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B-Physics at the LHC

Experiment overview
Rare semileptonic decays




¢ B-decays with muons in the final state are the most promising
« B-Physics programme

¢ Db-bbar inclusive cross-section (first day physics)
¢ angles of the UT

¢ Bq mixing

¢ rare decays

¢ LFV
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¢ Cross section of b-bbar production in LHCb acceptance ~ 230 ub

¢ Luminosity is limited to 2*10*cm>s™! by not focusing the beams
Yy y g
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Efficiency [%] Trigger Menu Efficiency (%)
Process B »utp- | Bt - Hwutu )kt Bl —utuo
Trigger Menu generated events generated events
MUO 97.0+0.1 QA.8+0.1 97.0£0.1
MUsB 93.0=0.1 929401 MUs 93.1+£0.1
2MLUD 67.90.2 BEEL0.2 69.0=+£0.2
2MUe 51.64H0.2 52,9402 53.2+02

LVL2 di-muon trigger seeded by 2 LVL1 Rols

—
b

=
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go.ai—

g°F
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« refit inner detector tracks =
: 0.5 ‘

« decay vertex reconstruction aE —— Measured efficiency

. E —— Fitted function

¢ proper time cut 0.3

o o o 02—

¢ angular distribution cuts E

¢ OQOutput rate <10Hz 05000 10000 15000 20000 ésqlzobp'[;ﬂéoooa
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. : L Threshold Rate ) . . o Threshold
Trigger (]01 Y ]IFH'IIHOSID’) (GeV or GeVic) (kHz) Trigger (h Igh hfﬂﬂf’?ﬂﬂlj"} (GeV or GeVic)

Inclusive isolated muon 14 2.7 Inclusive isolated muon 20

Di-muons 3 00 Di-muons 5

¢« for di-muon trigger: Requiring e.g.:
« opposite charge - displaced
-
Fli):sssﬂ?;ﬁ?y to add an invariant _ | m (uu) . I’}’Z( Bs)| <150
¢ “displaced” di-muon MeV/c?
¢ add requirements on secondary < 1.7 Hz
vertex X? and flight length
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[ T T T T T 1
0.4 Acg(s), theory -

SUSY I1 (C; 0, Cyg> o)

. f \/ USY]I(C -0, G,>0)

BN SM/ \ w4 SUSYI(C,<0)

e
oa [ SUSYLINC>0) - 1_,___:______7;13?3
| I I | Transverse Asymmetry:
: ¥ e (m ) G eVz] 05 1 15 2 25 (asymmetry in the spin amplitude
H M+ - [GeV] of the K*). This asymmetry can be
extracted by fitting:

Forward-Backward Asymme in 0 : T aT

f dr dm qﬂ f{} dfﬂqg @ = 7 sin @y (QFL COS 9;( + (1 — Fp)sin 6’;()
Apr (9} U dsdeosl ' dsdcosﬂ Al T @)
AFRB\ = 5 (1 + {1 — F;_)AT cos2¢ + A,y sin 2@)

I5 ddﬂr dcost) + [° 1dd ~—dcosf dé
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combinatorial backgrounc

« Analysis variables

L]

“

L~

L~

[~

dimuon vertex with X*/NDF<3
dimuon mass in kinematical allowed window excluding J/\Ws areas mwé [mwi?) o]

s-hadron reconstruction with vertex X*/NDF<3, p, and decay length (for long-lived particles) and
mass in m +30

b-hadron vertex with X*/NDF<3
b-hadron mass in m_+30 and proper time > 0.5ps
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« Good sensitivity to forward- 0% oA 0z 03 04 05 06 _ 07

Mg,

backward asymmetry measurements —
S bienalof /M7 7 T4 0%
Number of events 570 540 990

¥ . . ~ v,
overall trigger efficiency ~40% Statistical error 499  43% 399

Arp SM prediction 10%  —14%  —29%
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Forward-Backward Asymmetry

~0.2

=

::. H_ ATLAS statistical
Soak A N errors 6% in this
T 0. area
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*ATLAS expected events after 3 years @ 10°**cms! R L 7 G
*ATLAS MC events generated with SM | H,HJr J : ]
.ATLAS MC events generated Wlth MS SM (C7eﬁr>0) | T [ VR S + .......... A RSRANARN | FHRY R :
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€

~800 events/year expected with Standard Model BR

€

K, vertex reconstruction

¢ x-y position > 40 and < 4.0 cm from beamline
¢ [M(Ks) - Mppg(Kg)| <15 MeV/c 2
¢ No pion track hits inside K vertex

:16% =2 61%

track®

¢ Large benefit from iterative tracking. €

|
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Background

MC sample No. of events per 2fb!
Bd’u—>suu (no K*) 9+3

b—u, b—pu 1050+£250

b—u, c—u 690+180

Total 1770+310

Cut Variable Preselection cut value Selection cut value
B mass window +500MeV/c? +50MeV /¢
B) P, > 250MeV /e > 250MeV /¢
Bg vertex x° < 50 <20
BY Pointing angle < l4lmrad < 22mrad
BYFS - > 6
B sIPS <8 <5
BY Vertex Isolation — 11
K*9(892) mass window +300M eV /c? +100MeV/c?
K*0(892) P, > 300MeV/e > 300MeV/c
K*Y(892) vertex <30 <30
K*(892) FS — > 1
K*Y(892) sIPS > 1.5 > 1.5
K* P > 2000MeV /e 2000MeV /e
K* P 250MeV /e A00MeV /e
K= sIPS > 15 >3

e excluded
mass window

J/¥(15,25) mass rejection
2900 — 3200M eV/c? and
3650 — 3725M eV /¢

jujt vertex \° - < 15
pp flight-distance - > lmm
u= P > 4000MeV /e 4000MeV /e
E P 300MeV /e 500MeV /e
4= sIPS > 0.5 >2.0

Expected signal yield for 2fb-"
7200 + 180(stat.) + 2200 (BR)

|
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hAFB
Entries 0
Mean 5957
RMS 2.41

Example 2 fb!

experiment

;_\

-0.2 Mo, [GeV]

-0.45- o(s )=0.46GeV” Sensitivity
: ’ 2fb! | 10fb!

T ey Al +0.42 +0.16
A,, 0.020:0.008
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Cut variable Preselection cut value | Selection cut value Efficiency,
%
x7p of kaons >4 =125 82
X} p of muons >4 . 89

Xjp of B,-candidate < 50 93
y* of B, decay vertex <25 <12 88
fp < 50 mrad < [0 mrad 93
Mass region for ¢-candidate | < 1.06 GeV/c* +10 MeVi/e? 89
Mass region for B,-candidate | [4.0-8.0] GeV/c* +30 MeV/c? 93
J /1, 10(25) mass rejection [2.9-3.2] GeV/c?, 86
[3.65-3.73] GeVic

bl
=l -‘E-e
U 120 = 45
":,“ L]
ﬁ 100[ = ®
i S st
3 el Z
7 s 7 30-
51 5
- = 5
o eof A
40 15 }
i 10
20F
i i3
L1 I
Y528 53 5.325.34 5.06 5.35 5.4 5.425.44 5.96 % o5 1 15 2 25 3 35 4 45
Mg, [GeV /e My [GeV /e

A, - N°W'U channel under study
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1.000 + 0.001

2
q}ax L drBoXeter) 0.991 + 0.002

ds
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E‘H- 1000 -
G, (10fb1)= 4-6% Mw Ot b e

Bu mass (MeV) Bu mass (MeV)
UK (o) J/K (m) X (o) J/X,(c) Jf() bb (A) Sum (+)

R, under study
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[T e mass
11 5.363 GeV
o 0.067 GeV

M{B_s), MaWw

opfp =
sl §.35% — 0.55%
o b - .
ri9 -= Hi: 5.3854+0.001 GeV
o(M )~ 18 MeV/c? Z 5[0 0.04310.001 GeV
Hi oz IN: - S0 Spring07
300 © 4? B, — 1w
200 3
100 2k
o -
8.1 8.2 63 6.4 5.5 .
O35 54 s 5%
M (ptp ) [GeVie?] - [GeV]
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L]
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pointing angle, rad
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5c sensitivity

3c sensitivity

BG only, 90%CL

el T TTTT

Integrated Luminosity, fb™

= Signal and background yields:
ng=5.7 nz= 14 £10

Same level of signal and background after
the off-line selection.

|
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*N counting experiment:
* Evaluate the expected numbers of events in each
bin of the three dimensional space
e compute CL for exclusion and observation in 3D

Nicola Serra — University and INFN Cagliari
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Red: signal

Blue: bb inc.

Black: b2 u
b2 wu

Green:

Be+ 2 J/Puv
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77 87

Search Windo
1 1

Y

w (60 MeV)

Blué: bb inc.
| Black: b2 u
" b2 wu

At least one particle Y
not from B = hh tree :

» At least one hadron . Bd=>Kmn (0? b -1)

decays before T stations |~ 7 1 ¥ 4
* Rest of B 2hh : Bd = EE(Oﬁfb )

~

—
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: v ~end 2009
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v 3 0 observation if SM
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2T - TB(d,s}l

BR(Bj, —e*p™) = T(Bg, —etp™) —
The branChing ratio 0 _ 2 Fg(d S)mg_g(d 5)R2Fmim
F(Bd,s - E+_;’..‘. } = T (ﬂ'fps) : ﬂiﬁl,
B_,2ecp depends on P
s,d —4/7 —12/23
R _ MBs) as(Mps) s (1)
LQ mass. B my, g (1m) g (my)

Nicola Serra — University and INFN Cagliari
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P (By) :
P (BJ)+2., Py 100}

sof |

Isolation : Iso=

P_(B,)

——

Fo —T
Flight Distance Significance :lo VBV

IP(B, w.r.t. PV )/o

0..

5 10

signal efficiency VS number of
b-bbar—e*u* bg events

Nicola Serra — University and INFN Cagliari
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Channel | Branching ratio | events in 1fb~T | Analyzed events | L (pb™T)
By 6.8 107
BY 173107
bb — e~ L1102 6.8 101 M 2.1
bh— el 111077 6.8 10 5M 2.1
Bi—n'r | 52.10° 35 10° A0k 113
B) - K'n 2107 1410 8k 58
B—K'K- | 25107 43-10° 8k 18
Ay — pr- 211077 1.3-10° 8k 59
Ay, —pK- 78107 3.6+ 10° 8k 2
B, — I 2107 2.10° 101k 18
BT — JJYK 11077 0.7-107 200k 1023
BY — eyt 102k

50" 100 150 200 250 300 350
MesF o TeV)

111101
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LFV 1n T decays
Heavy flavor production measurements




« From heavy-flavored mesons \ _

Meson (M) Des | DT | B° | Bs | BT H
oM =17+ X)folppr+7+X) || 77% | 3% | 9% | 2% | 9%

¢ From heavy bosons olpp = W — T+ v;) = 19nb I a(pp =+ Z° = 77) = 3nb

Roberto Covarelli — University and INFN Perugia
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entries/0.2 GeV

nnnnnnnnnnn

HLT Di- Muon Threshold
HLT Single Muon Threshold

L1 Single Muen Threshold

w

"

LHCD: %% ,

10 12 14 16 18

E HH‘ | \III\H‘ | \HHH‘ | IIIHH‘ [ |

« Lower p_thresholds allow for B-produced T's

o
@
)
S

-

¢ Initial statistics is larger by a factor ~10° - no Drell-Yan contribution estimated yet
¢ Attempt of using also inclusive D _1is in progress...

Roberto Covarelli — University and INFN Perugia
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| Mumber of tracks inside a 0.4 cone around tdirection |

¢« Di-muon invariant mass vetoes

¢ Sum over AR

¢« Additional muon-ID likelihood - g ——

Number of Tracks inside a 0.4 cone aroundt direction

¢ Uses HCAL and ECAL energies, number of muon segments

Roberto Covarelli — University and INFN Perugia
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entries/14 MeV

Fast simulation:
0=17.6 MeV/c?

Full simulation:
0=(23.8+0.6) MeV/c?

T e T8 Y] 155 ; .5 1.6 1.7 1.8 1.9 2.0

21 2.2
PP —— Mowe{ 0w

mass [GeV]

« Result expected (with fast simulation, to be established with full):
BR(T" » WU H) <3.0-108% @ 95% CL MC equivalent

luminosity: 30 fb’!

BaBar: BR(T — 3H) <5.3x 10° @ 90% CL (2007)

Roberto Covarelli — University and INFN Perugia
V Workshop Italiano sulla Fisica p-p ad LHC — January 30 - February 1, 2008 — Perugia (Italy)
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— All 3-u combinations
—— 3-p after P(yx2) cut

Preselection (3u, P(x2)>0.002) —— 3-upassed LO 12z

Entries 73402

« Impact parameter significance IP/o;p > 3 for all muons o s o
» ( Distance between 3u Vitx and primary Vix ) / Error > 3 e
« Z(3w)-Z(Pvtx) > 4 mm 20
* Rxy(between 3u & Pvtx) > 0.1 mm m;-

BR(T - 3u)<7.2x 107 @ 90% CL with 2 fb"
could reach 1.8 x 107 adding D

185 19 195
m(3u) (GeV)

Roberto Covarelli — University and INFN Perugia
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s s 5 1 z2 o . 1
« Cross-section and polarization measurements Pseudorapidity, Inl

¢ Production rate observed at Tevatron not in agreement with Color Singlet mechanism of NRQCD -
disentangling Color Octet contribution is essential

hard g harder g’s softg's
2%5%:::D ¢ lor
0 =" Color » Colo

! octet

perturbatwe non-pertur. Slnglet perturbativel " non-pertur.
— —

Roberto Covarelli — University and INFN Perugia
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Rec_diMuonmass

Mean 3
RMS 0.03756

Entries 19971

Mean=3.11151GeV Sigma=33.6589MeV

2.9 295 3 3.05 3.1 3.15 3.2 3.25 3.3
GeV

0 =34 MeV/c?

ipsi eff vs PT |

T II|HII|IIH|II”‘IIII|HIIIIHIlIIHlIIII[HII

=)
1]

10

15

20

30

35

L

40

a5 50
PT (GeV)

e
o W

Efficiency
after L1

Efficiency
after HLT
at different

muon p,
thresholds,
(up to 3 GeV,
affordable at
startup
luminosity)

Roberto Covarelli — University and INFN Perugia
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Reco Jiy activity: 20 GeV < P!" <40 Gev |

—*— Qclet high
— — Octel madium
—&— Octel low

 N(R+dR/2)—N(R—dR/2)
 7w[(R+dR/2)?2—(R—dR/2)?]

Mon-prompt Jhy
Prompt Jiy: singlet + octel high

# Events
o,

O Fit of prompt-non prompt J/Y fractions using e.g.
transverse decay length, in bins of P /%"

« OK for low P /¥

 Still limited by MonteCarlo background statistic for high
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GeV) within a cone around the muon: total rate ~1.4 kHz

« compute the relative transverse momentum of the muon track to the associated jet
axis: the fraction of b events within the triggered sample 1s well reproduced
(check with MC truth)

« Both strategies lead to good results:

¢ inclusive b selections based on J/P and based on semileptonic decays are possible

¢ ameasurement of the inclusive b-bbar cross section is possible with early ATLAS
data
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* Using exclusive channels with very well known branching ratio:

B*—J/Y K* (uncertainty ~3.5%)

B°—J/P K° (uncertainty ~3.8%)
Expected ~100K reconstructed per year
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ASYmMmeEtries 1 rarc SSmilcptonic decays can o€ measurcc

¢ Other interesting limits concerning LFV (B — el, T —» 31) can be
established

L &

b-bbar inclusive cross section will be measured by the three experiments 1n
different N regions
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