T T T T | T T 1 T T T T T T T T T T T I T T T T I T T ]
[ LHCb (a) CPV allowed I (b) No direct CPV I i (c) No CPV ] ‘
sk T I ]

6_

e 99.7% CL

) S B o
E "R A NN
M \\ A ~-"
= (a) R AN N,
) ) ~ N ~ .'t“ - ‘—’ﬂ-’
- 7 = <‘_::".,‘,:.‘-
L LHCb . ) [ == D"68.3% CL - T == 06839 CL T ==955%CL ._':.»:' "..' ]
n - [ == D"68.3% CL T == D"68.3% CL T =—683%CL i
: : 0_|||||||||||||||||||||__|||||||||||||||||||||“|||||||||||||||||||||_
- . -0.1 0 0.1 0.2 -0.1 0 0.1 0.2 -0.1 0 0.1 0.2
y" E 2 [107]

- @ ]

T No evidence of CP violation when studying

RY[107]
n

-t ] D° / D° separatel
2 5 — CPV allowed / p y
e [ $ —-- No direct CPV

e e m (55i49)><1|:r-5
y' = (4.8+£1.0) x 1073

; (c)
f‘:O.Z:— [ { | —: R+—R_
= 1l t e 5 = D D — (—
THARE : lg/p| = 1.00 £ 0.25
.
& Best determination of mixing parameters with 3fb™
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Exotica, QCD and EW physics
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Exotic spectroscopy. X(3872)  pre110 (2013) 2220011

What is the nature of this state (tetra-quark or DD* molecule, or...?)
Must be C = +, since X(3872)—J/yy has been observed by Belle.

CDF previosuly rules out all J** except 1** and 27

From 5D angular fit. J**= 1*7

established at 8.40 significance.

B"—-X(3872)K", X(3872)-J/YTrTT . :
Favours exotic interpretation.

— T . 107 gEr—r——r———r——r—r—r—r— T
< 1200 - | = LHCDb
D - 2 q0°
= R —
o 1000 [~ . e Simulated J7°=2"* Simulated J™=1**
3 a0 £
& - L
S 5
L= - —
2 600 5
[&] = | -
S 400 é
m -1
0D - =
E - =
5 200 —

ok 1 (S R SR .|....|...t|§........|'...
600 800 1000 1200 1400 b 200 -100 0 100 200
M{}’l—'"}"f;.lf."l!p’} = M{Jf‘llﬁf} [MBV] } ¢ t= ‘2 In[ L(2-+}“[_(1++} ]




QCD and EW measurements

 LHCD tests low Bjorken x — high Q° previosuly unexplored.
» Comparison possible in overlap regions with ATLAS/CMS

10°f E— 140
[ - I M
2 120F e
e e
100 ﬁﬁ
w0k 80— ——
; 6{]:— —5—
10’ - L(F
40:_ . LHCb 2010, Z— pp extrapolated
g Eo© LHCb 2011, Z— ee extrapolated a5
B gt 20w ATLAS 2010, Z— py, Z— ee —
% D_ll||||||||||||||||||||||||||||||||||||||—n"‘.4-u|
0 0.5 1 1.5 2 2.5 3 35 4 4.5
10" y(Z)
. T 700F
10 =t -
_'ﬁ_ 60054—-—'1*’_"':‘_' ‘iﬁ.pq_.rﬁ—ia]
10" B =
500
wul C o —}—
10 10° 400F- o
- '-D-'—D—‘_D_.'_D_'
300 ; ——
- e LHCD 2010, W' — uv extrapolated 2
2005_ & LHCD2010, W uv extrapolated .
. 100Fm®=  ATLAS 2010, W'— uv ——
Good agreement as a function of y o mmmmowon o
0 0.5 1 1.5 2 2.5 3 35 4 45
[LHCb-CONF-2013-005] N
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. QCD and EW measurements: Z+jets

» Z + jets production cross-section measured. Test of jet capabilities in
LHCDb. [JHEP 01 (2014) 033]

E.'Ll

0.95

0.90

0.80

0.75

) I ——

0.85

= 1.007r

-
{’5 Sevy LHCb
—

I 0.70 bt

C T rrrrfrrrrrrrq g
C ‘ . e :
C_ —— + —
. - .
C --- .
. *  Jet efficiency 3
E LHCb simulation E
T 2< <45
| s 1 2 3 2 1 3 3 3 1 2 3 3 1 43 93 1 :

20 40 60 80 100 120

pit [GeV]

 Sensitive to the gluon content of the proton.

10_] T T T T T T T Y
Data (stat.)
Diata (tot.)

so p510Gev  POWHEG +PYTHIA:
+  MSTWOS, O(at,)
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f’iﬁk 1072 #-:T:?Te\" Data « MSTWOS, O(cd)
=) i v CTEQI0, O(c)
—|b o NNPDF 2.3, O(c)
.i*'c
107
P
10 t
..I...I.I.I...I...I...I'ﬂ..l.
20 40 60 80 100 120 140
p* [GeV]
. 2 T .
Good agreement with O(a*) calculations
e e
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Summary

» LHCb provides a unique laboratory for the precision study of heavy
flavour.

- But not only that. LHCD is emerging as a general purpose, high
resolution spectrometer in the forward direction.

«  Many results and world best measurements with the first 3fb™ of
data.

* The SM is still healthy. No excepcional signs of NP spotted, but few
anomalies appear.

»  Expect new results to appear in the near future (e.g. Moriond EW
and QCD)
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