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UNITARITY TRIANGLE

o Changed focus: No longer seeking to verify the CKM picture
o Instead look for signs of New Physics
=» Discrepancies in measurements or unitarity triangle
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UNITARITY TRIANGLE

o Changed focus: No longer seeking to verify the CKM picture
o Instead look for signs of New Physics
=» Discrepancies in measurements or unitarity triangle
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UNITARITY TRIANGLE

o Changed focus: No longer seeking to verify the CKM picture
o Instead look for signs of New Physics
=» Discrepancies in measurements or unitarity triangle

@ We don’'t know much about constraints from trees
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I UNITARITY TRIANGLE

o Changed focus: No longer seeking to verify the CKM picture
o Instead look for signs of New Physics
=» Discrepancies in measurements or unitarity triangle
v Look for rare B & D decays (and K as well)
=» Need a lot of data and a good precision
v/ Need very good precision on all angles and sides.

v/ Precise measurement of ~y
v Need Bs as well = 35 and more

The Large Hadron Collider beauty
experiment for precise measure-

ments of CP violation and rare
decays
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NoMINAL LHC ENVIRONMENT

e pp collider at 14 TeV (7 TeV in 2010-12)
o Inelastic cross-section about 60 mb
o Assumed bb cross-section about 500 ub (one every 120)
o Our Pythia tuning predits more than 1 mb at 14 TeV

@ Bunch crossings at 40 MHz

o Luminosity up to 103 cm 257! = 10* ,ub_l/s.
= 5.10° bb pairs per second

o Direction of b and b very correlated

=» A 47 coverage not optimal
=» Build a forward spectrometer

& The choice of the LHCb
collaboration
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b Puysics AT HADRON COLLIDERS

@ B mesons have a long lifetime ¢7 = 0.5 mm with v = O(10-100)
e You want to make lifetime-dependent measurements

v/ Good vertex resolution

. . > 10
X Not too many pp interactions = Assuming  bunch
. = crossings at 40 MHz
per bunch crossing 8 osl ]
=» Control luminosity to avoid 8
ol

multiple pp collision events
o We will reach baseline
luminosity very early

o
o

I
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b Puysics AT HADRON COLLIDERS

@ B mesons have a long lifetime ¢7 = 0.5 mm with v = O(10-100)
e You want to make lifetime-dependent measurements
v Good vertex resolution

@ They have a large mass ~ 5 GeV, but not very large.
o Look for particles with a transverse momentum pr = O(1) GeV
@ b—c and c—s. 20% B decay to leptons.
v’ Use Kaon, muon and electron-ID
v Good particle ID to fight large background
@ There will still be a lot of background
v Good mass, i.e. momentum resolution
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o Forward detector

\l

\.

Tracker ,

¢

Patrick Koppenburg Rare Decays at LHCb 11 May 2010, Ziirich [10/52]



o Forward detector

o Warm dipole magnet.
Polarity can be reversed

o Good momentum and
position resolution

o Vertex detector gets
8mm to the beam
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o Forward detector

@ Warm dipole magnet.
Polarity can be reversed

o Good momentum and
position resolution

@ Good Particle
Identification

Invariant mass

& B — 7,
with RICH
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LHCB TRIGGER

o Hardware-based LO trigger:
moderate p7 cuts: 40 MHz
=» 1 MHz
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LHCB TRIGGER

o Hardware-based LO trigger:
moderate p7 cuts: 40 MHz
=» 1 MHz

@ The whole data is then
sent at 1 MHz to a farm of
0(2000) CPUs

@ HLT1 tries to confirm a LO =
decision by matching the b
LO candidates to tracks. -

=>» ~ 30 kHz
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LHCB TRIGGER

o Hardware-based LO trigger:
moderate p7 cuts: 40 MHz
=» 1 MHz

@ The whole data is then
sent at 1 MHz to a farm of
0(2000) CPUs

@ HLT1 tries to confirm a LO
decision by matching the
LO candidates to tracks. -

=>» ~ 30 kHz

@ HLT?2 does the full reconstruction and
loose selection of B candidates =» 2kHz ~

o This is much less than the 10° b events per second
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2010 DATA TAKIN

[P
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LuMINOSITY AT 3.5 TEV

Luminosity: from number of CALO triggers (LHC stable beams, data sent OFFLINE)
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TRIGGER STRATEGY

LO: BASED ON CALO, MUON AND PILE-UP
MB TrIGGERS: HCAL, SPD, CALO, MUON, Pile-Up ...
¢,b TRIGGERS: Electron, Photon, Hadron, Muon, Di-Muon, 7
LumINosIiTY: Muon, Di-Muon, Beam-Gas

0

READOUT SUPERVISOR: Passes on LO decision and adds random
triggers

@ Knows about bunch structure.
HLT: SOFTWARE BASED ON “EVERYTHING”

MICRO-BIAS: At least one track in velo (RZ), or T stations
No-B1as: 100 Hz of random
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TRIGGER OPERATIONS

[ Lo Mb decision rate -- beam beam crossing -- LHCb data -- Fill 1022 ] 2 21271185
~ T Rate(0) (98.45+0.15) Hz
L 102 B )

o Decay Time (55.3+1.5)h
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MINIMUM BIAS: We can take minimum bias at full rate at the moment
NoO BI1AS: 100 Hz of no bias events (including 1 Hz beam-gas)

Hrrl: Standard selections in parallel with pass-all

ch
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MAGNET POLARITY

@ We can swap the magnet polarity

=» Important for systematic studies of CP effects
o So far have taken 10% data with field Up. Will catch up soon

@ Primary vertex in Beam
Gas events for Beam1 and
Beam?2

~ 3.5 TeV, Field Down

e z coverage due to velo

- N acceptance
e T e T 1500 .
;\Lﬁﬁrgﬁ,"*T S0 1990 ) o Crossing angle due to B
1500 .

" 35TeV, Field Up field

o Beam profiles used to
determine luminous region
=» Luminosity

N e T 500
000 % TR 100
Aot 500 °
500 S5 100
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MAGNET POLARITY

@ We can swap the magnet polarity

Important for systematic studies of CP effects
o So far have taken 10% data with field Up. Will catch up soon

[ Bunch-empty events. Requiring >=6trksivix. |
3.5 TeV, Field Down [ 3.5 TeV, Field Off
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BT CANDIDATE
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BT CANDIDATE

=
o
\
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o Well identified muons and kaon.

e myy, = 3097.90 MeV, mg+ = 5319.90 MeV
e Proper time = 0.6 ps (26 o from PV)

e Angle of flight and momentum of B+ = 0.7°
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SEMILEPTONIC CANDIDATES

KKz Mass - S0 = N
1 NE
§;“ Real Data i Monte Carlo ] B, &
i Lot 58—
o4l Bgcand. § [ ]
B/cand. © >
* 4 = -
D e . I iy .
. RUN: 70684
LHCb:Preliminary S Ml T T TR
| 2 4 & 8 0 2 4 (&)
o Looking at D — KKm with a p tag .. | ™™™
forming a secondary vertex s
o Classify by KK mass RE
@ 3 Candidates: s—|
° one baCkground ; EVT:‘141525560
o One By — DT pv I Beternn I
e One By — Dguv T R
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SOME SENSITIVITIES

o By — pp
ob — sy
OAFB iI"IB—)[,l,[,l,K* W

Ui ippenburoior
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Bs — up

o Very rare but SM BF well predicted
B = (335 j: 032) . 10_9 [Blanke et al.,

JHEP0610:003,2006]

e Sensitive to (pseudo)scalar

=
S

Events / (1.19807
2 o
S

operators &
o MSSM: B o 552 oreh
@ Present limit from CDF ol N
B <43-1078 (95% CL) 7 e

@ Select signal in a 3D-box of mass,
geometrical likelihood, PID
likelihood

o Uncorrelated variables with
different control samples
o B mass resolution ~ 20 MeV

014 02 03 04 05 06 07 08 09 1
Geometric likelihood
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Bs — up

o Very rare but SM BF well predicted
B = (335 j: 032) . 10_9 [Blanke et al., x
[N

JHEP0610:003,2006] °§ CDF + D0 (8fb™)
.. 2
@ Sensitive to (pseudo)scalar 32
operators -
6 =
o MSSM: B o B8

My
@ Present limit from CDF
B<43-1078 (95% CL)
e With SM BF, expect 8 signal and

12 background events in most
sensitive bin in 2 fb~?

=» 30 evidence with 2 fb~ !
=» 50 observation with 6-10 fb™!

BRB">44i) (xI0")
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OPERATORS

Operator
, . Effective Hamiltonian H
O7, \.1
. A(M—)F) = <F ‘Heff’ /\/I)
10
b s 4G
Os \.2 Heft = — fF Vis™Vip Y Gi(1)Oi(p)
. i=1
, , o Operators O;: Long-distance effects
Oor,100 x @ Wilson coefficients C;: Short-distance
s y effects(masses above p are integrated out)

New physics can show up in new operators or mod-
Os p x ified Wilson coefficients
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OPERATORS

Operator magnitude phase helicity flip Of

N
On @ b

g B—llK*

b s
o & bagen Ay

b—{s,u,d} B — ¢K B—K*¢
g
b 4
Oor.100 x b tls  Apg (b—s0ls) B 0K
s ¢
b 4
Osp x B — pu B— 11 b — stT
s v Adapted from [G.Hiller,hep-ph/0308180]
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OPERATORS

Operator

© All C; calculated at NLO if not

o b s NNLO in SM
8 \% » We need to measure all

coefficients

Any discrepancy is a sign of

Qo100 x New Physics
& l
b 4
o 8
s /]
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BF sets strong constraints on New
Physics

The photon polarisation is not well mea-
sured.

v
D C.. SM

Sy U ms

QBE o Naively r = G = mz

e Right-handed operators could
contribute

v/ Mixing-induced CP violation in Bs
— ¢y
@ A baryons
o BoyK**(Knm)
v Virtual photons (b — #/s)
o TR BBEShs
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http://arxiv.org/abs/hep-ex/0403004

By — K*y AND B; — ¢y YIELDS FOR 2 FB !

Bi—K*y  Bs—¢y -
Visible BR  2.9-1075 2.2.10°°
Nrec 5.6% 5.4% #0
Dsel 13.3% 11.7% i
Thrg 46% 44% 20
Ttot 0.34% 0.28% i brirsr et
Signal Yield 73000 11000 K7y mass [GeV /7]
B/S 0.59+0.26 < 0.55
The B mass resolution is 70 MeV. 100

80
60
40

20

%495 505253 545556575859
¢~ mass [GeV/c?]
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By — K*y AND Bs — ¢y YIELDS FOR 2 FB !

Bi—K™y  Bs—oy
Visible BR ~ 2.9-107> 22-107°

Running on 13 minutes
equivalent of bb events

0, 0,
Zre‘: 153'63& 151'471;0 one already gets a peak
se! . .
Nirg 46% 44%
Ttot 034% 028%
Signal Yield 73000 11 000
B/S 0.59 £ 0.26 < 0.55
5L
The B mass resolution is 70 MeV. }
0
45 48 51 54 57 6 63
/ K*~ mass [GeV/c?]
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By — K*y AND Bs — ¢y YIELDS FOR 2 FB !

Bi—K*™y  Bs—¢y
Signal Yield 73 000 11 000
B/S 0.59+0.26 <055

Running on 13 minutes
equivalent of bb events

one already gets a peak

Expecting a  statistical error  on
ACP(Bd—>K*’y) of 0.5%

=» Will be dominated by systematics

o K¥ interaction with matter
e By, By production asymmetries . .. 50

[LHCb note 2007-030] L | H

04.5 48 51 54 57 6 63

K*~ mass [GeV/c?]
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In SM mainly Bs—¢yr and Bs—¢7. Mixing only if wrong polarisation.
A9 = 0 in MFV

[Bey —[Bmgy A% cos Amst + A™*sin Amst
M5, gy +Bssy  cosh3ATt— AATsinh LATt

As(t) =

¢7/R Tagged approach (measure all A):
= 12% on A™* (2fb 1)

m, = 23% error on AAT (2fb71)
Ocm_,, Untagged approach (only AAT o r):
= 19% error (2fb™ 1)

oy, o 9% with 10 fb!
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B — uuK*

e B — puuK* very rare in the SM
B(B—¢tK*) = (1.2 +1.0)- 107
@ Sensitive to
o Supersymmetry,

e Graviton exchanges,
o Extra dimensions

=¥ Ideal place to look for new physics

Patrick Koppenburg Rare Decays at LHCb
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I ANGULAR DISTRIBUTIONS

A lot of information in the full 6, 0k and ¢ distributions

j_g: = r (%FL sin ) + Agg cos 6,
+ §(1 — F1)(1 + cos® 6,))
i_l; = 2:; (2(1 - FL)A cos 2¢
+Ajmsin2¢ + 1>
jer,; = 3TI" sin Ok (2F cos? O + (1 — Fp)sin? O )

=» Many observables
[Kriiger & Matias]
[Egede, et. al.]
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I ANGULAR DISTRIBUTIONS

A lot of information in the full 6, 0k and ¢ distributions

1.0

rl
3_9/ = I (%FL sin? 0, + Apg cos 6, o8] TE T
3 )
+ 5(1 — F1)(1 + cos? 9,))
dar’ /1
dé or (2( L)/ cos2¢
+Ajmsin2¢ + 1)

/

r
3T sin Ok (2F cos? O + (1 — Fp)sin? O )

[Kriiger & Matias]
[Egede, et. al.]

N
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ANGULAR DISTRIBUTIONS

A lot of information in the full 6, 0k and ¢ distributions

dr’ 3 T =
— = [ ZFsin%6, + cosd T
do, (4 e ’ :
3 ) ﬁ 0.2 » o
+ g(l — F[_)(l -+ cos 9/) ; N
1 0 g \\ o S
f f dcos&,dqzdcosel Foel Tl S
0 1 , — Ry
1 —0,4:— \;\‘\\%
J deostigzig,
s [CevZ]

=» Zero point measures ratio of Wilson coeffs Cy/Cy.
[Kriiger & Matias]

= Forward-backward asymmetry Agg
[Egede, et. al.]
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I MESSAGES FROM OTHER EXPERIMENTS

BELLE: 230 B — /K™ events in
657 . 106 BB [PRL103:171801,2009]

BABAR: 60 B_—> PPK* events in
384 . 106 BB [PRD79:O31102,2009]

CDEF: 100 B — ¢/K* events in .
4.4 fbil [CDF public note] . E_

FB ASYMMETRY: All seem to

diy g

favour GG = —C7S'VI case. Not N . _
conclusive yet. .. & vo vz 18 16 i 20
=» Need much more statistics K —1»—

C 1 L L 1 L
o 2 4 6 8 10 12 14 16 18
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By — ppK* YIELDS WITH 2 FB !

Expected signal and background yields
in 2fb~! of data (Assuming the SM BR

of 12-1077):
Sample Yield
By — pupK* | 7200 + 2100
b — pus 2000 £ 100
2(b — ) 1050 + 250
b — pc(pq) 600 + 200
Background 3700 £ 300
B/S 05+0.2
b
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By — ppK* YIELDS WITH 2 FB !

Expected signal and background yields
in 2fb~! of data (Assuming the SM BR
of 12-1077):

-» Resolution on Arg zero : +0.46 GeV?

(12%) in 2 fb~!

1400

1GeV?/c!

1200

experiments / 0.
2 = B3
g 8 8
s &8 8

IS
3
3

200

T — T

ST N |

8
Q2 (GeV/cY)

Mean = 4.01 GeV?/c*
" sigma = 0.46 GeV?/c*

0.2

0.1

-0.1

-0.2

-0.3

8
o (GeVZc?)
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SCALING TO LOWER LUMINOSITIES

Assume Belle is right. 02,‘,‘,-.;::,:“..‘

L2 P
If we measure the :g”.’,‘#” =
mean Arg in a bin ool

1-6 GeV?. How well ’;:.‘,@*?.",*'"
F"H'J"f“"‘

can we exclude theq@!_az:""w
SM?
100 P~ " 1.50

‘Jtlli"F“ Hi

|

1

BERERE A
Ji
ke
Ty
70.6'#'1 it

y( "‘4"%"‘ it

At
DAL

idlitht]

]
7 (GeV)

SM prediction — Babar — Belle
LHCB at 100 pb~?!
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SCALING TO LOWER LUMINOSITIES

Assume Belle is right.

If we measure the
mean Afg in a bin
1-6 GeV2. How well B
can we exclude theg %
SM? r“lv:"t':‘lf‘:“"‘
B

100pPB~!: 1.50
300 P8~ 2.40 "

500pPBt: 310 o g il

]
7 (GeV)

SM prediction — Babar — Belle
LHCB at 500 pb~*
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SCALING TO LOWER LUMINOSITIES

Assume Belle is right.

If we measure the
mean Afg in a bin
1-6 GeV?. How well

:
it
_ 0, 2

can we exclude the® ™=
SM? -0,4;:;.:;;1;;-:;:::
100 pB~ 1 1.50
300pB~ L 240
-1 AR
500 PB 3.10 _g_gc 5 7
1371 4.00 7 (GeV)

SM prediction — Babar — Belle
LHCB at 1fb™*
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UNDERSTANDING THE 6, DISTRIBUTION

!

Events / { D.20!
B s
L

Evonls 7 00314
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UNDERSTANDING THE 6, DISTRIBUTION

1< q'<2GeV?

@ Needs to know the 6, distribution for background =¥ sidebands
@ Need to understand the acceptance effects on 6; = MC?
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UNDERSTANDING THE 6, DISTRIBUTION

a g
e VI

@ Needs to know the 6, distribution for background =¥ sidebands
@ Need to understand the acceptance effects on 6; = MC?
=» Using control samples like By — J/¥K* and B — puK
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