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Mixing

e Neutral B mesons:

¢ Mixing phenomena takes place via the weak interaction
e B meson evolves as a superposition of B and B states
e Mass difference Amy
e Width difference Al'q

o phase ¢fy ~ (3.40%1:32) x 1073 rad.

i

A
A

e Larger contribution ¢2 from NP would change the predictions:

M7~ i OB ~ B
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CP violation in the interference

e CP violation in the interference between the B, 0,
decay and mixing ' \
\

o Tree-dominated decay diagram

° ¢i/w¢>: Sy — 2¢p ~ _255 M \\
e 3, =arg (—Vts b/ Ves VcTa) \‘— ®
. 0+0-0020 B, ’

283 ~ (—0.03607%593%) rad
e Large NP contribution ¢2 from NP would change the predictions:
=26, ~ —2BM + o0 ~ ¢
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Challenges

Rate (B, f)
Rate (B, - f)

e B! system has a fast oscillation
o Need fine proper time resolution H

|
1)

e BY = Jipo is a P—VV decay Tyd
o J/)¢ final state is a mixture of CP odd
and CP even states.
e Angular analysis to disentangle
statistically these amplitudes

o -— W
=
=
=
=
=

o Aly >> Aly
e Correlation between proper time and angular variables
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e LHC: the largest proton accelerator in
CMS
the world / \

e Start end of 2009: @ 900 GeV - e
e 2010: collision @ 7 TeV
e Increase number of interaction T
per crossing — collect Max. \G?
lumi. \ — / 1

LHCb Integrated Lumi over Fill Number at 3.5 TeV_| [2010-11-24 18:00:04 |
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LHCb detector

e LHCb physics’ program:
e CP violation (beauty/charm)
o Rare decays

e Single-arm forward spectrometer:

VELO:

reconstruct vertexes

proper time measurement
Tracking system & magnet:
reconstruct tracks & momentum
RICH system:

K — 7 identification
Calorimeter:

Energy measurement, identify 7°,
Muon detector

B. Khanji (CPPM-LHCb) CP violation in BY — J/4 ¢ with first data

7 December 2010

7127



Vb
S

measurement strategy

Analysis strategy to probe new physics at LHCb with the phase qSi/W :
e Trigger & select BY — JA)¢ events

¢ Avoid bias on the proper time distributions
Crucial for the validation studies
Understand systematics

e Measure mass, proper time & angular variables
o Calibration & alignment of sub-detectors
e Tag initial flavor
e Taggers’ calibration using control channels
(B = WK™, B* — JyK*, B — D7)

e Fit the ¢/*? phase

B. Khanji (CPPM-LHCb) CP violation in BY — J/4 ¢ with first data 7 December 2010

8/27



D
analysis

Trigger & select B — Jib¢ events

e L0 hardware trigger:

¢ Find lepton, hadron with high pr
e HLT1 software trigger:

e Finds vertexes in VELO

e Tracks with high IP & pr
e HLT2 software trigger:

e Reconstruct all tracks in event
e Select inclusive/exclusive B meson
decays
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Trigger & select B? — J/iy¢ events

e Selection is cut based, optimized against

S/VS+B

e Unbiased selection
® No cuts on IP, decay length, etc

Events/5MeV/c?

e Significant prompt background B/S ~ 3

e Yield ~ 30 k event per fb~!
e Rely on kinematics & PIDs
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analysis

Measure mass, proper time & angular variables

"gzmmu—‘”“ A A —; " Extrapolation < 150 mm,\/s =7 TeV
Lo HOD v nE— 200
: & gaug| Prefiminary 305407 008 MeVE £
e Excellent tracking system Luaa [ he “
. fgunuu 3 50
® very good mass resolutions %o E e F
(AP/P ~ 045%) Eauuu é = “e
. . & 6000) é w:—
e Good proper time resolution £ E - 4G VELD amal
. 2000 ; - 2 2010 Data: o = 14.4 + 19.5/p ym
e Yet performance still less than A el 1 3 Simulation: o = 13.1 + 165/, um
. 2950 3000 3050 3100 3150 3200 3250 3300 10: L L
expected (30% worse in data) i nvarant mass Hovic] o s 1 152

;
15, (e/GeV]

J/4p (1 pu) mass resolution VELO IP_x resolution Vs 1/pp

e Detector shape distorts
angular variables’ . o " 1
distributions ST T A TN A *,M*ﬁ“*’***m—,+
« Distortion’s corrections it N Yt ﬁ*—*{#ﬂw B "
(MC or real data using A T B
B — J/’L/)K*O mode B

LHCb angular distortions (MC expectations)
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analysis

Tag initial flavor

. from inclusive vertexing

e Determine the initial flavor of the B e sie
particle using tagging algorithm //x\k“"'”w .
e Precise estimation on: how often S’ }K‘ v
[tagging efficiency e.i] and how good Sameg,de\x, _
[mistag rate w] you tag oo T oot
® Opposite-side tag: charge from leptons, Opposite side apposie BT " vertexcharge tagger

K, inclusive vertex
® Same-side tag: K from fragmentation

opposite
kaon tagger (K')

quark —
2 0 itive lepton ta
® cue(1 — 2w)® ~ 5.3% for B) — Ji¢ (MC regate glon taggers famboc o cascade.
expectations)

e Use signal-like channels to calibrate and control taggers
® Select signal/control channels in a similar manner
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? analysis

Tag B? — J¢ events initial flavor

e Tagging optimization in B — D*~ utv

® Fit for time evolution
— extract mistag rate from oscillation
(eug(1 — 2w)? ~ 60% of MC
expectations)

e Opposite side tagging’s calibration:

e Count the right/wrong tagged events in
BT — JWK*

e Fit for time evolution in B® — J/K**
— extract mistag rate from oscillation

e Same side tagging’s calibration:

e Fit for time evolution in B! — D 7"
— extract mistag rate from oscillation
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¢ ? analysis

Fit the ¢!’ phase (MC)

e Unbinned likelihood :
L£=TIP(Xe; N) -

® X, : proper time t, decay angles 2, B 0
mass m and initial B flavor tag q.

T T T T T T T
08 06 04 02 0 02 04 08 08

TV T PR P P SR TN
08 05 04 02 0 02 04 06 08
oo

cos® sy
® Aphys = . daa
A signal
{rs’ArsvRLvROy(SL;fSH;Amsvd’S} 1400, g — fitted sig. Ih
. . H - Ih.
® )\ Mass resolution oy, proper time 120 A i3 arotdsg i
resolution o, mistag rate w, 0ot T . — complete Ih
background properties woop” e wE
® Angular distortion corrections 500 ok
™
2 L

® E o
proper timet [ps]

¢
LHCb MC expectations

(67" star ~ 0.08 rad for 1 fb!
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LHCb sensitivity to ¢7"° phase

; 0s CDF 5.2fb™* FPCP 2010
o
04
. Vb . DO 6.1fb™ ICHEP 2010
e Expectation on the ¢."“ sensitivity
o Based on bb cross-section =1 LHCB preliminary 7TeV: o(bb)=202b
. — Uncertainties on o(bb)
measured in LHCb. o2 L and BRvis(B? - J/wg)
e MC expectations for tagging and
proper time used Py
° o
ot wiong ____7{rue ([
e Use realistic MC to study l iara”l”e‘?t - [ Vi';;o“ [N 7:;, /67" ]
. ngular distortions () )
systematics Proper time resolution +5fs 6%
Mistag 1% 7%

e Systematic errors’ level < 10%
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Summary

BY— Ji)¢ is the golden mode to probe ¢7**
Challenges:
e LHC running with high pile-up scheme

e Efforts to cope in trigger, tracking and tagging
e Very good performance on detector level

e Challenging measurement:

e Time and Angular analysis
e Flavor tagging
e Understanding background, angular distortions and proper time resolution

~ 1000 B! — Jip¢ in ~ 33 pb~" of integrated luminosity
e Very good mass and proper time resolution
e Encouraging tagging performance
LHCb is sensitive to NP in ¢7¥% ( o:(¢¥¥*)star ~ 0.08rad for 1b™")

LHCb will soon deliver the news on qbi/w

, stay tuned
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Backups
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iy v i el
B — Jab¢ decay rates (1)

d*T(BY — Jpo

6 —
) o th(t)fk(Q)7 and w
k=1

6
) oo S ().
k=1

dt dQ dt dQ

B? time and angular terms:
k hi(t) hie(t) (0, %, ¢)
1 [Ao(B)? |Ao(8)|? 2cos? (1 — sin? 0 cos? )
2 |A) (1) A (17 sin? ¢(1 — sin? 6 sin? )
2 |A) (1) 1A (1) sin? (1 — sin® 6 sin? )
3 |AL(8)? |AL(8)? sin? ¢ sin? 9
4 | S{ADALD}Y | S{A[ (DAL} — sin? ¢ sin 20 sin
5 | R{AOA DY | R{AMDA (DY -5 sin 2y sin® 0 sin 2
6 | S{ADALMDY | S{AS(DAL(D} 5 sin 2y sin 26 cos ¢
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Conclusions and prospects

0 Jhp¢ decay rates (2)

Time dependent amplitude for BY:

[Ag(1)12 = |Ag(0)|2e—Tst [cosh (”~’> — cos ¢y sinh (%) + sin g sin(Amg[)] .

\A” (t)\ = lAH (0)‘20—& [cosh (AF,P) — €Os ¢y sinh (Ar“t) + sin ¢y sin(Am,t)} s

\AL(r)|2 |A] (O )|2c7|—S [cosh (AR[) + cos ¢ sinh (Ar‘r) - sin ¢ sin(Amgt)} s

%{AE (P)A” (0} = [Ag(0)] |A” (0)‘0—& cos 5” [cosh (Aght) — €O0s ¢y sinh (Ag“t) + sin ¢g sm(Am,P)}
S{ATMALW) = 14) (U)HAL(U)\c*rsl[— 0oS(6 | — &) )sin s sinh (Agst)

+ sin(6; — 5”)cos(Amsr) - cos(6; — 5” )cos ¢ sin(Amsr)} s

S{AX (DA | (D)} = |A ||A Ole_r* — cos & | sin ¢ sinh Ars + sind | cos(Amgt) - cos§ | cos ¢ sin(Amgt)| .
0 L (0 L L L L

e For BY: change sign
— loose sensitivy if no tagging
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New physics effects

General parametrization of new physics effects in mixing
r12,5 - r?gd,s-, M12 s — M12 ,S As? As - ‘As|ei¢SA
leads to the following relations for observables

AMs = 2‘M125 |A5\

ATs = 2|Ty4]-cos (oM + ¢2)
& = Fi2,s| sin (3™ + 5')
° MY | As|
J
¢S/W¢ = —2Bs+ ¢s + 5Peng + 6Peng

Remember: ¢3M = arg(—Ms,/T$,) = (0.0042 + 0.0014) rad and
B, = arg (— Vi Vit / Ve V) ; 28, = (0.036 % 0.0017) rad
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L Corclusions and poseects
First B — JAb¢ @ LHCD....

My LHCb

Run number =
Event number =

LHCD

 One of the first BY — Jib¢ candidates (flight distance ~ 2cm!)
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Reminder: Tevatron results

CDF, FPCP’2010

CDF Run Il Preliminary L=52fb" s
060 — es%CL 90, ICHEP'2010
[ — e8%cL — = L —
0df — o e T oaf pocanT T o= ome
F N ;—B’ - /e AM, = 17.77+0.12 ps”}
— © 02 E
> 0.2p ) B 028 — 68% CL
S r O 4 ¢ — 95% CL
—, 0.0 = . 0.0 - s T
o (=
0.2F \ = 02
-04F 04 —
08k 3 2 1 0 1 2z 3
C [ R [ J/¥9[rad]
S 1 #Jfrad]
Bs (rad)
Signal yield (lumi) ¢7"? (rad) Ref.
CDF 6500 (5.2pb~ ") —0.54 £ 0.50*) CDF Note 10206 | () CDF quotes
DO 3400 (6.1fb") | —0.767%38 (stat) & 0.02(syst) | DO 6098-CONF

Bs € [0.02, 0.52] U [1.08, 1.55] rad at 68%CL. “—0.54 £ 0.50" is my estimate.
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Selection table

| Decay mode | Cut |
o un) Al L, > 0
muons x2,/nDoF < 4
min(prp™, pru”) > 500 MeV/c
X5 /nDOF(J/)) < 11
[M(pp) — MM (IR))| Jo (M(up)) < £4.2
¢— KK~ AnLgr >0
kaons x2,/nDoF < 4
\u/MDOF(6) < 20
pr(¢) > 1GeV/c
IM(KTK™) — M(¢)| < £12MeV/c?
B! — Jjbo XZx/nDoF < 5
B? min IP x2 wrt PV < 25
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ar at LHCb

e Flavor-specific : Decay to a given state which cannot be reached by anti-flavor

state(at tree level).
e CP violating asymmetry in the mixing
e Physical asymmetry :
a, = g tan(¢™/")

al(SM) = (—4.87/%) x 107* , aS(SM) = (2.1 £0.6) x 10~°
e Measuered asymmetry :
_ [(H-r(

A = T(H+T ()

<q 59 A <
— as _ % _ (as y Opy_cos(Amgl) %
Ar = 2 (3 + 2 )cosh(Arqt/2) +

2
e Difficult in LHCb:
o Detector asymmetry 67 ~ 1072
e Matter detector — hadronic interaction asymmetric
e At LHCb: reduced by swapping the B field
e Production asymmetry 57 ~ 1072
e LHC is a proton-proton collidor
o Background asymmetry §, ~ 1073
e Calculated using sidebands
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ar at LHCb

e Using hadronic modes e.g: B! — Dy 7"
o small detector asymmetry, excellent proper time resolution (35 fs)
o fit ar and &3, fix 65

e Subtraction methode in semi-leptonic modes

e Bl— Dy p"vandB’— D~ u'ty,
smae final state K"K~ 7~ u™
— same detector asymmetry d.
for this modes.

T
LHCb Preliminary ®, 0.0
o =7 TeV (1.1520.11)pb™"

w
a
2
T

— Neutral
— Double-charged

e Measure the difference between
B? and B”:

250

(8,—0u)

Candidates per 5 MeVc™
w
g
T

200|

sd _ a—af
AAfS ~ T 50|

1 1
-200 =100 o 100
KKr Mass - D; Mass / MeVc?
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ar at LHCb Vs DO

DO LHCb
tss+ ds 7d fs s
Ab @ Za, A?s a za.
b= (-23%9%) x10* | AALT = (250%) x 10~*
op=0 6p fltted/dlscarded
0c compensated with MC 0c cancelled in data
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Transversity Angles

B. Khanji (CPPM-LHCb) CP violation in Bg — J/ap ¢ with first data 7 December 2010 27/27



	Outline
	Theoretical aspects
	LHCb detector
	sJ/ analysis
	Conclusions and prospects

