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| Outline

= The LHCb detector and running conditions
m Selected physics highlights

Focus on current measurements from LHCb:
based on 1 fb-1 (2011) and 3 fb1 (2011&12)
pp collision data at 7&8 TeV CM energy.

e Parameters of the CKM matrix
* Rare B decays

« Studies of CPV in the B, system
« Mixing and CP violation in charm

= Summary and Outlook
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LHCb- forward spectrometer E

s Forward-peaked production — LHCb is a forward
spectrometer (operating in LHC collider mode)

m bb cross-section = 284 + 53 ub at Vs = 7 TeV
[PLB 694 209]

— ~ 100,000 bb pairs produced/second (104 x B
factories)
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A fish-eye view
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What the doomsayers said pre-2009

* "Hadron colliders are too dirty an
environment for flavour-physics”

« "Impossible to trigger efficiently on
non-leptonic final states”

« "It will take a long time to understand
detector performance, and so physics
output will take years to emerge”
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‘Bu‘l' if anyone was still left in any doubt-...
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ILHCb data taking

= Nominal luminosity = 2 x 1032 cm? s : however, LHCb has learned to
run at >2 times this.

m Continuous (automatic) adjustment of offset of colliding beams allows
luminosity to be /evelled

« 37 pb! collected in 2010
«1fb1in 2011

°>2 fb recorded in 2012 LHCDb Integrated Luminosity
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ILHCb 2012 data-taking in numbers |

Quantity ________|Unit ____|TDR 2011 (2012 | 2012/TDR _
Peak Luminosity ub1/s 280 400 400 142%
Average Luminosity ub/s 200 265 390 195%
Seconds of running t 107s 1 046 0.63 63%
Integrated lumi JLdt fb-! 20 12 21 105%
Bunches 2600 1300 1300 50%
CM energy TeV 14 7 8 57 %
Inelastic cross sec 6., mb 80 64 67 84%
bb(bar) cross sec oy Hb 500 284 ~330 58%
pp interactions/BeamX 055 115 165 272%
Average min bias rate MHz 16 17 22 131%
bb(bar) yield: ypp/Ldt 1012 1 035 063 63%
HLT rate Ayt kHz 2 245 41 205%
Stored events A 1 10° 20 11 26 130%
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Detector performance |

m Vertex Locator (VELO):
21 modules of back-to-back silicon
sensor disks, R-¢ strip geometry

= Must be retracted for safety during
beam injection

m 300 um-thick silicon
2048 strips/sensor, 40 um inner pitch

Corfu Summer Institute 3 September 2013 N.Harnew 10



|Vertex reconstruction performance

m Impact parameter resolution = 12 um for high py
tracks from VELO detector.

m Proper-time resolution: ,= 45 fs
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IParticle identification

m Charged particles identified
with two Ring-Imaging
Cherenkov detectors covering
2 < p<100 GeV/c

m Cherenkov angle resolution 0.66

mrad per photon achieved (in
RICH 2)
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IPID performance

= Kaon identification efficiency > 90%
for pion misidentification < 5%
over a large momentum range
(2<p<100 GeV/c)

Efficiency
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‘ The LHCb 'rr'igger' per'for'mance arXiv:1211.3055

Hardware level (LO):
. 4 ps latency @ 40MHz
: firmware / custom electronic

con | ve oo . high-p; u, e, v, hadron candidates, typically
B pr(u)1.4; E(e/v)>2.7; E(hadron)>3.6 [GeV]

1 MHz max

40 MHz

Software level (HLT):
. ~30000 tasks in parallel on ~1500 nodes

HLT : software / online farm

High p_ track with non zero
Impact parameter

Combined efficiency (LO+HLT):
Inclusive selections ° ~9O % fOI" di-muon ChGHH@'S
H, ptrack, J, topological . ~30 % for multi-body hadronic final

charm and exclusive selections
states

Offline processing:
. ~10'0 events, 700 TB recorded per year
CMEREVENEUCCRCIM . ~800 "stripping” selections to reduce to

samples with 0(107) events for analyses
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| Selected physics highlights |

0 Parameters of the CKM matrix

a Studies of CPV in the B, system
2 CP violation in charm

a Rare B decays
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Quark mixing and CKM matrix |

= In SM charge -1/3 quarks (d, s, b) are mixed
= Mixing described by CKM matrix
(v, v 7 ) (

wd  Vus Vb 1-22/2 Ao A (p-in) )
Vcd Vc.s Vcb - —A 1-A%/2 Ar? + O()ﬁ)
V.oV, T, AN (1-p-in) -4A° 1

Ti s T

= 6 unitarity conditions of CKM matrix, 2 of which give triangles
which do not have a side much shorter than the other two:

(V*uqud+V*cchd+V*thtd) =0 (V*udvtd+V*uthS+V*uthb) =0

ds . uc . bd VeV o
Vied Vs % VudVedd cb¥ cd
e \VyVs Vaovi . — U B
VudV us ub T b VsV * *
us= e VUDV ud o Utbvtd
sh . ct tu V. V. *
VisVib VesVis LR
\/"ﬂmIF vV, E VCthE>
VsV us * ub VeV ih ViV ud ViV ub
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\Um'ram'ry Trlangle

CKM fitter |

10F
05

I= 0.0 _

= 00

The CKM describes all the flavour-changing
processes in the SM

Amazing progress in the last 20 years; the
SM remains intact, but still a whole lot still
to learn
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|Measurement of angle B |

= Interference between B° decay to J/yKO directly and via BO BO
oscillation gives rise to a CP violating phase

¢ = (I)Mixing -2 (I)Decay = 2B

Corfu Summer Institute 3 September 2013 N.Harnew 18



Spectacular results from e*e- B factories on CP violation

Large CP violation effects : sin(2p) from BO—J /K%,
Babar' PRD 79 (2009) 072009 Bel Ie PRL 108 (2012) 171802
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|And now LHCb in the game ..

sin(2p) from BO—J/yKO
B F(E{](I‘-} — JWb K?) — T(B°(t) — Jh K?)

Ajpio(t) = ——=—— — — —
I K§\E) [(BYt) = JA K9)+T(BYt) = Jhio K?)
= Sy K sin(Amgt) — Cyy, KO cos(Amgt).
o VA

S1sks = 0.73 £ 0.07 (stat) + 0.04 (syst) R
0.089 g -’Jg
Cy/yks = 0.030 = 0.091 (stat) + 0.012 (syst) z 02¢
' £ 01%
2 01f
Phys.Lett B721 (2013) 24-31 5
wvn 02
03F

04 5 0

t [ps]

World average (Aug 2Q13) : sin(2p) = 0.689 + 0.019
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Raw asymmetry

| .. and B mixing

N(B°— B0 ) — N(B°— BO)

N(B°— B?) — N(B°— BO)

LHCb
B> D &t
— combined

; e
~
T 1T T ‘ T T

=) =

b2 < N

/
I I B R

l L L
5 10 15
B’ decay time ¢ [ps]

ﬂmd = 0.5156 £ 0.0051 + 0.0033 ps_l

Phys.Lett B721 (2013) 24-31

Corfu Summer Institute

4001

# candidates / 0.2 ps

2001 |

e Tagged mixed

e Tagged unmixed
—— Fit mixed
— Fit unmixed

1 2 3 4
decay time [ps]

.*'_‘am5 = 17.768 £ 0.023 £ 0.006 ps_l

New J. Phys. 15 (2013) 053021

3 September 2013
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A measurement of y from B* - DK* and Dr*

= Four methods, comprising 14
Bt decays included in a combined fit

® B¥=DK*, D—Ksr*m™ and D—Ks°K*K+ "6GSZ"
* B¥*—=Dh*, D—r*K*r*r* and D—K "K3n"
e B¥=Dh*, D—*K* and D—K=t* "ADS"
‘e BF—Dh*, D~K:K=, D— eLW”
Vis i Vi U
s el
V;E) "'..' [t VT,J] .',,' S
b - c . c i d
B~ _ D' ST
u u u u
rp=0.06

- U

DY K"
- S

Vcﬁ* _

L u
. i

Phys Lett B718 (2012) 43

LHCb-CONF-2012-030

Phys Lett B712 (2012) 203

Phys Lett B712 (2012) 203

= Two paths to the
same final state
via D° and DY
=> interference
sensitive to gamma
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)

Events / ( 5 MeV/¢?

| B:— DK* and Bt > Dn* ADS & GLW modes

GLW modes

Corfu Summer Institute

?)

Events / ( 5 MeV/c

B> (ﬂ:+K-)DK+ —

ADS modes

.....

B- - (K'K-)pr- B* > (KK )pm -

5400 5600
m(DhYy (MeV/c2)
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Events / ( 10 MeV/c2)

s ’ B- > (n_K+n+n-)DK- _jh} } Bt o (n'K+n+n')DK+ -
| L T AT
401 + B_ N (n‘K*n*n')Dﬂ' _% B+ AN (n’K+n+n’)Dn+ i

LHCb-CONF-2013-004 | T s5f " ©0 """ "
% i JLdt=2.01b" -
3 | _
GGSZ mode o of j

(K. ),
3 fb

| B+ > DK* and Bt > Dn* 665Z &

m2 [GeV?/ 4]

5800
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‘B: AN DK: Y measupemenf ‘ LHCb-CONF-2013-006

20.16 T I R REEEEEE
GGSZ & o1ab LHCb - Cj - LHCb
3fb-t | e Tl ar
0.1 — - 0.6 - ]
0.08- E 04F -
- L _i3'BSDKGGSZ 02+ =
"0 20 40 o0 50 06 120 140 ié,? [i]go 0020 40 60 80 100 120 140 160 180
Y [°]
LHCb combined
GLS (D° — 1 117, K*K") 1fb-1  Compare: Belle:(697),)°
ADS (D° — K* T K*1rm ) 1fb” BaBar: (68%,,)°
> | CKMFitter : (68.071y°
y = (67£12)°
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CP violation in

B>m'n- & B> K*K- (angle a/y) |

Events /( 8 MeV/¢c?)
[--]
8
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m 0.6 fbl:~5 4k BO>ntr events

m First time-dependent CP
asymmeftry plot of BO—n*n~ at a
hadron collider

—
‘ AT = 011+021+003
\A""" = —-0.56+0.17 - 0.03

m Also first ever Time-dependenT
asymmetry seen in B.>K*K-

A = 0.02+o.13+o.041
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e
n
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Raw asymmetry
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| Selected physics highlights |

a Parameters of the CKM matrix

0 Rare B decays

a Studies of CPV in the B, system

a CP violation in charm
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Rare decay B — pip-

2

m Decays strongly suppressed
in SM

m Predicted BRs
BO. —» pru~ =(3.56 + 0.30) x 10°
B° » ptpu- = (1.07 + 0.10) x 10-10
arXivi1208:0934 & PRL 109 041801 (2012)

m Very sensitive to new
physics - MSSM

m But it's a bit like looking
for a needle in a haystack

]

Corfu Summer Institute
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HO/A°
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| LHCb p+p— mass spectrum |

T T T T T T T T T T

— 10 14000 - N
310° Iy ] A
E 9 — § i E _ o (18)= 4301\3{-\;;:J ]
—— 10 E © 10000~ L=57pb” Nt (18)= 53712 + 283 _
Q — = S A N L (25)=13251 + 174
.— — e F N, (38) = 6489 + 138 3
E 10%: | oo w(2S) <™
5 2\ /§ 6000 |-
2 1 0 g 4000 ?_‘\j
E’ 1 06 = Y (1 S, 2S, 3SU 2000-:. | ’ : I
(& 5 — 0 S0 10 11000
?;J 10" M) (MeV/c?)
S 10%E LHCb-CONF-2012-025
r— —
o 3
c 107 = 20
~— —

|} 2 —
©
s 10°¢
© 10

E B0 — 2
- : —
10-2 _ Lol I Lol I | I

1
1 54 10 m(?L ) [GeV/c?]
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BR(B,— 1)

| History

= B9, - pp-sensitivity to NP has motivated
searches since 1984 |

= BR(B%, —» pu*u) has now reached SM prediction

LHCb: Phys. Rev. Lett.

I I I I I
199 2000 2002 2004 2006. ‘?008 ‘?OTO

90%]| C.L. Upper Limits 108 (2012) 231801
= | | | | | | | | | | 3
— # LHCb _
10° &= CMs —
= + ATLAS =
6 CDF -
107 = DO =
- O L3 =
107 ;_ —— SM Prediction _;
10° = LA
= L4 =

-9 | | | | | | | | | | |

10 2014

e



LHCb B, —» p'u candidate
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m Results based on 2011/12 data: <

>

=

b

=

Candidates / (44 MeV/c*)

3 fb!: blinded analysis

Selection based on multivariate = se00
estimator (BDT) combining vertex =

= bk = o oD

. . . 5400
and geometrical information e
= Cut on BDT>0.5 2 -
= The known B masses and widths 5000 S s
are fixed in the fit 0 02 04 06 08 1
BDT
LHCb-CONF 2013-012 a0 Lo N i1l . 40.3 9
T == FllPDF E Kﬁ(Bs_} ,u.. #7) = (29550t So3sy) X 10
| LHCb —— B0 ptp- . Significance : 4.0 (Expected 5.0)
- BDT=0.7 BY — utpu— .
. 3fp! e B, —hh" ]
g e Bl —r (Kt B(BY— ptpT) = (3.7157st T0%sy) x 1071
- wan B g0yt ) .
o Combinatorial Significance : 2.0
. Hi ‘L l 1 Upper Limit
=TT . S0 A 0 A . E No compelling B® — p™ ™ signal hint
5[;0{:' P A L L L

3500

B(BY— ptp™)<7.4 % 10710 at 95%C.L.

m,.,- [MeV/c]

Corfu Summer Institute
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| Combining with CMS results |

o 25fb~! of integrated luminosity

o B(BY— putp)=(3.0049) x107°  Significance = 4.30 (4.8 Expected)
o B(B®— putp~)=(3.577%) x 10719  Significance = 2.00

Weighed B Average (not Likelihood Combination)

Significance

BB — ptp~) MY (2.9+£0.7) x 1079 > 50
BB — utp~) B (3.6719) x 1071 > 30
LHCb 3fb"' W sM
CMS-PAS-BPH-13-007 | CMS 25fb
LHCb-CONF-2013-012 CMS+LHCh
preliminary

0 1 2 3 4 5 6 7
B(B!— W) [107]
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|Constraints on new physics models |

Status in June 2012 (LCC combination) Status now

Br (BY —|utp™) < 4.2107° at 95% C.L. Br (B} — pu"p~) = (3.2713)10°°
Br (B — p"pu™) <8110 at95% C.L.  Br (B — utp) <9.410°2° at 95% C.L.

20

al 'Modified from [Straub, 2012]

MSSM-LL

15 ¢

10 |

05

10° x BR(Bg = utu™)

B(B® — p*pu7) [1077]

0‘0 i i X i i
10 20 30 40
10% x BR(Bs — utu™)

Straub Moriond 2012 (http://phys.davidstraub.de/files/dstraub-moriond12.pdf)
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¢ g ?
“ o _ K* By W K* By _ o _
wr uc.t w
=L

SM + New physics contributions

= LHCb has largest sample in
world, as clean as the B

Factories!

= LHCb BR=(1.22+038 ,.,) x 10
agrees to within ~30% of SM

arXiv:1210.4492

= Latest analysis : 883 + 34
events (1fblat 7 TeV)

Corfu Summer Institute

arXiv:1304.6325

Candidates / { 10 MeV/c? ) Candidates / (10 MeV/ic? )

Candidates / ( 10 MeW/e? )
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f\\\e
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40|
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D Combinatorial bkg |
20 H Peaking bkg
§ Data
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)
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T
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Candidates / { 10 MaV/c? )

LHCb
2<q’ <43 Gevict
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5200 5400 5600
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40t
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IB® - K*p+p- continued

arXiv:1304.6325

s But forward-backward

asymmetry Ag(q°) in the pp
rest-frame is a sensitive NP
probe (q2=m,?)

m First measurement of zero
crossing point:

G2=49+0.9 GeV?

= Arp measured by LHCb
consistent with Standard

Model

Corfu Summer Institute
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| New observables in B® —» K*p+p-

» Goal: express differential decay rate in terms of
parameters that are less sensitive to the hadronic
matrix element uncertainty & prevent NP from hiding
under strong interaction effects. arXiv:1308.1707

m Same 1 fb! 7 TeV dataset
= Angular differential distribution given by:

1 d*(r + ) 9
I dcosf;dcosbp d¢ 32w

3 1
[E(l — Fi)sin? 6 + Fy, cos® 85 + it Fr,) sin? 6 cos 26,

2 1 (2) . 2 . 2
— Fp,cos” 0 cos20p + E{I—FL}A..:P sin” O sin™ Op cos 2¢ +

VFL(L — FL)P} sin 20 sin 26, cos ¢ + 1/ FL (1 — Fy,) P{ sin 265 sin 8, cos ¢ +

(1 — F)AR, sin® 8 cos 8, + JFLu — FL )P} sin 205 sin 8, sin & +

\/FL{I — FL)P} sin 20 sin 28 sin ¢ + (S/A)g sin® 8 sin?® 6 sin 2¢ ]
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INew observables in B - K'upu- cont' |

arXiv:1308.1707

= Local discrepancy of 3.7c in 3 bin of Py’
(SM prediction J.Mathias et al, JHEP 05 (2013) 137)

0.8
0.6

A e rwe T

0.6

08 0.6 —
S| I B B B |
0 5 10 15 20 — -
2 [GeV¥c*] 0.4 ! + Data

SM Predictions L H Cb

1 0.2 —
0.8 LHCDb SM Predictions - o— ] = — s — —— — — — ——
0.6~ Data N 0.2 i -
0.4~ - '
0.2p- ‘ - 0.4 —

0___=i__ ........ —_—

-u.2+ ‘ q— - 0.6 _+_ —
-0.4- —

-0.6}= B -0.8- —
-0.8p= - _1 'l 'l 3 'l ] 'l 'l 'l 'l ] 3 ' 1 I » 2 2 2 ]

_10 M é M 1|O M 1|5 M zlg ﬂ 5 10 15 , 2[’

g2 [GeVZ/c*] g° [GeV“/c?
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| Selected physics highlights |

a Parameters of the CKM matrix

a Rare B decays

a Studies of CPV in the B, system

a CP violation in charm

Corfu Summer Institute 3 September 2013
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\Es weak mixing phase ¢, in B. - J/y ¢ |

B - ) e
qu\\) ]/lqu By B! 6411 1
ESO /%7 ‘ 6 s §tou

= Golden mode for this study is B,— J/y ¢

= Analogue of 2 (phase of B° mixing) in the B, system

= Interference between BO decay to J/yKO directly and via B - BO
oscillation gives rise to a CP violating phase

0= Onixing = 2 doecey = = 20 DW A
= LHCb P

" ¢, is expected to be very small in the Zuw,

SM , and precisely predicted: o
o = -0.036 + 0.002 S
(see eg Charles et al PRD84 (2011) 033005) S so0f 3

I T RN L | --H:-.-I | 1 -.I--- 1 | :.-‘-‘f-. ||||||
%ED }341:' 5360 5380 5400 5-1- 0

lfb'l, 7 TeV PRD 87 112010 (2013) m(I/WKK) [MeVicT]




B. > J/v ¢ angular analysis

= But ¢ is a vector meson (spin 1)

= Vector-vector final state: mixture of CP-odd and CP-even
components

Need to perform B.— J/'¥ ¢ angular analysis
’ Y,

K+ ﬁ_\(
LHCb: 1fb1, 7 TeV, 27617 candidates

Use opposite side tag: Power = (2.29 + 0.07 + 0.26)%

= First measurements from the Tevatron indicated large

values for ¢, discrepancy with SM reaching ~3c 1



L — J' /y ¢: fit projections

10°

-

[a—y
it

—
=

Candidates / (0.23 ps)
| IIIII|'|T| IIIII|T|'| TTTIT

1 IIII|_|,|,| 1 IIIII,I_IJ 1 IIIII,II 1 IIIII_I,‘ L

-\ .
- N\ / =
n N / ]
u ~ ff ]
— 1 AT -
:JI: I'I'-r' .- - "'r "I - - -'II‘ ll" - 'I'-Il-'d"-l lll;
1 -0.5 0 05 1
cos 0
C

Candidates f .07

Candidates / (0.21 rad)

1400 . . . .
S 1200 LHCb -
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so0f -7 ~< -
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200F Tt =
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-1 0.5 0 0.5 1

cos B
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N.Harnew 42



LHCb 1.0fb" + CDF 96fh '+ DQ 8fb ' + ATLAS 4.9fb™"

- 025 nl rr T 1 | I L
| - o™ HFAG B ,
B ook o 1 = Results correlated with
T F ) 68% CL contours 7 - : .
—  F . (AlogL£ = 1.15) 3 Al = width d'ff- of
<] o15F | LHCD 4 the B, mass eigenstates
010 T ’-,-;?t-:lgombmed i plot as contours in
- T @ - (b5 vs AT plane
o CDF [ -
OOoF SM - /ATLAS .
B .3 = Alsoadd in By~ Jhy nn
-1.5 1.0 -0.5 0.0 0.5 1.0 1.5
G§° [rad]

World's most significant direct measurement of ¢, & AT’ AT,

Os — 0.01 £0.07 (stat) £0.01 (syst) rad.
s — 0.661 £ 0.004 (stat) & 0.006 (syst) ps™
AT g — 0.106 £ 0.011 (stat) 4 0.007 (syst) ps™'

Still much room for new physics in ¢, will continue to improve precision
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‘CP-viola‘ring asymmetry as; in B, decays ‘

s CPVinmixing P(B— B)+# P(B — B)

= First step to resolving the issue of »50.02

the DO di-muon asymmetry anomaly.
Phys. Rev. D 84, 052007 (2011), Phys. Rev. D 86, 072009 (2012)

s LHCb 1 fblresult for as, v
. _LB > D) T(Bs > D)
si — J— &
[(B° — D ")+ T(B. — D i) 0.02

a$[LHCb] = (—0.06 = 0.50 = 0.36)%
arxiv: 1308.1048 -0.04 _

m DO result not confirmed nor ruled
out.

5= -5
Standard Model ay; =(1.9x£0.3)x10
predictions a; — (=4.1%0.6)x10™

Corfu Summer Institute 3 September 2013

A.Lenz
arxiv:1205.1444

N.Harnew




| Selected physics highlights |

0 Parameters of the CKM matrix
0 Rare B decays

a Studies of CPV in the B, system

a CP violation in charm
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Short Range W
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W

LHC reveals hints of 'new physics'in
particle decays

son Palmer /
Science an wealagy renorter, BBC MNews

Long Range

T KT

Large Hadron Collider researchers have shown off what may be
the facility's first "new physics" outside our current
understanding of the Universe.

Particles called D-mesons seem to decay slightly differently from their
antiparticles, LHCb physicist Matthew Charles told the HCP 2011
meeting on Monday.

c The result may help explain why we see so much more matter than
3 sep.re antimatter.




Charm mixing measurement

Charm mixing has been confirmed by BaBar, Belle & CDF, but LHCb
now show clear observation in a single experiment.

LHCb measure the time-dependent ratio of D° decays to Wrong Sign
to Right Sign

N(D°—-KTr~
R(t) — NEDD—}};_W+§

Use the sign of the slow pion from D™*—De°r*, and D™— 5%'5 to tag
the initial D° flavour

Xll}ﬁll T T T T T X-.I.{::rll T T T T T T T T T T T
120 | 3 10 .
L | LHCb ﬁ - RS data 1 T [LHCb ¢ + WSdata
z 1 |l — Fit ] 2 8 (— ]
E 0.8 - T| B Background ] E 6: :HI' ) Background
=) B l i - N . N
= : 1 = [ !
Z 0.6 |- | | - Z i :
= - T @ 4
=2 04F t 4 2 [
E - + L ~ 8.4M '% N
U 02F ' 4 O <
; ! 1+ RS Decays : ;
0 SR JI5 bttt A ol
2.005 2.01 2.015 2.02 2.005 2.01 2.015 2.02
M (D°r?) [GeV/c?] M (D°?) [GeV/c?]
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|Charm mixing measurement |

<10 LHCb 2011 data, L=1/fb

E [ T I T T T | T T T | T T T | T T T ] I? I I . I | | | I I I | I I I I I | :
! g » Data g E 2- LHCbH "
6.59F — Mixing fit E EN ]
6F - No-mixing fit e L.5F p
4'5 z_ . _z 0 5 :_ \._L:“ ‘1"'1{:_‘1“ _:
44#/' o PN
3.5E LHCb -+ No-mixing )]
3 :_ 1 | | I 1 | 1 | 1 | 1 | 1 | |‘II|II JI,III | | _: _0-5 __ 1 I 1 | | | I 1 1 1 | | 1 1 1 1 I | __

0 2 4 6 20 0.1 -0.05 0 0.05
7 x'* [%]

The no mixing hypothesis is now

excluded at the 9.1c level ina PRL 110, 101802

single experiment (2013)
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e . Rev. Lett. 1
CP violation in charm ""Yfzo'}% 1"1?;02 %

Measure D9/D° decay asymmetries - charge of n from D*
determines production state of the D°

A _N(D” > K'K")-N(D” - K'K") A N(D° > z'77)=N(D° > 7' 7")
K . —
N(D® > K"K)+N(D° - K'K") N(D° - 7'z )+ N(D° > z*7")
In the Standard Model these asymmetries should be close to zero

"LHCb

Prelimin Prelimin
580 pb'!

Signal Signal
window window

10820 1840 1860 1880 1900 10820 1 540 1 850 1880 1900
m(K'K*) (MeV/c?) m(x*) (MeV/c?)

The quantity AAcp= Ax - A_ is measured (since systematics largely cancel)

Based on 0.62 fb-! (2011 data) 3.50 different from
AAp=[-0.82+0.21(stat)+0.11(sys)]%
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CP violation in charm - now with more data - 1 fb-!

s From D° »m*m and D° - K*K-

LHCb AA.p=-0.34 £+ 0.15 £ 0.10%
2240k D°—K*K:, 690k DO in 1fb"' LHCh-CONF-2013-003

Previous: AA~p=-0.82 £ 0.21 £ 0.11%
1440k D°—K*K-, 380k D°—1r*1r in 0.62fb! PRL108(2012)111602

= Add muon tag data e

BaBar
Tag from B—D%u- CDE
560k DO—K*K-, 220k DP—1r*1T in 1fb-! PLB723(2013)33 Belle
Dedicated calibration of muon trigger charge asymmetry | :H(:b o |
AA.,=+0.49 +0.30 + 0.14% IO A (gt
LHCb D*+SL comb: AA.p=-0.15 + 0.16% LHC (e
Nalye average
o . . N TN SR T S N N TR (N TR
= Combination now consistent 1 0

, W O Ay (%)
with zero CP violation
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Summary and Outlook |

The LHCb experiment works spectacularly well

So far all in good agreement with the Standard Model
— New physics is becoming constrained in the flavour

sector
— Hints of new physics await more data.

Up to 2017 we expect 7-8 fb! of data in total, and
much of this at ~double the current heavy-flavour
production cross-section (since /s: 8—14 TeV)

Still much room for new physics, higher precision
required ...
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|Outlook: LHCb Upgrade |

~ 3 r
= Main limitation that prevents exploiting 525 m
higher luminosity is the Level-O (hardware) S oAy
trigger % 2E v g
m To keep output rate < 1 MHz requires raising 21 5 O P
thresholds — hadronic yields reach plateau 10
m Proposed upgrade is to remove hardware -§D,5 -
trigger: read out detector at 40 MHz (bunch = ¢
crossing rate). Trigger fully in software in O % 3¢
CPU farm. Requires replacing all front-end Luminosity (x10%)
electronics I A

= Will allow to increase luminosity by factor
~10 to 1-2 x 1033 cm=?s! el

s Framework TDR submitted to the LHCC: e i
Physics case enthusiastically endorsed, '
detector R&D underway

Upgrade of LHCb detector planned
for 2019 to take at least Al

10x more data: 50 fb-! T'fc.h."."f‘.'??fi.g.'" et | 5o




\gggr'ade sensitivities 50 fb-! |

LHCb-PUB-2012-009

Type Observable Current LHCb Upgrade Theory
precision 2018 (50fb™")  uncertainty
B? mixing 26, (BY — Jh) @) 0.10 [24] 0.025 0.008 ~ 0.003
208, (BY — Jhb f3(980)) 0.17 |26] 0.045 0.014 ~ 0.01
Aw(BY) 6.4x 1073 [41]  06x10~2 02x10=* 0.03 x 1073
Gluonic 2681(BY — ¢¢) - 0.17 0.03 0.02
penguin 26T(BY — K*0K*?) — 0.13 0.02 < 0.02
2BM(BY — ¢ K2 0.17 [m 0.30 0.05 0.02
Right-handed 26T(BY — ¢ry) - 0.09 0.02 < 0.01
currents TT(BY = ¢7)/7po — 5% 1% 0.2%
Electroweak  S3(B" — K*%utp=;1 < ¢* < 6 GeV¥/c?) 0.08 [42] 0.025 0.008 0.02
penguin so App(B°® — K*%ut ™) 25% |42 6 % 2% 7%
A(Kptp—:1 < ¢? < 6GeV¥eh) 0.25 |9 0.08 0.025 ~0.02
B(BT - ntptp™)/B(BT = K ptp) 25% [43] 8 % 2.5% ~ 10%
Higgs B(BY — utu™) 1.5 x 1077 4 0.5x 1072 0.15x 1072 0.3 x107°
penguin B(B° — putp~)/B(BY — ptu™) — ~ 100 % ~ 35% ~ 5%
Unitarity v (B — DWEK®) ~ 10-12° @@ 4° 0.9° negligible
triangle v (B? = D.K) - 11° 2.0° negligible
angles B (B — J/U K2) 0.8° [lm 0.6° 0.2° negligible
Charm Ar 23 x 107 [41] 040 x 10— 0.07 x 1073 -
CP violation AAcp 2.1 x 1072 |8 0.65 x 1072 0.12 x 1073 —
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IFlavour tagging |

m Tagging of production flavour (B or B)

important for mixing and CP analyses.
LHCb-CONF-2012-026

Performance calibrated using control
channels such as B* — J/y K* -

m Current opposite side tagging power: u,5§_ LHCb preliminary :
e (I—W)Z = (229 + 0.06 + 0.22)0/0 ‘.'}.4;—

u-ﬁ_llII|IIII|IIII|IIII|IIIIIII

03F ;
same side - ]
pion tagger 0.2 — 9 ]
0.1 + .
Same side « / B — Jf{ L)b K-I_:
t f G_ L1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 1 I L1 1 I-
e - 0 01 02 03 04 05 0.8
Opposite side vertex-charge tagger TI{:

opposite B “~.,_from inclusive vertexing
1 Y
A3

opposite kaon
tagger (K-)

lepton taggers
(e, p) from b-quark
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| The sign of AT,

« To resolve ambiguity
(¢, AT, o, 3,) © (n—¢s, —AT, 2n-9 |, -3,)
study strong phase difference 5., = §,-9,
between K'K" P-wave and S-wave amplitudes
as a function of m(K*K") around the ¢$(1020)

« P-wave: $(1020), going through resonance
— expect rapid positive phase shif+t

. S-wave: non-resonant and tail from f,(980)
— expect no fast variation of phase

« Analysis based on 0.37 fb!

. Determine 3, in four K*K- mass bins

Solution corresponding to AT, >0
preferred with 4.7c significance

Corfu Summer Institute 3 September 2013

10°

Events / 2 MeV

dg i (rad)

- T .-
T TTTJTTTTIJTITIT

102 £

10

PRL 108 (2012) 241801

= LHCb ' P -
H -+ - H
g
P+ 4+
g + +++
I L 1 I 1 1 1 1 i 1 1 L 1 ] IIIIIII
990 1000 1010 1020 1030 1040 1050
my, (MeV)
E  LHCb '—I—|
= Te g ——
= i —o— solution |
E .—I—q —=— solution Il
- —— .
— : —_—
= —
...............................
990 1000 1010 1020 1030 1040 1050
my, (MeV)
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| Time-dependent CPV in B® —h*h~ |

A o A T [LHCb-CONF-2012-007]
T 77 Belle ! preliminary
i ] | BaBar i
0.6 %l//////, "] LHCb preliminary 0.4r ] LHCb preliminary
0.2 f\
0.2
0258 06 04 02 0 02 03920 0z 04 06 08
AT ARK
‘ B (B = fop) -T(B = fcp) A (f) — Aqir cos(Amt) + Amix sin(Amt)
Acp(t) = (B = fcp)+T(B = fcp) cr(t) (:osh(%zt) — Aa sinh(%t)
Aq, = 0.11+ 0.21+ 0.03 ASr = 0.02+ 0.18+ 0.04
Amr = -0.56+ 0.17 + 0.03 At = 0.17+ 0.18+ 0.05
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|CP violation in B—)I(n and B>Kn |

I'(B° — ¢
*1(_’*13(8 — K ’T) ( — )
['(BY — )
; 0 - F(EE — T I Bg — :FT"'[{_)
ACP(BS — n[&) 50
['(BY — 7~ )
- 3000 — o = B"—Kn
£ 2500 © 5 Bl oKn
E 2000 g : B’
o < : . B KK
o 1500 E; n B—3-body
.TE 1000 E : Comb. bkg
c = o
E 500 E L
-] - I T T -|| |\|=||d%lllnll 1 |||l|--|||-
l:}5 5.2 5.4 5.6 5.8 ) .

K* invariant mass (GeV/c?)

5.6 5.8
K 7* invariant mass {GE\r'fGE)

Acp(B? — Kr) = —0.088 = 0.011(stat) = 0.008(syst)

Acp(BY — Kar) = 0.27 = 0.08(stat) = 0.02(syst).

Corfu Summer Institute
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|Charm mixing formulism |

—_ o W_ [
77 T C +
d d K -

S D A

o bl e

W+ K

mass difference Xx: decay width difference y:
. mao —Mmy .&_m Y = Fg Fl — QF
=" =T J = Tar or

In the limit of small mixing |x|,]y| << 1 and assuming negligible CPV:

R(t) = JXZSS(() = Rp +/Roy't + ’+y’t
/

the ratio of the interference of mixing
DCS to CF the DCS and mixed decays  parameters

decay rates (—’/”,’:/,/,;7-—

' =xcosd +ysind ¢y =wycosd —xsind

d is a strong phase difference between DCS and CF amplitudes
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PID calibration AT S e ————
£0000 Preliminary peak_yield = 588157 = 7

=7 TeV Dat

samples .

o | LA LA | L 30000
96000;- LHCb bkgd_yield = 37330 = 293 | t
s000f-  Preliminary peak_yield = 329986 = 615 | $oooo
g \s =7 TeV Data - Ll
2000 N ¥ 10000
30000 D from D* ; J / \-\
-t ] 0 L A - ] . o=
§8000 = 460 480 500 520 540
Ws000 = m,, (MeV/c?
4000 3 —_ — ,
- o
2000 = 06000 LHC-b . bkgd_yield = 10744 = 126
. /A > Preliminary peak_yield = 56975 = 249
1820 1840 1860 1880 1900 . 35000 \s=7TeV Data
m,_(MeV/c N
o <4000
oy NS e #3000
-5}_6000 LHC'b . bkgd_yield = 939103 = 121 c
34000 Preliminary peak_yield = 122037 = 81 82000
\s=7 TeV Data Ll
2000
o
30000 1000
~—
28000 0 p— -
s 1110 1120 1130
26000 . . . . m,, (MeV/c?)
4000 m Impressive calibration purity — samples
2000

LN allow PID calibrations in efficiency and
00 Mevie) purity to be evaluated with data
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|Away from flavour: W/Z production |

LHCb's unique forward and low p; acceptance equips it to perform EW / QCD
measurements which are highly complementary to those of mid-rapididty GPDs

Unique kinematical acceptance

10°
f | LHCb 2<y<5
5 [ —
10" F|ATLAS.CMS |y| <2.5
W/Z | /s =T17TeV
; g
-~ 10" F ~
Lo
> A3
3 &
= 10’ S
o i
c /
10'F
| DpcLap
"} evolution  HERA Fixed target
¥ 4
10" |
E lllllll - lllllLI - hlllll bl IAAIHJ. bd L AALLL A llllllll I W |
10’ 10° 10° 107 10° 10° 10" 10°
sea X valence
COorTu Summer Lnstiture o ¢

Lepton charge asymmetry

0.3

0.2

0.1

CMS

0f- .
L =&~ ATLAS (extrapolated data, W — Iv) 35 pb" .
-0.1— - CMS (W- pnv) 36 pb’ .
C m  LHCb (W- pv) 36 pb™ ]
0oL MSTWO08 prediction (MC@NLO, 90% C.L.) 7
- CTEQSS prediction (MC@NLO, 80% C.L.) .
0.3F %ﬁ@ HERA1.0 prediction (MC@NLO, 90% C.L.) =
-'_.Il.llllllllllll||||||.l |||||l||J|||_

0 05 1 1.5 2 25 3 35 4

Studies of W/Z production [JHEP 6 (2012) 58]
alongside ATLAS/CMS gives complete picture

. ATLAS+CMS+LHCb ]
—& Preliminary -

ATLAS/ | LHCb

P> 20GeV




2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022

2023

20307

) l V /s=14TeV; L jep= ~2x1033 cm-2s!

LHC(b) Long Term Plan

< LHC startup, \'s = 900 GeV

J Js=7/8TeV; L = 3-4x103%2 cm-2s!
> ~15fb!/year

50ns

~20-25 b1 _
st G LHCDb first infrastructure for Upgrade |

Js=13/14TeV; L o= 4x1032 cm2s!
Js 2 1.5-2fb1/year

w2 Inj LHCb Upgrade Installation

\}: fS:14Tev, LLHCb: 1-2)(1033 Cm'ZS'l
> >bfb1/year

1S3 HL-LHC Phase-2 upgrade, IR, crab cavities?

| Lar

3/fb

II

5-7/tb

E

50/fb




| Isospin asymmetry in BO — KOutyu-|

= LHCb measure "“isospin asymmetry” THEP 7 (2012) 133

- T T -

DB K°uTpu ) -T(BTY—=KTpuTp=) < F
DB KYuTpu )4+ I(BT—=K+utp—) *F
) E—

m Expected to be ~zero in SM

= Significant deviation emergingj
(4.6c from zero). Requires st
further studies and better

theoretical understanding o
m No similar effects seen in
B—>K* -

-0.3

-0.4

-0.5F
(

L=
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| B — m'u'y rare penguin decay |

M B+ N .n.+u+ “-
First observation - (rarest B decay ever observed that
has >5c significance)

i, o — u,d

arXiv: 1210.2645 a

2516 events
5.2 o significance

oET T T — T T T ] . |
: — B = 1t i, o | i, o
- O
L i } i
15 B =K | §H éh ,_,;
| .B+%ﬂ:+ﬂ:+ﬂ:_ E *\:\{I
10_ Part. reco. ] ;

.Combinatorial { " SM pr‘edicﬁon: (20 T O.Z)XIO—S
% + + - PRD77 (2008) 014017

m BR measured

. ]
5000 5500 6000 6500 (2.4+0.6+0.2) 108
M atutu [MeV/CZ] N.Harnew 64
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