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LAL-Tsinghua Collaboration

@ Collaboration between the LHCb groups of LAL (Orsay) and
Tsinghua University (Beijing) started end of 2004, support from
FCPPL in 2007.

@ Collaboration members
» LAL
* Marie-Héléne SCHUNE
* Patrick ROBBE
* Sergey BARSUK
* Jibo HE (Post-doc)
* Wenbin QIAN (Joint PhD student, embassy grant, about to finish)
» Tsinghua
* Yuanning GAO
* ZhenWei YANG
Wenbin QIAN (Joint PhD student, embassy grant, about to finish)
* Bo LIU (about to join)

@ Supported / backed up by theorists from China and France.

*
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Exchanges

@ Visits
» 12/2009 Y. Gao visited LAL
» 05/2009 M-H Schune and P. Robbe visited Tsinghua
10/2008 Y. Gao visited LAL
10/2007 Y. Gao visited LAL
05/2007 J. He visited LAL
03/2006 P. Robbe visited Tsinghua
» 12/2005 Y. Gao visited LAL

@ Exchanges of PhD student and post-doc

» 09/2008 J. He became a post-doc at LAL
» 07/2007 W.Qian became a joint PhD student

@ Regular phone/video meeting

v

v v vy

@ Discussions in the LHCb weeks
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Topics and outputs

@ Topics, focus on the (very) early physics at LHCb

» J/y production
» B¢ physics

@ Outputs
» Journal papers

* Phys. Rev. D 80, 114031 (2009), in collaboration with

S. Descotes-Genon (LPT, Orsay) and E. Kou (LAL).
» Conference talks (on benalf of the LHCb collaboration)

* 02/2010, Prospects for quarkonium studies at LHCb, P. Robbe on
Quarkonium Production at the LHC workshop.

* 02/2010, Heavy Quarkonia Studies at LHCb, J. He on ReteQuarkonii
Thematic Day.

* 09/2009, LHCb Production: Onia, Cross Section, Correlations, Y.
Gao on Beauty 2009.

* 07/2009, B; mass and lifetime at LHCb, W. Qian on The 2009
Europhysics Conference on High Energy Physics (HEP 2009).

* 04/2009, Measurement of B, mass and lifetime at LHCb, J. He on
DIS 2009.
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Topics and outputs (cont.)

@ Outputs (cont.)
» LHCb public notes

* One on J/y, LHCb-PUB-2010-011
* Two on B;, CERN-LHCb-2008-059, CERN-LHCb-2008-077

» LHCb internal notes
* One on B;, CERN-LHCb-2009-017
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The LHCb detector

T3 RICH2
~ 1112

5m 10m 15m 20m z

(Geometry acceptance] (15-300) mrad; 1.9< 1 < 4.9
(Vertex Locator) Gpy xjy ~ 10 M, Gpy., ~ 60 um; 6, ~ 250 um

- Warm magnet, ~ 4 Tm.

[Tracking system m, n.Ts)] Ap/p: 0.35%-0.55%, om:12-25 MeV/c?
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The LHCb detector (cont.)

T3 RICH2
112

5m 10m 15m

(RICH1 & RICH2)

(K — K) ~ 95%, mis-ID rate (n — K) ~ 5%

[Muon system (M1-M5)J e(u — p) ~94%, mis-ID rate (x — u) ~ 3%
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The LHCDb trigger system

@ Level-0 Trigger (Hardware)
> High pr u.e,v, hadron candidates
|had |p| pu [e | y | a°
pr>(GeV) [ 35 [ 1 [ >15]26 |23 |45
» Efficiency: Muon (90%), Electromagnetic (70%), Hadronic (50%)
@ High Level Trigger (Software)

> H LT1 . Check LO candidate with more complete info, add impact parameters and lifetime cuts

» HLT2: Global event reconstruction + selections (inclusive or exclusive)
» Efficiency: Muon (80%), Electromagnetic (60%), Hadronic (80%)

HLT1 HLT2

B — p(h)X

PT— M # pp-alley

%w2kHz

-f' < ;pff2 pth-alley

< 1000 kHz

Ep-hadron hadron-alley

electron-alley

B — 71X, #X, DX

Ep-electron

0

Lumi-alley Exclusives

Ep—q, @

Y.

Random
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The LHCDb status

@ The LHCb detector is fully installed. First data at /s =900 GeV
recorded, analysis ongoing.

@ Very preliminary Kg and A mass distributions, real data!

‘ m_.. (LHCb 2009 data, preliminary) ‘

m.... (LHCb 2009 data, preliminary) ‘

> Integral 2045

2 L

=250 72/ ndt 121.65/95 2 Integral 1019

S C }\ Prob 0034031 = go| 2/ nef 137.5/95

k] constant 17.704 +1.347 G Prob 0.0028713

200/ slope  -0.025753+0.002561 £ constant  1.4664 + 0.0619

2 - .34 0.

T Noigoat 1079.6 = 35.3 2 8 l':'sreshold 1075‘3 0.9

3 497.34:0.15 2 ignal 257.61+19.43
4.3373+0.1396 8 1115.6+ 0.1

1.3985 + 0.1323

60
a0l
20—
[ b
foa~ 25 2 S0 560 600 : AR 4] Lo
o @ w0 w0 50 620 s 5 o MeV] Besioe D ot T g a T 0 T

— 2
Mg = 497.3+0.2(stat.) MeV/c My = 1115.6 +0.1(stat.) MeV/c?
Om = 4.3+0.1(stat.) MeV/c? Om=1.4+0.1(stat.) MeV/c?

MPDG = 497.7 MeV/c? MRPS =1115.7 MeV/c?

@ Accumulating data at /s =7 TeV, analysis started.
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J/y production: motivation

@ Underlying production mechanism of J/w not understood yet.

» LO color octet mechanism (COM) can describe the pr spectrum
and cross section of the J/y produced at Tevatron, but can not
explain the polarization, NLO doesn’t help.

» The other models, e.g., color evaporation model, kr factorization,
soft color interaction model can not describe the cross section and
polarization simultaneously, either.

» New measurements at the LHCb experiment (higher energy,
special n coverage) will help resolve this issue.

@ Large cross section and clear J/y — utu~ signal
» J/w crucial for detector alignment, calibration, u-ID and tracking
efficiencies measurements, and so on.
» The measurements of the cross sections of the prompt J/y and
the J/y from b decays are important for later analysis in LHCb,
e.g., absolute branching fraction measurements, assess event
yields.
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J/y selection

@ Selection studied with the simulated minimum bias events
(including all backgrounds)
» Loose u ID selection, loose cuts on pr(u®), u* and = coming
from a common vertex, at least one reconstructed primary vertex
@ Very good mass resolution: ~11 MeV/c?.
@ Expect about 1.3 M reconstructed J/y from 1 pb~" of data at
Vs=14TeV, S/B=17.3+2.3 in £30 mass window.
@ Or about 0.56 M /pb~" reconstructed J/y at /s =7 TeV.

CBalpha= 1.78 £0.22 '
CB mass = 3.09613 + 0.00041 GeV/c
CBn= 146 +0.66 =
CBres = 0.01117 + 0.00037 GeV/c> =]
nbkg = 821 +45 3
nsig = 1154 +49

p0 = -0.2389 + 0.012 GeV/c?

LHCb MC
Minimum bias (14 TeV)

300

250

200

150

Events / ( 0.008001 GeV/c 2)

100
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pres et had

2.7 2.8 2.9 3 31 32 33 3.4 )
invariant mass of J/ ) (GeV/c?)
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Separation of prompt J/y from b — J/y

@ Pseudo-lifetime t, u
w
az
;= v m‘j/"’
Pz z
Primary vertex
@ Simple approximation of b lifetime
53 A LHCb MC —— b decay time
% —4— b decay time in z position|
I%” 10* ? 1 —#— discriminate variable t,
10 ?
£ M it
2 4 6 8 1‘0 12 1‘4
t,/ps
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t, distribution

@ {, distribution has four components
» Prompt J/v, peak at 0, Gaussian
» J/v from b decays, Exponential convoluted with Gaussian
» Background distribution, estimated from mass sidebands
» Long tail due to association to wrong primary vertex, measured
using the J/y vertex and the PV in different event

Tail
LHCb MC [ raitpart
Inclusive J/y (14 TeV) Il Prompt a/u part
e J/yfrom b component
all )iy

number of events

14
t,/ps
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J/y cross section measurement

@ Measurement in bins of pr and 1
» 7 bins for pr 0-7 GeV/c, 4 bins for n 3-5

@ Combined mass and lifetime fit used to extract number of prompt
J/y and J/y from b decays

@ Reconstruction, selection and trigger efficiencies estimated using
Monte Carlo
@ Full procedure tested on a Monte Carlo sample corresponding to
08 pb_1 @ 14 TeV Only binning in pr, because of small Monte Carlo statistics
» Signal: inclusive J/y MC sample
» Background: toy Monte Carlo reproducing behavior (mass and
pseudo-lifetime) seen on MC Minimum bias sample.
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J/y cross section measurement (cont.)

@ Results (pr in range 0-7 GeV, two u in LHCb acceptance)

> G(prompt J/y) x B(J/y — utu
2597 + 12(stat.) £ 24(efficiency) n

» o(J/y from b) x B(J/y — utu~)=
161 +4(stat.) £ 2(efficiency) nb (input: 153 nb)

@ Statistical error < 10% in each (pr,n) bin, for 5 pb~" of data at
Vs=7TeV.
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Systematics by J/y polarization
@ Polarization, using helicity frame. Will also use Ildy
Gottfried-Jackson (GJ) and Collins-Soper (CS) !

frames, as suggested. Q vt fame

> dg(i\sle o< 14 (XCOSZG; (a =1, Transverse; a = —1, Longitudinal)

@ LHCb acceptance generates an artificial polarization

M
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Systematics by J/y polarization (cont.)

@ Tevatron measurements disagree with theoretical predictions
@ Systematic error up to 22% if ignoring polarization

Measured o [nb]

assuming o =0 Discrepancy

Input @ | Input o [nb]

0 2820 2758 +27 —
+1m 3190 2738+27 -14%
1o 2286 2787 +28 +22%

@ Work done on measuring polarization and cross section
simultaneously, finalizing...
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Other systematics

@ Other systematics (partial list)
» Dominated by the integrated luminosity.

Source Approximate value
Integrated luminosity ~ 10%
By —putu) 1%

Fit function (prompt J/y only) 2%

Event loss outside the mass window 2%

Monte Carlo matching 1%
Magnetic field effects 1%
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Charmonium — pp

@ This work is done in collaboration with B. Viaud and E. Kou.

@ Simultaneous studies of Charmonium — pp

ct mesons | Mass [MeV/c?] P(cc — pp)
n:(15) 2980.3+1.2 (1.3+£0.4)x 1073
J/w(1S) | 3096.916+0.011 | (2.17+0.07) x 1073
20(1P) | 3414.754+0.31 | (2.154+0.19) x 104
2c1(1P) | 3510.6640.07 (6.6-£0.5)x 1075
h:(1P) | 3525.93+0.27 not seen
2c2(1P) | 3556.2040.09 (6.7+£0.5)x 1075
nc(2S) 3637 +4 not seen
w(2S) | 3686.09+0.04 | (2.7440.02)x10~*

@ Possible to observe h:(1P) — pp with 2010 data

» B(h:(1P) — pp) = (1.20£0.25) x 103, estimated by E. Kou,
consistent with (arxiv:1004.04961: (1.52 — 1.93) x 10-3.

@ Then measure Gf’ﬁiiiﬁﬁﬁﬁﬁ@bw ete.

» Theoretically interesting. E.g., Ry, = 6(xc2)/0(Xc1),
0.75=0.03(stat) 0.03(syst) +0.04(8F) measured by CDF (prL 9s,232001(2007) While
heavy quark spin symmetry predicts 5/3, new NLO calculation
[arXiv:1002.3987].
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Charmonium — pp (cont.)

@ Event selections developed, mass resolutions about 10 MeV/c?.

» Mass distribution for 100 pb~" at /s =10 TeV, assuming
o(he(1P)) similar to o(J/v), Z(he(1P) — pp) ~ 0.12%

x10°

< LHCb Signal Monte Carlo +

700 Toy MC (10 TeV)

600

500

400

300

200 JIW
Xco h,
b Jr[’llL xc1 xcz
0 ! I ! v I 4,
31 3.2 3.3 34 35 3.6
@ Trigger efficiencies being improved M(pP) [GeV/c?]

> LO, eLo/sel = (997:|:007)%

> H|t1, ngtl/(Sel&LO) = (1 14i05)%

> H|t2, 8H1t2/(sel&L0&Hlt]) = (1 7.1+1 6)% — (894:t 1 3)% after
implementing a dedicated HIt2 line for these channels.
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B¢ spectrum and decays

7600 (5727388 7565 7571 7568

@ B spectrum B e
praso 7272 T2 1260 726 i
» Estimated using potential models = 7% f N e s
688 7036
° Bg— mass ‘2; 6800 fﬂ;m o750 6168
> Potential models: 6.2-6.4 GeV/c® £
> pQCD: 63262° MeV/c? 6400 f, 35 B, Mass Spectrum
» Lattice QCD: 6278(6)(4) MeV/c? 6000 1
1 3 3 3 3 3 3 3
’ Sy 'S, Py P, P, D, D, Dy °F, F; °F,
@ B.; mesons’ decays P

» Excited states (below BD threshold), decay through the Strong or
EM interactions into B¢
» Ground state Bg: decay only weakly
@ B/ decay modes
» b—cWt, eq., J/yrt, J/yttv,
» ¢c—sW+,eq., Bizt, B+,
» cb— W, eg., KOKT, oKT, ttv,
@ B lifetime predictions
» Inclusive rates or Y (exclusive rates)
» 7(B{)sr = 0.4840.05 ps
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B¢ production

@ B production

b
C
» At hadron colliders, B; generated mainly .
through gg — B;+b+¢C
@ B{ production rate b
» Theoretical prediction (phys. Rev. D 71, 074012 (2005)]
- [("So)1) 1CS1)1) [("S0)sg) ICS1)sg)  [("P)1)  1CPo)1) ICP1)1)  ICP2)1)
LHC 7141 177. (0.357, 3.21) (1.58, 14.2) 9.12 3.29 7.38 20.4
TEVATRON 5.50 13.4 (0.0284, 0.256) (0.129, 1.16) 0.655 0.256 0.560 1.35
*x 6(38y)/0('Sp) ~ 2.5
* Color octets and 1st P-wave contributions are small
* G(B;)LHC/G(B(—;)Tevatron ~ 0(1 0)
» 0(2S)/0(1S) would be |F:’23(O)/R13(0)\2 ~ 0.6
» Considering the contributions of the decays of these states,
o(Bf) ~0.9 ub for /s=14TeV, or 0.4 ub for /s =7 TeV.
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Experimental status

@ Only Bf — J/y(u*tu~)X studied

Collab. Zu [pb~'] Mode Signal event  Mass [MeV/c?] Lifetime [ps]
CDF 110 Jjytty 204782 6400 +390+130  0.467018+0.03
DO 210 J/wptX 95+12+11  5950730+340  0.45%018+0.12
CDF 360 J/yrt 146+4.6 62857+53+1.2 —

CDF 360 J/yetve 238 — 0.46370973+0.036
CDF 2400  J/ymt 108+£15  6275.6+2.9+25 —

DO 1300  J/yxt 5412 6300+ 14+5 —

DO 1300  J/yutX  881£80 — 0.44870938 +0.032
CDF 1000  J/yety — — 0.47570 025 £0.018

@ Only production cross section times branching ratio of Bf — J/yutv,
relative to Bt — J/wK* measured by CDF (1 fo~1)

_ o(BE) x A(BE — J/yutv)

~ o(BY)x #(Bt — J/wKT) (1)
=0.227+ 0.033(stat.)f8:8$;‘(syst.) +0.014(pr spectrum)

for pr(Bg) > 6 GeV/c and |y| < 1.

Ky
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More on production rate

@ From experimental measurements
» For the positive charge B+, CDF measured:
og+(pr >6.0GeV/c, |y| <1)=2.78+0.24 ub
= og+(pr>6.0GeV/c, ly| <1)x B(BT — J/yKT) =
(2.80+0.22) x 103 ub
» For the positive charge B :
[0(BS) x #(BS — J/yutvy)]
@ Theoretical predictions
» 6(Bf)=0.073 ub at \/s = 1.96 TeV
BB — J/yutvy)=1.9%
Fast simulation, e(pr > 6.0 GeV/c, |y| < 1) ~23%
» For the positive charge B :
[0(BE) x B(BE — J/ W Vi) ooy = 016 x 1072 11b
» 3.60 smaller than experimental value before considering
theoretical uncertainties eur. phys. J. ¢ 38, 267 (2004).
@ Would be interesting to measure production cross section to
clarify whether theoretical prediction can describe experimental
measurements.
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Be — J/y(ptu )t

@ Main issue: large background (reminder: 6(BZ) ~ 0.4 ub @ 7 TeV)
» Real J/y + & from fragmentation or from b decays
* Prompt J/y (cross section: ~ 100 ub)
* b— J/yX (cross section: O(10) ub)
» Combinatorial J/y + & from fragmentation or from b decays
* Inclusive bb (cross section: ~ 460 ub)
@ Besides a tighter J/y selection, pr(x) and lifetime cuts applied to
suppress prompt backgrounds.
@ Expect about 310 reconstructed B — J/y(u*u~)x" signal events
from 1 fb~" of data at /s = 7 TeV, with B/S ~[1,2] @ 90% CL,
assuming oi(B3) = 0.4 ub and B(B; — J/yn*) = 0.13%.
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B/ mass and lifetime measurement

@ Mass measurement
» Statistical uncertainty: +1.7 (stat.) MeV/C? (CoF: 2.9 (stat) + 2.5 (syst) MeVic?)

Events / (6 MeV/c?)

©
o

o]
o

~
(=]

D
o

a
o

40
30
20
10

TP T
pE S
<

E LHCb MC (14 TeV) —— Data

E Signal MC + Toy MC — Total

N | Signal

E Backgrounds

0

@ Lifetime measurement
» Statistical uncertainty: £27 (stat.) fs. (po: s (stat) = 32 (syst) fs)
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B¢ — J/y(utu)utv, event selection

@ Bf —J/y(utu)utvy,, comparedto Bf — J/ynt
» Pro

* Larger branching ratio, ~1.9%. Possible to measure lifetime and
production cross section with early data.

* 3 u in the final states, easier (relatively) to reduce background
Lifetime unbiased selection would be possible

» Contra
* Missing energy caused by neutrino, partially reconstructed. Not easy
to use MC-free method to estimate background.
@ Besides a tighter J/y selection, a tight pr cut (> 3 GeV/c)
applied on the bachelor u.

@ Expect about 4.7 K reconstructed B — J/y(utu~)utv, from 1
fo~! of data @ /s =7 TeV, with B/S~ [6,11] @ 90% CL.
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Background components determination

@ J/yu combination, four possibilities:
11,10, 01, 00 (1: real, O: fake) (cor note 9294
@ Fake J/y (01,00)
» Data Driven, estimated from J/y sidebands.
» After removing this kind of background, we have real J/y + track
identified as u (using PID,,).
@ Fake lepton (10)
» Data Driven, estimated from J/y + track sample (PID,,
requirements removed).
* Dt — DO(ntK™)nd, A— ptn~, K3 — nta~ studied to measure
the mis-ID rates of (7,K,p) — u, as a function of (p,n).
» After removing this background further, we have real J/y + real u.
@ bb (11)
» Monte Carlo
@ Prompt J/y (11)

» Data Driven, fraction floating in the lifetime fit
@ Almost finished, finalizing...
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Nonleptonic charmless B. decays

o This study is done in collaboration with ~~~ - " -~ g
S. Descotes-Genon and E. Kou. ST . g
@ One possible channel is Bf — K*OK*, a5

with branching ratio of O(10~6).
@ Mass resolutions

I = 47.6+ 1.0 MeV/c? M= 6398.92+0.21 MeV/c?
:\ Foz - W= 89537+ 0.29 MeV/c? :\ = 5 0,= 19.44+0.47 MeVic?
© 800 X’Indf. 1.53 o= 8.1+ 12 MeVic? o r On=28.28MeVic 0,= 43.6+ 2.7 MeV/c?
N [LHCb MG 310001~ xndf: 0.88 f,= 0.723+0.033
= [Signalonl 2 | LHCbMC
< < :
Z e00-(14 TeV) =t Signalonly
2 [ 3 | (1aTev)
£ £
£ 400l g T
& 400 @ 500
200|
1000 6. 6500 00
M(K'TT") [MeV/c?] MK 0 K*")[MeVic?]

@ Expect a few reconstructed events, Multi-variate analysis will be
used to search these channels.
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Other ongoing studies

@ Hlt2 line implemented for B — J/wrt,J/wu* X, keep tuning
with real data.
e Bt — J/IVKJr
» Control channel for B — J/yn*,J/yut X, and other hot
channels like B — utu=, B — J/y(utu")¢p(KtK™).
» Studying B* mass, lifetime and production cross section
measurements using this channel.
@ Bf — Bnt with B — J/y(utu - )o(KTK™)
» Expect about 100 reconstructed signal events from 1 fo~' of data
at/s=14TeV.
@ B excited states
» Byt — Bgyis difficult, AM = M(B;") — M(BZ) only 60-70 MeVc?,
Y is too soft to observe.
» B(2'Syg) — Bfntm—,and B.(28Sy) — By ntn — (Bfy)ntn.
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Summary

@ The project is healthy and productive.

@ Ready for the first measurements of the prompt J/y and bb
production cross sections.

@ Then the measurements of Charmonium — pp,
Bf — J/y(utu")utv, and B — J/y(utu)xt will be
performed.

@ Other studies, e.g., nonleptonic charmless B, decays,
Bf — Bzt with BY — J/y(utu~)¢(K+tK™), and B, excited
states will follow.

@ Supports from FCPPL very helpful and highly acknowledged!
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