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LHC and LHCb

pp collider : 2010-2011:
= @ Js =7 TeV

S = L = 40 pb! - 1.1 fb-!

LHC 2011 RUN (3.5 TeV/beam)

I

pp collider : NOW (2012) :

Delivered integrated luminosity (fb™")

10 | :
= @ Js = 8TeV —o— ATLAS 5.626 fb~" ||
= Goal: 1.5 fb-! 107 b —& CMS5.714fb™

—o— LHCb1.217 fb~! ||
10° —o— ALICE 4.877 pb~' -
Uncertainty on Luminosity in PRELIMINARY ’

Il Il

these analyses : 3.5% Mar Apr May Jun Jul Aug Sep Oct
Month in 2011

(J' InStrum' 7 (201 2) PO1 01 O ) (generated 2011-12-01 19:35 including fill 2267)
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The I—HCb de.l-eC.I-Or JINST 3 (2008) S08005

Angular
acceptance :
10<06<300 mrad

. Vertex
Locator

Point

0,,=0.3 mb, Tracking System

25% in acceptance

Calorimeters

Trigger : three levels, first hardware, two software

e Performance numbers relevant to these analyses:
- Charged tracks Ap/p = 0.35 % - 0.55%, o(m)=10-25 MeV/c?
- ECAL o(E)/E= 10% (E/GeV)'2 ® 1 %
- Muon ID: g(u—u) = 97%, mis-ID rate (x—u) = 1-3 %
- Vertexing: proper time resolution 30-50 fs

possibility
to reverse
field

polarity to
check for
detector
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Heavy Flavour Physics at LHCb

= Heavy flavour rates high at LHCb

0(cC)yys =17422267  ub (LHCb-CONF-2010-013)

o(bb),., s =753+54+130  ub  (Phys.Lett.B 694 (2010), 209)

= Quarkonium and B-hadrons production processes are powerful tests of perturbative
and non-perturbative QCD models, exotic spectroscopy sheds light on underlying
model

= Due fo the unique coverage of LHCb, results are complementary to Atlas and CMS
and essential for a uniform picture
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B hadrons
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JHEP04(2012)093

B* production
B* — Jy(urpr) K=

= First B* production tests QCD@NLO )
. S —4— LHCb data J
= Cross section measurement: 2 —Tow
gnal
= 35 pb~! data-> ~9k B* signal events 22 Background -
St ceee B Jiym”
= 0(pp — B*X) and d 0 /dp; in range @ 15 .
g \s§=7TeV 1
2<y<45and0 < p; <15 GeV/c 210 50<p, <55 GeVic:
= Main systematics: tracking (4%) and muon 0 :
ID (2.5%) efficiencies ) +
= Compared to FONLL prediction 300 5250 5300 5350 5400 5450
M(J/wK?) (MeV/c?)
(Fixed Order plus Next-to-Leading Logarithms, d(j/de
M.Cacciari et. al., JHEP 05 (1998) 007) = ———
= Assumed f,_;, = 40.1 + 1.3% (PDG) § OF e, T LHOb(Goy<as) 3
= Uncertainties: b mass, CTEQ6.6, scales. S 'r"' s S FONLL (2<y<4.5)
= (O0(B* 2.0 <y < 4.5, p<15 GeV/c) = < i SRS
s H RN
414 £ L5 + 3155 M D S P e . RS
First measurement of B production in forward region!! )
Being updated with more luminosity o , .
& including B, and B° 0 0 p:(oGeV"c)
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% % o
B O b s e r Va.l- l O n LHCb-CONF-2011-053

B

= B "= excited B, mesons (orbital
momentum L = 1), predicted by
Heavy Quark Effective Theory

200F= T 'LHCb
180 N*=5255 +414 ! Preliminary

Q%= 319.9 +1.17 MeV/c? 4
336 pb' s =7 TeV Data
160 re- 2058 +1.99 MeV/c? pb7es

140 N*= 438.1 +654
Q%= 258.5 +1.68 MeV/c?

Events / ( 4 Mev/c? )

= LHCb searches in B*K-, B*m~ and ~ ioof |~ " *'%" from | gy
BOrr~ in L=336 pb- o0 ‘

= Signals expected in - ' A
Q=M(Bh)-M(B)-M(h) distribution oE— e e A

B+K- B]— B m B)— B m B)—B'n”

‘Z; 350 } [ rrr 1 rrr 1 rrr1 rrryrrrrrrrgr7r _:
> = LHCb - ~
® - = N. = 705+ 45 -
; 300 Preliminary N, = 16619 Ba = NQ 1208 \e- 5314 +403 Preliminary
— -1 - 2 - 2 — B 2
o - 336pb’Vs=7TeVData Qg = 10.36:0.08 MeV/c® Q. = 66.82+0.13 MeV/c® 5 B 1p0f- O 3199 +331Mevic? 336 pb" §5 = 7 TeV Data
2 il 2 2 & r®= 268 +4.09 MeVic i
g 250 o, = 0.85+0.07 MeV/c 6, = 1.85+0.13 MeV/c? —|
- Bu B, = N= 4425 +74.2
2 - 3 < 100 N R
N 3 - Q* 2614 +1.92 MeVic
= 4 - 80 = 2412 +4.09 MeVic* !
- .54
150 * 2 60
- l 3 &
100 — — >
E k8 - a 40
50 -4’ — 20
L L | I | 3 0 =
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o
(=]

= P . R"- 1 i M M M
oo b b SN by Ly L
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B’
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B™ observation

LHCb-CONF-2011-053

= The measured Q values are translated into masses:

Mpo = (5828.99 £ 0.08, & 0.13,y, & 0.4575°) MeV/c?,
Mpso = (5839.67 £ 0.13,¢a £ 0.175ys £ 0.297 %) MeV/c?,

(

(

(5724.1 H 1.7,0 & 2.0 & 0.55725) MeV/?,
Mg+ = [(5726.3H 1.9, + 3.0 + 0.5202%%) MeV/c?,

(5738.6 A 1.2, T 1.2 & 0.357255) MaV/?,

( ) MeV/c?,

5739.0H: 3.35tat & 1.65ys £ 0.38m2s

syst

/ ’
First measurement
of the B*,* and B, Being updated with more luminosity

masses
= Masses of ISOSPIN partners are compatible

= Good agreement with theory prediction
» (M. Di Pierro and E. Eichten, Phys. Rev. D64 (2001) 114004)
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& A, O First Observation !

= Two narrow states are observed in

arxiv:1205.3452

Omp+ap— i - -1
At spectrum in L=1.0 fb-! data A, peak
= Expected at J? = 1/2- and 3/2- SI8000F T T T g
QO » .
> 16000 LHCb E
L ., o ]
% % 0 =1 1 = :ig :
- * - ] - L [ . -
o 5950F A1 (3/2) ] = i t ]
= - o : — 10000 F 3
) 5900__ ."\b (1/2) - '\J‘ E :\g—):\:ﬂ— E
a : 0 o 8000F = A'SANKT
= 5850 Ly (3/27)] = 6000 ? , [T Part-rec. bkg. 3
C B ’ - » -
5800;— | Zg’ (1/29 _; :'-:: 4000 E- ) Random bkg. 3
- . @) - . E
N - S e NN BT e
5700;— —; 5400 5500 5600 5700 5800 35900
5650E E M(AIT) (MeV/c2)
- Ap (1/2 :
5600E o (112 =

b[qq]mﬂsymm b{qq}symm
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A% First Observation !!

= Two narrow states are observed in

arxiv:1205.3452

At spectrum in L=1.0 fbldata 5 F " .
S 25F
= Expected at J° = 1/2- and 3/2- = ~F [
S 20F |
6000 g 15 | 1 } ]H
) - 1=0 =1 E g 10F E | } HH
> C * . 3 = C |
3 @0y e e
% 5900F AL (1/2) - ? g Tt
& : - : 5900 5910 5920 5930 5940 5950
= 58501 Zb°" (3/2") M(Ay*) (MeV/c?)
C (V- N
58001 Ty (1/2%) 3 N A LI
v : % ok () LHCh 5
- Y 3 z ul -
5750; . : 2 2sf :
57005 = S 20p l
5650F - g
g Ag (1/2%) : g 10
5600E = 3 SE
blaq], yeymm b{qq} : - -

symm -
ym 5040 5950

M (Apntnt) (MeV/c?)
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= Two narrow states are observed in
At spectrum in L=1.0 fb-!data

= Expected at JP = 1/2- and 3/2-

AL(5912) 16.4+4.7 0.19 MeV/c? 4.6 0
AL°(5920) 49.5¢7.9 0.27MeV/c?  10.10

M gs0(5012) = 5911.95 £ 0.12 4 0.03 | 0.66 MeV/c?,
M ge05020) = 5919.76 +0.07 5 0.02 1 0.66 MeV/c?,

H_

stat syst A, ’mass

= Main systematics:
= Signal/background modelling, momentum scale %

= Limits on natural widths (95% C.L.) :

Candidates / (0.5 MeV/c2)

Candidates / (0.5 MeV/C3)

F.-"l;°(_5912) < O ) hle\« &ll(l F1.0(5920) U l]. hle\«

' |
m&wﬁﬂﬁwﬁwﬂ _

5900

5010~ 5920 5930 5940 5950
M(AT'T) (MeV/c?)

L S B S B B S N B

(b) LHCb

5040 5950
M (Apntnt) (MeV/c?)
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Quarkonium Results

LHCb Preliminary 70 pb-! \s =7 TeV

JA

Y (1S, 28, 3S)

U G — { _13
O O O O O © O -
w & O o N o © o

. (not corrected for efficiency)

cand
_‘—L
_Lcoro

10
10'2 llllllI | 1 IIlllI[ 1 1 lllllll

1 10

2

1
M) [GeV/e?]
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arXiv:1205.0975

Double Charm

= J/YC & CC/CCbar measured @ . K-
LHCb in 16 channels K- o _
V™ \/&mﬁ“
DY - ! //
5 I/ -
- DO @@ Primary
Primary vertex

vertex
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arXiv:1205.0975

Double Charm

= J/YC & CC/CCbar measured @ . K-
LHCb in 16 channels K" o _
'/ g ~ + V’Dm
DY - T //
5 J/p -
- DO @@ Primary
Primary vertex
vertex

(=]

Candidates
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arXiv:1205.0975

Double Charm

= J/YC & CC/CCbar measured @ K-
) _ +
LHCb in 16 channels K U -
= Ve = D N
Mode yield pv ~ Tt 7
— — s .
T/pD° 1875 + 86 < 1o AN,
J/AbDT 3323 + 71 Primary vertex
) N vertex
J/AbDT 328 £ 22
JApAT 116 + 14 LECh __ JApDO | ¥
DVDV 1087 &+ 37 . N
DYDY 10080 + 105 = 2 300}
DD+ 1177 = 39 E R
DD~ 11224 + 112 © O 10
DD 111 £ 12 s =
DD 859 =+ 31 Ny Vi %) o ===
DOAF 41 £+ 8 (/VJU s 7 T B
DOAZ 308 4 19 /rfzj /; ek ) &Ge\//
D D" 540 &+ 19 Cey, M
D+*D— 3236 + 61 V4
DFDF 52 &+ O
D+D_ 419 + 22
DFAF 21 + 5
D+AZ 137 + 14
16
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arXiv:1205.0975

Double Charm

= J/yC & CC/CCbar measured @

LHCb in 16 channels Compared with gg —J/4 ¢ ¢ computations:
A.V. Berezhnoy et al., Phys. Rev. D57 (1998) 4385

J.-P. Lansberg, Eur. Phys. J C61 (2009) 693

Mode yield :
T/4D° 1875 £ 86 ¢ W
+ 990 — . Jap bt
J /D 3323+ 71 N .
]/II)DT 328 £+ 22 o TAb A
]/d)i\j' ll() j: l_l ,'| vl vl ;L;A‘m}. 1 ;uu;i.\ 1 lLAlLLLLL L1
DUDV 1087 «+ 37 10 ‘ 10 10 10 10
DD 10080 4= 105 o (b
DD+ 1177 &= 39
DD~ 11224 + 112 _
DD 111 =+ 12 ComparedwithDPS
DD 859 + 31 0
s JUvD
DOAF 41 £8 b X —
DOAZ 308 = 19 b o
DTDT 240 + 19 JWD ol
DD~ 3236 + 61 JpAF
DD 52 4+ 9 N 3 I |
D+D 419 =4 22 —! ' : e
DTAT 21 + 5 10 107
DTAZ 137 4 14 7GIG [mb)
0C1Ca
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Double Charm

= J/yC & CC/CCbar measured @
LHCb in 16 channels

Mode yield
JApDY 4875 4 86
JApD* 3323 £ 71
J D+ 328 + 22
JAPAT 116 £ 14
DYDY 1087 & 37
DD° 10080 #+ 105
DD+ 1177 &4 39
DD~ 11224 + 112
D'DZ 111 =12
DD 859 4 31
DO:\:_ 41 = 8
DA 308 =19
DTD™ 249 + 19
D™D~ 3236 4+ 61
DD 524+ 9
DD 419 4= 22
DTAZ 137 4 14

30.05.2012

|

500 MeV /e

|

dlno

d p}} W

arXiv:1205.0975

Studying the kinematics:
|| 1 1 1 I Ll | | || I 1
_o_-qo— a,) ]
10 _=°_’*’¢ :#—fa =
E T TRl LHCb :
n ﬂi‘ :
% —o—+:f. _
107 _°_+¥# [ + E
— —0— ' 7]
- e JWD° O I ’?+ ]
- = J/\l’ D+ —0— + : -
i JApDF —o—iﬁ:*‘ [
JAbA
107 = AR
- 1 1 1 1 | ! 1 1 1
0 5

Many more channels to explore with
increased statistics and new /s !
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Production

= Decays in J/yp+y->low p;: ~7000
O

challenge!! 6000

= Analyses use photons %000

reconstructed in the calo 3***

or converted (tracker) 23

2000}

CDF: PRL 98 (2007) 232001 3

olr, ) olz,)

ChiCGen: http://projects.hepf
NRQCD: PR D83 (2011) 111505

—
LHCD preliminary
\'s =7 TeV Data 3

v not converted

0=18 MeV/c?

Xc2 ‘

r XC1 ]
000} /\ 3
b J ‘ :

400 600 800
M(u* 1) - M(u* ) (MeVic?)

entries / 4.75 MeV/c?

6( %>y y] [ o( Jy)

arXiv:1202.1080
arXiv:1204.1462

~

600

LHCDb Preliminary
Ns=7TeV L=370pb"

0.45

0.5 0.55 0.6 0.65 0.7

miu® u e*e ) - miu“p) [ GeVic? ]

0 PRPEPS P

LHCb
\s=7TeV

P IPEPEP PR PR R P .

*=*ChiGen

NLO NRQCD
<« LHCb 36 pb™!
CDF 18 pb™

G(Xcl)/O(J/W)
first

measurement

2 4

2r
—  LHCDb Preliminary == LHCb (2011)
1.8 LHCb (2010)
—~ \Ns=7TeV L=370pb’ wip= CDF
1.6— ) chiCGen
- - L) NLONRQCD
1.4= +
- G(Xc2)/
4.2 e R i o s
C 0-(Xcl)
1
0.8
0.6 ¥
- &
04—
02 | 2<y<4.5
0 — | ' 1 1 | ' | 1 ' 1 A L 1 l 1 L ' l 1
2 4 6 8 10 12 14
p,(J/v) [GeVi/c]
_____|
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Conclusions and Outlook

= LHCb produced very many interesting results with datasets 0.04-1
fb-!
= **Many** results are being updated with more luminosity
= Several production measurements will be repeated at 8 TeV
= Very rich program to explore in next future
= Exotic spectroscopy
= Double quarkonium
= Precision measurements, B, physics

x2 I ndf 30.43/34 -

N
«
=]
1

>
2
- o N 3499+ 586
SO oo g LHCb AM 0.4433+ 0.0034 ]
» 200 = c 0.0276 + 0.0043 _|
2 Prellmmary A 5.253e+007 + 34381126 -
e o 18.69 + 3.76 -
i \s = 7 TeV Data a0 26.75+8.82

2010 718+ 217
421741971

10.72+ 7.57 =

150
100

50

0 0.1 0.2 0.3 '0.4 0.2'; 0.6 0.7 0.8 0.9 1
m(upy)-m(up) (GeV)
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