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Outline

LHCb
e Search for New Physics at LHCb
e LHCb detector

Bs — J/v

® CP violating phase ¢s

® |ngredients for ¢s measurement

® Selection

® Proper time resolution and acceptance

® Angular analysis (including angular acceptance)
® Tagging

® Mixing: Ams

® ¢, Results

Other channels
o B, — Jjuh
e B, — pp, B; — K*K*
o B, > KTK~
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Search for New Physics at LHCb

e Search for New Physics (NP) in LHCb by making precision
measurements in loop-mediated processes
e Indirect search for NP via

e Rare decays
e CP violation

Penguin diagrams

Box diagrams

* Bs — pp
L4 Bs_>J/"/“P e B. » K*K*
e B, — J/yh | . B IR
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The LHCb detector

LHCb is one of the 4 large LHC experiments

Single arm forward spectrometer: 1.9 < 7 < 4.9

Dedicated to heavy flavour physics:
e Dimensions: 20m x 10m x 10m

Muon chambers
Trigger + u ID

RICH system
p. K x ID

VELO
Precise vertexing

Interaction point

Dipole magnet
4Tm

Tracking stations
momentum

HCAL, ECAL and Presh /SPD
Trigger + y/e energy and ID
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LHCb performance
Lumi levelling
e LHCb reconstruction and trigger efficiency sensitive to pile-up
e LHC beams displaced at LHCb interaction point

e Lumi levelling: Beam displacement reduced during fill

v
Integrated luminosity
e 2010: ~37pb~!: Results in this talk are from this dataset
e 2011: ~620pb~1!
e On schedule for 1fb~! at the end of 2011 )
[ LHCb Integrated Lumi over Fill Number at 3.5TeV | [2011-06:09 18:53:09 |
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CP violating phase ¢s in Bs — J/¢ ¢

e Final state J/1 ¢ accessible to both B; and Bj: Interference
between decays with and without mixing B? L,J/QM,

o Interference measured through weak phase ¢s: j
is th f mixi h dd h
® ¢ is the sum of mixing phase and decay phase o 50 L bo
Decay phase

Mixing phase: (bccs arg( Vcb Vg;) ~0
o oaM = arg (Vi V)2 = =235 + small penguin contribution
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CP violating phase ¢s in Bs — J/¢ ¢

e Final state J/1v ¢ accessible to both B and B.: Interference

between decays with and without mixing BY —*J/W)
o Interference measured through weak phase ¢,:
® ¢ is the sum of mixing phase and decay phase 5
5 b
b

e New Physics (NP) models could enhance ¢
o bs— @M+ Ao

e ¢ weakly constrained by experiments

e Tevatron results show hints for SM deviation
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How to measure ¢s7
CP assymetry

o If the final state is a CP eigenstate with eigenvalue 7¢, the CP
assymetry is defined as

N(B — f)— N(B — f) L
NGB 7)1 NB =7 ~ 1 sin ¢g sin(Amgt)

A(_‘p =

e Ams is the B; — B, mixing frequency

Requirements to measure Acp
o Need tagging information
e Need to disentangle CP even and CP odd states with angular
analysis
o Detector effects dilute the CP assymetry:
e Proper time resolution (o)
e Mistag probability (w)
Acp ~ (1 — 2w) exp(—0.5Am252) ¢ sin ¢s sin(Amst)
e Strength of LHCb: good proper time resolution and tagging power
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Ingredients for the ¢ analysis at LHCb

Selection and lifetime measurements
o Define common J/1X selection

o Measure lifetimes J/1X channels

Angular analysis to disentangle different CP eigenstates

e Control channel By — J/¢YK*

Tagging and mixing
e Determine the initial flavour of the B meson

e Measure mixing frequency Am

¢s measurement

e Physics parameters:

(r7 Ar(: Mo — rH)’ |A0|27 |A|| |2’ |A5|27 5||7 01,05, ¢s, A'775)
o Observables: (t, mg,cos,cosb, ¢, q,w)
e Simultaneous fit to all observables

Daan van Eijk Search for CP violation in the Bs — B system with LHCb



Selection

Events /(0005 GeVic?)

e Similar selection for all J/¢¥X channels
e Cuts on kinematical, track and vertex quality variables
e In the fit we cut at t > 0.3 ps to suppress prompt background
e Good mass resolutions, low background levels
o Trigger
e Single and Dimuon triggers without IP cut: proper time unbiased
v
Bt — J/p KT By — J/ K* Bs = J/Y o
Naig = 6741 + 85 Ngig = 2668 + 58
om = 10.7 MeV om = 8MeV om = 7MeV
3 g 3 g :
:::: E=7Tov O g 3 [ &= 7TovDet g b 7 TovDuta
N3 36 pb~* S F 1 36pb H 36pb~*
N NI R ‘“"* i =

LHCb preliminary: LHCb-Conf-2011-01
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Lifetime measurements

o All channels fitted with single exponential
e Proper time resolution model from prompt events:
e Triple Gaussian: effective resolution < o; > = 50fs
e Add events from proper time biased trigger lines
e Determine proper time acceptance from overlap between unbiased
and biased events )

I

LHCb Preliminary
NG =7Tev, L =36 pb'

LHCb preliminary: LHCb-Conf-2011-01

Bt — J/y K* By — J/¥ K* o— B, — J/Yep
LHCb: 7 = 1.680 £ 0.022 £ 0.047 LHCb: 7 = 1.512 £ 0.032 £ 0.042 LHCb: 7 = 1.447 -£ 0.064 £ 0.056
PDG: 7 = 1.638 = 0.011 PDG: 7 = 1.525 4 0.009 PDG: 7 = 1.477 + 0.046

LHCb.
Preliminary
a=7Tevota

LHCb
Prefiminary
a=7Tov0os

NCT AN

AL
1y K proper time (ps)
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LHCb
Preliminary
E=7Tov Dma

Events /(025 ps )

Events /(025 ps )

1o proper time (ps)

0 2
Jy K* proper iime (ps)
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Angular analysis
Spin states
e B is spin 0, decays to J/1 (spin 1) and ¢ (spin 1)
o Different orbital angular momentum configurations from spin
conservation
e B, — J/¢ ¢is admixture of CP even and odd states
o CPlJ/9p) = (~1)"|J/P )

° and states are CP even, is CP odd

Transversity basis
Three transversity amplitudes
e CP even: and Ag, CP odd:

o Use transversity angular distributions (v, 8, ¢) to statistically
disentangle CP even and CP odd components

i~ Oy ut
TN '
7777777777777 — - N Ly .
Ytr KtK~ Bs = i AN
I y
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Angular analysis: Control channel By — J/¢YK*
Angular acceptance correction
o Correct for angular acceptance using MC

e Angular acceptance due to pr cuts (implicit or explicit)

Results

e Projections on transversity angles

events/0.2

events/(0.628 rad)

1

EY 05 0 05 1 2 o 2
cos §  [rad]

e Km S-wave component included (5% = 2%)

1
cos

[ Parameter | LHCb: result & stat. &+ syst. | BaBar: result £ stat. + syst. |

[A 12 0.252 + 0.020 + 0.016 0.211 + 0.010 + 0.006
|AL | 0.178 £0.022 £ 0.017 0.233 £ 0.010 £ 0.005
9 —2.87£0.11+£0.10 —2.93 +£0.08 £ 0.04
01 3.02+0.10 £ 0.07 2.91 £0.05+0.03
LHCb preliminary: LHCb-Conf-2011-02 BaBar: hep-ex/0607081v1
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AT from untagged Bs — J/1 ¢ analysis

o Al =T, — 'y (lifetimes of the light and heavy Bs states)
e B, =p|Bs)+q|Bs) , Bsu=p|Bs)—q|Bs)

e Fit B; — J/v ¢ events without tagging information

e Set ps =0

LHCb preliminary
\s=7TeV, L=36 pb’

events 0.05
T T

\s=7TeV, L=36 pb’

+LHCI: preliminary %y(;l;p‘;elli_maigaré‘
[s=7TeV, L=36 pi

T
.
4
—+

T P DU T B i EL L L , L L L
08 06 04 02 0 02 04 06 08 E -
cos 0

2 3
o lrad]

—— data LHCb preliminary: LHCb-Conf-2011-02
2 I e e [ Parameter [ result & stat. £ syst. |
S preliminary
H VSTV, L6 o T (ps—T) [ 0.679 & 0.036 + 0.027
: —— conph oo AT (ps— ') | 0.077 £0.119 £ 0.021
|Ao|? 0.528 + 0.040 + 0.028
T |A L2 0.263 + 0.056 + 0.014
ki w‘ 5y 3.14 4+ 0.52 +0.13
LTy CDF (5.2fb~!): Al = 0.075 4 0.035 4 0.010 ps~*
proper time t [ps] (CDF/ANAL/BOTTOM/PUBLIC/10206)
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Tagging
e To measure mixing parameters such as Ams one needs information
on the flavor of the produced B meson
o Indicated by tag decision ¢ = +1, with per-event mistag probability
wj

e Two types: Opposite Side Tagger (OS) and Same Side Tagger (SS)

same side
pion tagger

Same side

proton proton

vertex-charge tagger

Opposite side \‘\,\lrom inclusive vertexing

opposite B

opposite kaon
tagger (K-)

lepton taggers
(e, w) from b-quark
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Tagging power

e Sensitivity of a CP asymmetry directly related to the effective
tagging power €eff = €tagD? = €tag(l — 2w)?

e Tagging power represents the effective statistical reduction of the
sample size

e With 2010 statistics, SS tagger not calibrated yet
e Use OS tagger only!

e For B —» J/Yp: wegr = 32% + 2%

e Tagging power ¢D? = 2.2% =+ 0.5%

e Will improve when including SS tagger!
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Am, measurement

o 4 decays:
e B; — Di(om)m (515 £ 25)
e B, — Dy(K*K)r (338 +27)
o B, — DJ(KKm)r (283 +27)
o B, — DJ(KKm)3m (245 + 46)

e 2D (t, m) unbinned simultaneous fit to 4 samples
e LHCb preliminary: Ams = 17.63 + 0.11 (stat.) & 0.04 (syst.) ps*

(LHCb-Conf-2011-05)

e CDF: Ams = 17.77 £ 0.10 (stat.) =& 0.07 (syst.) ps™' (hep-ex/0609040v1)

LHCb preliminary
Ns=7TeV

L L
5 o
S o R
<

0.4fF
36pb! LHCb preliminary 4
°F E! 08F 36 pb
L -0.8F \Vs=7TeV 3
[ Il L L L L L Il
166 168 17 172 174 176 178 18 182 - L
Am,[ps'] ) 0.1

s
0.2 0.3
t modulo 21/ A m, [ps]
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¢s results

e No meaningful point estimates with 2010 statistics
e Confidence contours with Feldman-Cousins method

e Systematic effects much smaller than statistical effects

[ LHCb Preliminary i N
-0 s=7 TeV, L=36 pb' f / “
0.4F i &

0.2—68.39
.2—68:3

[ 90%
o[_95%

AT, [ps]
o
(=2}

1
o, [rad]

¢s € [-2.7,—0.5] at 68 % CL J

SM p-value: 22% (~1.20)

LHCb preliminary: LHCb-Conf-2011-06
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(s prospects

e Analysis for 10 times more data being refereed as we speak
e Between 350 and 400 pb~!
o Preview for 280 pb~! below
v

e Toy with 2010 fit results as input, assuming identical LHCb

performance
e Expect world best measurement soon!

v

Q1400 L L R B “
% C ] IE L
31200 LHCb Preliminary ] 06— | HCb 400pb™ Toy Monte Carlo
3 F \8=7TeV, L =280 pb ] oal
1000 Niggna = 5502.3 77.9 ] T :2;,/3:%
@ r 6 =7.05 0.09 MeV/é ] 02 95% [\

800— — L \

5 B 0 —

600: ] @) x

400— — 021~ N

200} { -04; SM

Rormasvymsrapenpat®hy ) . 0.6
5300 5350 5400 545 L T L Lol L. i 1.
My o [Mev/(‘:)*] 4 3 2 E] 0 1
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Other channels: ¢s from By — J /1 f

75(980) is a bound s3 state, just like ¢

Smaller BR than B; — J/¢ ¢

Big advantage: J/9fy is a CP odd eigenstate, not an admixture as
in Bs — J/¢ ¢

No angular analysis needed!

¢s measurement in Bs — J/1fy soon, first observation: (axi.1102.020612)

v

4F LHCb ' ' '
35§_ \'s =7 TeV Data Nsig =111+14
aof- @) [ 12.80 sign.

BO—Jhynn

Events/(5 MeV)

T - s;oo ’ . ;r._;&o

m(ptuntn) (MeV)
[(Bs — J/ifo,fo -7 m7)) 0.950+0.046+0.027
[(Bs — J/Yp, 0 — KtKT)) 777003270033

Rese =
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Evidence for B,

Events / ( 3.5 MeV/c?)

M(3/@,K, 1) (MeV/c?)

Can help control penguin contributions in Bs — J/v ¢

See for example Faller, Fleischer and Mannel: arXiv:0810.4248v1
For 36 pb~1: B(Bs — J/¢K*) = (3.5715(stat.) £ 0.9(syst.)) x 105
Assuming that all K7 pairs in the Bs mass peak originate from K*'s

LHCb preliminary: LHCb-Conf-2011-25
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Penguin decay B; — K*K*: first observation

e B(B; — K*K*) = (1.9540.47(stat.)+

3h e 0.51(syst.) + 0.29(fy/£)) x 1075
2 reliminary
g oot e In SM: decay phase cancels mixing
2 phase
@ ¥ l e Sensitive to NP that could affect box
: diagrams in a different way than
5000 5200 5400 5600 5800 penguin diagra ms

m(K'K'Tt) (MeVic?) o
e Similar to Bs — @

LHCb preliminary: LHCb-Conf-2011-19

70; LHCb Preliminary
\'s = 7TeV, L=220 pb™

Widih = 15.9+ 0.9 Mevic®

Nsig= 227215

Events / 10 MeV/c?

5100 5200 5300 5400 5500 5600
Mass(qp) (MeVic?)
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Lifetime measurement in B, — KTK~

e Also dominated by penguins
e Can constrain NP contributions to Al and ¢,

e Two independent measurements:

e Absolute measurement
e Measurement relative to By lifetime

T
—— Data

L wf £ B
s F N =376 E| 3 :
R E s Fit
< _E B = 536425 18 MV J s B.KK
5 70 y = “ —— Background
& e g™ 239 18MV ]
$ wF E| E
§ fo s 06672 0057 3 = B
HES ] e
o E 3 E
a0 3 E
0 E 3
20 E E
10h i s }{ E
- L ke it E N | I
5300 5600 5700 5800 10
e proper time [ps]

o Combined result: 75, = 1.440 & 0.096(stat.) &= 0.010(syst.) ps
e See Paul Sail’s talk on Friday

LHCb-Conf-2011-18

Daan van Eijk

Search for CP violation in the Bs — Bs system with LHCb



Conclusions

Great performance of LHC and LHCb in 2010 and first half of 2011
e Many ingredients for the ¢s measured with first 36 pb~1:

o Lifetimes in B — J/$X

e Polarization amplitudes in control channel By — J/¢¥K*
o AT from untagged Bs — J/v ¢ analysis

e Ams from Bs; — Dsm events

o ¢, measurement with ~ 400 pb—! of data will be presented very soon

e Aim for world’s best measurement at the end of this year

First observations of B; — J/vfy and Bs — K*K*
Evidence for Bs — J/WK*

Lifetime measurement in B, — KTK—~

e Very exciting times! )
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Bs — J/1 ¢ time-dependent functions

2 —t/r ar ar
AL = |agl%e [cosh [ — ¢t ] — cos ¢ssinh [ —t | + sin ¢ sin(Amt)]
2 2
Al Al
A= 2=t/ [cosh (—r) — cos ¢ sinh (—r) + sin ¢ sin(Amt)]
2 2
2 —t/r ar ar
A3 = lay |“e [cosh [ —t | + cos ¢s sinh | —t | — sin g sin(Amt)]
2 2
_ —t/T . oo ([ 2T )
Ay = |3HH3L‘E [—cos(6, — SH)sln ¢ssinh | —t | —cos(6 ;] — 6”)cos¢5 sin(Amt)
2

+sin(6; — 6 I ) cos(Amt)]

—t/T ar } Aar } }
As = lagllayle cos(3)| = So)leosh ( -t ) — cos @ sinh  —t ) + sin & sin(amd)]
{3/ q q ar q
As = lagllay le (= cos(5.1. = 8o sin s sinh ( -t | — cos(5.1 — 80) cos 65 sin(Amt)
+sin(8 | — 6g) cos(Amt)]
Ar Ar
A7 = JaglPe™t/ T [cosh <f:> + cos s sinh (f:) — sin ¢s sin(Amt]
2 2
—t/T ) ) ar ) )
Ay = lasllayle (= sin(3)) = 85)sin @ sinh () — sin(8) — 5) cos @ sin(ame)

+cos(5” — 8g) cos(Amt)]
Y. ar ar
Ag = lagllag |e sin(8 | — &g)[cosh [ —t | + cos ¢ssinh | —t | — sin ¢ sin(Amt)]
2 2

—t/T ) ) Ar ) )
A0 = lasllag|e [—sin(8g — &g)sin ¢ssinh [ —t | — sin(5g — §g) cos ¢ps sin(Amt)
2

+cos(8g — 8g) cos(Amt)]
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cosh (% z) a7 cos(Amt) | sinh (% r) a7 sin(Am)
—t/7
[ Ag(t)[? % 1 c -D -s
. \a” IZE—I/T
lA @)1 TrarC 1 c -0 —s
2,—t/T
I A (912 ﬁ—laﬁ‘ﬂ; 1 c 4D 45
R(aﬁaL)e_t/T
S(Af (DA L®) TFarC 0 0 s -D
%(aﬁaL)eft/T
TarcC } c 1 0 0
R(afa e /T
3 HEfen)e 7
(A (DA (1) uf?;Tc 0 0 s -D
S(agaL)e_t/T
TrqrC € 1 0 0
. R(ag 3 )e_t/T
R(AF (DA (9) — Tt — 1 c -D -s
(a5 3 Ye—t/T
—TrerC 0 0 0 0
2 |a ‘ZE—t/T
[Ag(t)] guwc 1 c D s
R(ata)e /T
EedL )R T
S(AL()A] (1) 1+Lch 0 0 0 0
‘\‘y(,a*§A=JL)e7t/T - D 5
T+q7C a
. R(at ao)eft/T
R(AZ (1) Ag(1) 45;1+L77C c 1 0 0
‘\‘y(a*sao)eft/T e n
T+q7C 0 0 -
. R(o5ay)e /7
R(AL(DA) (1) —Trerc c 1 0 0
‘E(aga” )e =t/ T
—Tregc — 0 0 s -D
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Bs — J/4 ¢ angular functions

amplitudes Angular function
ENG 2cos? 1) (1 — sin® f cos? ¢)
|ay 2 sin® ¢ (1 — sin® fsin” ¢)
lag |2 sin? 1) sin® 6
S(ay av) —sin 1) sin 20 sin ¢
R(ao a) 1V/2 sin 2¢sin O'sin 2¢
S(agal) 21/2 sin 24 sin 26 cos ¢
las(t)]? %(1—sin26?cos2 ?)
R(a%(t)ay(t)) 1V6sin 1 sin® Osin 2¢
S(ag(t)ar(t)) 16 sin ¢ sin 26 cos ¢
R(a(t)ao(t)) | $V3cost(l — sin? 6 cos? p)
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Proper time resolution

S

} oW | ol [ ml | f ]
337+

\ 3
1.0 | 646=1.0 | 184=14 | 046+ 0.04 | 0.017 = 0.001 |

Dilution from Gaussian proper time

D = exp (—Am?25?/2)

D = (1—0.46—0.017) exp(—0.5% 17.8% x 0.03372) + 0.46 exp(—0.5 *
17.82 % 0.06462) 4 0.017 * exp(—0.5 * 17.82 % 0.184%) = 0.674
Converting back to effective proper time resolution

< op > =50fs"1
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Selection details

Decay mode Cut_parameter | Stripping Final scloction
I tracks Xaa/NDOF [ <5 <4
clone distance > 5000
T — i ALLur | >0 >0
min(pr(u).pr(n7)) | - > 0.5GeV/e
X2 /DOF(J/i) | < 16 <16
|M(ptpm) = M(J/)| | < 80MeV/c? < [3030, 3150] MeV/&®
6— KK AIII\'r > 2 >0
pr (¢) | > 1GeV/e > 1GeV/e
,\1 (¢) | € 980, 1050] MeV/c* | & [1007.46, 1031.46] MeV/c?
X2i/nDoF(¢) | < 16 <16
BI— Jjjd M(BY) | € [5100, 5550] MV/c? | < [5200, 5550] McV/c®
2 o/uDoF(BY) | < 10 <10
Xirrrs+pv)/nDOF (B?) <5
Xip (B2) <2
XIP sext (BY) > 50
Decay mode Cuf parameter | Strippig valic Final valie
Decay mode Cut parameter | Stripping value Final valie KT Kr ﬁ%" ﬁ’\ >-2 0
= n L | - > -
K ALy >0 B /nDOF (K .
. AlLg|- > -2 pr(K) > 1GeV/e
Xirack/DDOF(K*) | <5 <4 M(K*rm) — M(K*)| < T0MeV/e2
pr(K*) | > 1GeV/e > 1GeVe N (K) <18
p(KY) |- > 10GeY) B> JK™ M(B%) 550] MeV/e? | € [5100, 5450 MeV/e?
B JK M(BY) | € 5100, 5550 MeV/e? | € [5100, 5450] MeV/c® pr(B%) > 2GeVfe
Vx(B*)/nDoF | < 10 <10 (%) /uDoF
Xripyy(BY)/nDoF | - <5 Xbrespy) (B%)/nDoF | -
\fo(B*)/nDoF | - <25 \o(B°)/uDoF | -
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Systematics

Main systematics

e Relative uncertainty in dilution from flavour tagging (7%)

e Proper time resolution (6%)

e Ignoring S-wave (11%)

All this does not change the contours significantly

Systematics % error Scale of effect change
on sin ¢ | in rad to 68%CL 1D interval

Mistag calibration on po and p; ™% ~0.1
Proper time resolution 6% ~ 0.06
Possible S-wave contribution 11% ~ 0.1
Change Am, - ~0
Background model - ~0

~0

Angular acceptance

Daan van Eijk
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Angular acceptance

NSig
unbiased&&biased
Nsig

unbiased

=

_ tunbiased

tbiascdfonly
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Tagging diagram

same side
pion tagger

Jiy

K*
Same side

_primary vertex - .
proton = signal B proton

vertex-charge tagger

i i N
Opposite side .. from inclusive vertexing

opposite B

opposite kaon
tagger (K-)

lepton taggers
(e, ) from b-quark

Tagging

® €off = €pag(l — 2w)? = etangﬁf = D?
A /etag(l - 2W)
1
D\/> eff\/Netag \/@Deff\/ﬁ
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e Calibrate mistag probability using self-tagging decay B* — J/¥K™

* wi=po+pi(n—<n>)
o Float pg and p; within their errors in fits

OS combination_calibration

LHCb
rPreliminary
\/§ = 7 TeV Data

03f

02F

01

LHCb-Conf-2011-03
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Am, measurement

e e i et o R

£ r fl

é‘z"'\
20— -
C LHCDb preliminary ]
15— \s=7TeV -
10— e
i 36 pb'" 1
SE i
ol L L L 1 (A P BRI A
16. 168 17 172 174 176 178 18 1

Am,[ps']

e red line is likelihood value in case of infinite Amg
o —2(InL—InLpmay) = N?
e N is number of ¢'s

So this is v/20.94 = 4.60
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Feldman Cousins method

e The confidence level contours are constructed using p-values of each
gridpoint on the ¢s — Al plane
e Fit the data twice:
e 1) float all parameters to find the Lpmax data at gridpoint
e 2) float all other parameters but fix ¢s and AT to the gridpoint
values
o Get the difference of loglikelihood values
AlLgats = In Lmax,data —In Lfix,data
e Generate a large number of toys at gridpoint (other parameters fixed
to the one found in the second fit in first step)
e For each toy fit twice:
o 1) floating all parameters to find Lpmax,toy
e 2) float other parameters but fix ¢s and AT at gridpoint.
o Get the difference of loglikelihood values
AL/—toy =In Lmax,toy —In Lfix,toy
e The fraction of toys having ALL;,, > ALLga:, is the p-value of the
gridpoint
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Penguins

spectator spectator
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Assymetry

- N(B — f) — N(B — f) nf sin s sin Amt
P = NB )+ NB —f)  cosh ALt 4 yf cos s sinh AL
Tt
r ) = (AP a+ AP —— -
B—r(t) = [Af|T @+ [Xf]%) 2
ATt ATt
(cosh — — Dg sinh — + C¢ cos Amt — S¢ sin Amt) (1)
2 2
—Tt
— 2 a — 2. e
T 7(t) = 1AFI" |=| @+ X )T-
P
ATt ATt _
(cosh — — D? sinh — — C? cos Amt + 57 sin Amt) )
2 2
2 —Tt
2 |P 2, ¢
TB_ e = 1AFl" | =| (T +[Af] )72 3
ATt ATt
(cosh — — Df sinh — — C¢ cos Amt + S¢ sin Amt) 3)
2 2
_ et
57 = 1AZI" 1+ 1217
N Are _
(cosh —— — D sinh —— + Cf cos Amt — Sz sin Amt) (4)
2 2
where
_ 2Re[)f] 1= 2Tm[X{]
Py Y U T PV
_ _ _ (5)
2Re[X7] 1- 3712 < 2Im[3g]
f 1+\77\2 ' f 1+I77\2 ’ f- 1+\77\2
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LHCb trigger

e Trigger important:
e oy is less than 1 % of total inelastic cross section
e BR of interesting B decays < 107>

e b-hadrons long-lived:

e Separate primary and secondary vertices
e b-hadrons have large mass:

e Decay products with high pr

e LO: Search for high pr u, e,y and hadron candidates
e HLT: Software trigger

e HLT1: LO confirmation

e HLT2: Global event resconstruction

e Inclusive and exclusive selections
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Trigger scheme

40 MHz l ) ‘

=

3
e
-
.

i Impact Parameter
UTT a9m
T Lifetime cuts

30 kHz  Global reconstruction

Inclusive selections
u, uttrack, pu

High-Level Trigger

Exclusive selections
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