Search for a Strange Phase Tristan du Pree (CP3)
in Beautiful Oscillat

at IHE(VUB/ULB), Brussels
ons 20 January 2011
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Simplistic: “direct” vs “indirect’

Direct: CMS Indirect: LHCDb

Collide as hard as possible to Make many known particles
produce yet undiscovered particle| (Bg,B,,...) and study behavior
Off-shell BSM




Why B-physics?

CP violation
Baryogenesis
Too small in SM
BSM CP-violation needed

Complementary to direct searches - - e T
Off-shell contributions | w |
Measure couplings

Model-independent searches
Overconstraining CKM model




B-physics
- Study CKM-matrix -BR’s & CPV
W _| BR(B*-T'Y) :

| CPV at BaBar

\-iy BO%-J/wK
B AN(Ar
VCKM = V Vcs Vcb
if, -
v, -|V, e b




CKM matrix constraints

Parameter constraints

Vud Vus Wub ‘e ' - Unitarity: VCKMVCTKM =1
- 4 free parameters
VCKM ~ Vcd Vcs Vcb - One complex phase
. . - Complex phase: CP violation
v, e -] V " v, » Perform different measurements to

overconstrain CKM matrix

1-5]||llllll

Current status
- SM CKM mechanism explanation of
CP violation
- No significant inconsistencies
- Uncertainty v, ¢, large
- Some interesting deviations
- B (penguins)
© |Vpl(B*—1v) vs B
- “Krmr puzzle”
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LHCb

- Forward arm spectrometer
- ~20m x 10m x 10m
- L=(2-5) x 10%2cm=2s"

*© Opp ~ 500 pb (10% B,)

- “1year =2.0fb"

»Produce O(10"") B,'s per year
»Reconstruct O(100k) B,—J/we per year

LHCD -

_ pr of B-hadron

Advantages

- Number of B{'s

- Proper time resolution

- Mass resolution T

- Particle identification 2 0 2 4 6
n of B-hadron

230 ub




- 23 sep 2010 19:49:24
S Run 79646 Event 143858637



Some cool plots here
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- Example: limit on the top-mass
from B, < anti-B, mixing



The B, mixing phase L,

Equivalent of 8 in B, system
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Time dependent CP violaton

- Time-dependent decay rate B and anti-B differ

- Measure amplitude
- Amplitude SM expectation: sin(p,)~0
- Frequency: sin(Am.t)
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~To measure asymmetry, measure lifetime accurately



Run number = 72330
Event number = 78621879 N W Z




5
CP-asymmetry

- Goal: measure CP-asymmetry
- Frequency: sin(Am.t)

- Proper time resolution important
- Bi—J/we at LHCb: ~40 fs

0.15

CP asymmetry
(=1

- SM amplitude: sin(p,) ~ 0
- Amplitude # 0?7 = BSM contributions!



Problem...



Background rate

- Most background prompt background

- Combinations of K*K-u*u- produced at pp-interaction point
- Events around t=0 contribute to rate, not to sensivity

- Rate >1 Hz

» How to get rid of these events while understanding the
resolution/efficiency?

» Time resolution is determined from prompt peak...

2
B s
o 10
g PDFs
g = total
g 10* - = signal Previous solution
>
= v+ background - Many cuts
» Many systematic effects
10° » Sub-optimal

- Trigger rate not flexible




Solution: detached (up) & prescaled (down)

Events/(0.15 ps)

Events / ( 0.06 ps )

5
t(ps)
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“signal
sample”

“control
sample”



Prescaled & detached

>
- Detached sample .§ T
- Cut on lifetime 5 osh Eff et
- Online E
- Removes prompt background §., 06
- Almost pure signal E 0ak
; eﬂ:pre = fpre
- Prescaled sample 02
- Mostly background o'i}- e . 1 .
0 2 4 6 8 10

- Control sample
- Proper time resolution
- Efficiency turn-on curve
- Don’t need all events, so can be prescaled

- Adjusting prescale factor and lifetime-cut
- Flexibly adjust trigger rate!
- No loss of sensitvity, no extra systematic effects!!!




Selection optimization

Now we can use detached sample to optimize selection
Almost pure signal sample!

Goal optimization:
Maximize sensitivity to ¢,

Simple selection %””ey"“;g"f;?, r
an a o0
Few orthogonal cuts

Understandable selection m @
Optimize by hand

Ignore cuts if unnecessary/unwanted




Optimization example

- Maximize figure of merit FOM ~ 1/o(p,) ~ 1/a(S)
- Do this for few, mostly orthogonal variables
- Ignore unnecessary/unwanted cuts

T~
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Selection criteria

X?(B, vertex) <16
X?(B, lifetime fit) <9 ReTSe
eal” selection:
() > 1100 MeVic " 5cuts
AlogL (K/1T) > -5
AlogL(p/1) > -5
T G
M(p) Wide enough o o _
_ No limit on sideband
M(J/p) Wide enough - study
M(B,) Wide enough o
Prescaled factor (f,,) Adjustable _ _
Lifetime cut (1) Ajdustable HIJElD Ui S

»170k B.—J/we events per 2 fb

~Sensitivity improvement of ~20% compared to existing selection!



. S
What else”?

Final state not a pure CP-eigenstate

i | fi(cosb, cosip, ) Ai(t|A) Ai(t]A)
1| 2cos® [l —sin®fcos? @] | |Ao(t)]? [ Ao (1)
2 | sin? ¥'[1 — sin? fsin? ¢ ENGIE Ay (t)]?
3 | sin’® ¢ sin” 6 |AL(2)]? |A (t)]?
4 | —sin? 4 sin 20 sin ¢ Im(A;(t)AL(F)) | Tm(Ay(#)AL(t))
5 % sin 24 sin® A sin 2¢ Re(Aﬁ( JAo(t)) Re(}_lﬁ(t)}_lg(t))
6 | —= sin 24 sin 26 cos ¢ I (AG(t) AL () | Im(AG(t)AL(t))
A = [A(0 )\2 Tl t[COSh(AP t/2) — cos oy sinh (AL /2) + sin ¢, sin( Amit)]
Ay = |44(0))%e [cosh(AF t/2) — cos ¢g sinh (ALt /2) + sin ¢ sin( Amgt)]
Ay = |AL0)]e [COSh(AI‘ t/2) + cos ¢g sinh( ATt /2) — sin ¢ sin( Amt)]
Ay = |A(0)]|AL(0)]e™""[sin(51 — &) cos(Amst) — cos g cos(dy — O)) sin(Amit)
—sin ¢, cos(d; — 0y ) sinh (ATt /2)]
A = [40)1A(0)] cos(d) — 3
xe Vet cosh(AT t/2) — cos ¢y sinh (ATt /2) + sin ¢, sin(Am,t)]
Ag = |Ag(O)||AL(O)|e = [sin(d | — b¢) cos(Amyt) — cos pgcos(d — ) sin(Amit)
— sin ¢, cos(d — &) sinh(ATt/2)].

~Every event: measure time, 3 angles, mass, flavor...



Events / ( 0.15351)

russmEnii|

[a—y
=
-

CCCE T 57 L
e

ii--l-l-l-l-l-l-l*

:lillllIII"I|IIII|IIII|IIII|IIII|IIII

f—
h
o
=
=
T @[T T T T[T T[T T T[T T T[T T T T[T T TT[TTT]T
Ll I I | | | |

.
. s
L|1LJ1|.J+"IIIIIII|I"H1IJ1LJ1|_J

&

0 1 2 3 4

6

5250

T
t [ps]

5500
m [MeV/c’]

0
-1 08 -06-04-02 0 02 04 06 08

cos(0)

0
-1 08 -06-04-02 0 02 04 06 08
cos(y)

1




Fit
Simultaneous likelihood analysis in mass, time, angles and tagging flavour

Including efficiencies and resolutions using control samples
Using mass sideband to model background

o 10t Green = signal
w
S Red = background
3 s Blue = sum e
< 10 :\l
2 1400 ~
m g -
0 (=]
2 E1200 =
10 (1000 E’
80 =
g
600 &3]
10 .
400 .
0 1 2 3 4 5 N
proper time (ps) 200 X
0 200
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-1 -08-06-04-02 0 02 04 06 08 1
cos(y)



Sensitivity expectation...with MC

HFAG
CDF 1.35fb '+D@ 2.8fb
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- Overtake Tevatron
after 0.1-0.2 fb-?
- Next spring

- Very accurate
measurement before
shutdown!

216! @7 TeV
(end 2012)




Results B.—J/we at LHCb

Data summer 2010

Sideband:
background

- . Signal reqi
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Status B.—J/ e at LHCb

This summer
- Yields as expected
- Mass resolution as expected from MC

- Proper time resolution factor ~two worse
- Misalignment

- Flavour tagging OK
»No showstoppers!

- Summer 2010: (23 £ 5) events
- Winter 2010-2011: ~870 events



Most recent results

Data 2010

o .
o 300 0.3 ps

> LHCb t

= 250 Preliminary Nsigna = 877 + 31.59
3 \'s =7 TeV Data G = 7.28 = 0.24 MeV/c?
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Sensitivity expectation B.—J/ iy
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OTHER CPV DECAY
CHANNELS AT LHCB

A4
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- Compare: phase(tree) & phase(penguin)

_ B, B, ¢K _ 2 ﬁmix + 2 /))Sdecay
Ve W Ve }Ks Ve W~ Vi - :
$ EC } Jry  Tree ﬁ E }J/\p == 2 /)) (SM )
bV v, ;}q) _— }q) (I)¢¢ _ (I)Zgix + 2 /);Sdecay
1 i : 3} ~0(SM)

- B,—@® angular analysis a la B.—J/p@

Yield (2 fb1) Weak phase precision

B> ¢ K, 920 0.3<B/S<1.1 o (sin(Py.))=0.23
B.2>¢¢ 3.1k <08 o(®,,)=4.6°




Y. time-dependent oscillation

—iy Amplltude 0 x(y+9P))

| B _ (11 Jeostme—2{Alsin(6, 7 (r+0,))sin(amr) || With 2.0fbt:

Tt T —00.190
DK+ (1+|ﬁ’2)005h%_2|/1’005(5s$(7+¢))slnh[A?] O-(Y'l'q)s) 90-12




I ———_———,
Y: decay time independent CPV

Theoretically clean

S -
measurement of y F/<_ K
u V 5
u
b c b

o
B D’ B \<S ]
v i o a K
~ * 0 ™~ *
@ VCbV VUbV
. DO . DO

e Sum of amplitudes leads to CPV
— Relative strong phase &
— Relative weak phase vy

> For interference: need a common final D°&DPO state




PID by RICH important
Y (2)

"t, 24000 C I T T T I T T T I T
. e
:| B — DU{I{EI:*IC']JF ]

22000k
=
=20000

GLW: Choose CP-even final state g

DO—K*K-, D% — ' S14000f

Dcp is CP-even DO-DP mixture

o E
% 12000F

Without
RICH

-E r
£ 10000

al
fay}
=
[
=
T T T T T T

2000

Rates — O+y i
Rates (CP-conjugated) — 0-y s

The combination gives two
solutions of y

1000}

Combination of all

[y
=]
|:|

methods after 2.0 fb:
o(y) =4-5°

5200 5400 5600
Reconstructed B* mass [MeVic?]



Y with loops: B—hh

Interfere b—u tree diagram with penguins:

d(3)

-~ . L
:‘r ~—>~ u TR
VUb ‘ u
H”(B”) T (K7)
d(s) >

A

Y
=
@

_.Et —rr e kk BE =K A, —TF .B—\Zi-b::-d'_.'
B' K el - el s [l A =K

—.B TR -E{'—}Hn -'III. —= pi’ Ay —=KF .Cnmhmatmml

Particle ID crucial

* Mass resolution

* RICH
(like previous page)

Y 5.1 5.2 53 54 55 5.6 5.7 5.8

My (GEV/E?)

)

Events / ( 0.073 ps

b

A}‘i”"’ cos Amt + Aj’i”"“ sin Amt

A )= AL7 AL7
cosh[ ] AA smh[ ]
2 2
500~
- Bs>K+K- 2 fb!
400: . Ams=20
- BG
300/
0 o (vy)~10°
100;
e e ST -

8
Time=»




LHCb with 2 fb

Green = tree
Black = penguin

v with time dependent osc

e B,— DK

B D o(y-0,) = 90-12°

v with direct CPV

e B — DK (glw)
e B — DK (ads)
e More bodies

vy with loops
*B — hh

0 (1) = 45°

o(y)=7°

0(®) =
2.8°-3.4°

o(P,) = 1.8°

® . with penguins
A o (©,,) = 4.6

Compare with current constraints:
a(y) = 30°, a(¢s) = 2*(20°)

Advantages of LHCb
e Number of B, s

e Proper time and mass resolution
e Particle ID




Other LHCDb topics, not covered today:

Rare decays




Wolf and sheep can work together!




Dream scenario for 2011/2012...2HDM

CMS: direct LHCDb: indirect
b b
g Al HO
AO’HO
S
g
b

e.g. arxiv/1012.1981



Conclusions

B-physics complementary to direct BSM searches
LHCb: a dedicated B-physics experiment

B.—J/we sensitive to off-shell processes in B.—anti-B, mixing
LHCDb’s advantages: #B.’'s, mass & proper time resolution, particle identification
Optimized selection: few cuts, trigger rate flexibly adjustable
Multi-dimensional likelihood fit

Many other probes to vy, ¢,
Sensitive to different diagrams
Expectation LHCb for B.—J/weo
Overtake Tevatron at ~0.2 fb-"

If different from SM...
new sources of CPV, BSM particles...and their couplings!

Stay tuned for the upcoming results!



Search like Sherlock Holmes...

...pay attention to the indirect evidence!



BACKUP!




Discussion
CMS LHCb
- Have to know SM QCD - Can choose
accurately - Theoretically clean channel
- Don’t know where new ' Eﬁgﬁ;'gfenta"y clean
physics will pop up - Channel with large x-sec/br
- Search benchmark points - ‘Independent’ of new
and pray... physics channel
» Cross section NP small - Don’t need large lumi/high
- Much background COM-energy

- Especially handy coming
years




B, — @@

- Compare: phase(tree) & phase(penguin)

. B, . B, | ¢KS _ 2 /))mix + 2 /J)Sdecay
Ve W Ve }Ks Vo W~ Vi
‘_“\S ¢ }Jf‘-lv‘ Tree —‘NS }J/\p' = 2ﬁ(SM)
° 2 > ;} ¢ Penguin }¢ (I)¢¢ = (I)T " + 2/3 sdecay
- (—i} K, s, s }d) ~ O(SM )

Yield (2 fb1) Weak phase precision

B> ¢ K, 920 0.3<B/S<1.1 o(sin(Pks))=0.23
B. - (1) q) 3.1k <0.8 0(¢¢¢)=4.6°




v with trees (1)

B.—D.K: time-dependent oscillation

S ol Amplltude S E(y
e—iCI) ...... ABO -Fd)s)
S| g/ _ oA Jeostmi—2|fsin(6,7 (r+0,))sin(ami) | | With 2.0fb:
DFK* "~

(1 + |/1]2)

COSh%—2|ﬁ’cos(§s ?(}/+¢S))smh[%] U(’Y+¢S)




v with trees (2)
Decay time independent CPV in B—DK

Theoretically clean

S -
measurement of y F/<_ K
u V 5
u
b c b

o
B D’ B \<S ]
v i o a K
~ * 0 ™~ *
@ VCbV VUbV
. DO . DO

e Sum of amplitudes leads to CPV
— Relative strong phase ¢
— Relative weak phase vy

> For interference: need a common final D°&DPO state




Status CP-violating observables

CP angle | Indirect measurements (°) | Direct measurements (°) |
* 95. 6—8 8 89. Oiig . -
il 7 67.875% 0%
o = argl—y=/2)| [ (_B:) 10327008 22£100r 6810 <— B B, anti-B
tsVtb

- All measurements consistent

- B, < anti-B, mixing phase known
very accuragely

- B, < anti-B, mixing phase not yet
known very accurately

- 2-3 o deviations in B,

»Stronger constraints needed...
LHCDb!

10 -0.5 0.0 0.5 1.0 1 .5 2.0



. E—
v with trees () PID by RICH important

Decay time independent CPV fod L .
- GLW: Choose CP-even final state | i~ We oo
° DO—>K+K', DO - n'mr Emmni—
- Dgp is CP-even DO-D0 mixture 5 Without
= aooof RICH
/2A(B = DcpK” 3 o
_AB—DK) E

5200 5400 HE00
2500F T T T T T T T T T T =

. B — D(Kinn )K"
. B — DKinmins ]

[
=
=
=
T T

- Rates — 0+y

- Rates (CP-conjugated) — O-y

»The combination gives two
solutions of y

With
RICH

—
=
=]

|a|

Combination of all
methods after 2.0 fbi: [
o(y) = 4-5° o

Mormalised number of candidates/ 11 MeV/c?
S
]

200

-]
5200 5400 5600
Reconstructed B* mass [MeVic?]




v with loops
B—hh

Interfere b—u tree diagram with penguins:

d(s)

- :
W ( > U (K
VUb*-‘ 11l
H”(B”) (K
d(s) > »  d(s)

A

_.Et —rr e kk BE =K A, —TF .B—\Zi-b::-d'_.'

B' K el - el s [l A =K

—.B TR -E{'—}Hn -'III. —= pi’ Ay —=KF .Cnmhmatmml

Particle ID crucial

* Mass resolution

* RICH
(like previous page)

Y 5.1 5.2 53 54 55 5.6 5.7 5.8

My (GEV/E?)

B(BY)

)

Events / ( 0.073 ps

d(s) > » d(s) (K
dir mix _:
AffP (t) _ Af cosAmt+Af sin Amt
‘ Al't Al't
cosh| —— |- 4y sinh| ——
2 2
500
ol Bs>K+K- 2 fb!
- L Ams=20
- BG
300/
200} O ( ’Y) ~100°
100;
ol 3 yR— B 7

8
Time=»




Conclusions

- CKM model successful in describing CP violation
- ...but y and B, poorly constrained
- ...and inconsistencies at the horizon?
- Many different methods to study diagrams
- Standard model diagrams (trees)
- Possible new physics contributions (boxes, penguins)

- LHCDb will drastically improve the sensitivity to the
CKM angles y and f3,




SOMETHING
NEW IN THE
BOX OF Bs—J/
Yo?




BACK-UP




.
Unitarity Triangle

- Constraints following from unitarity of CKM matrix
- Three complex numbers add up to zero

:
Fn VCKM VCKM =1
. - V Va T,
%\{f AN A Ve Vi Ve Va
4 \ Vy Ve Vo
0 v / p 1 Re

- Performing different measurements, overconstrain 4 free parameters
in CKM matrix

- To test consistency of CKM model
- Inconsistency (e.g. triangle doesn’ t close) — new physics
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UT after 5 years of LHCDb

In case of no new physics

Winter 2009

- Uit

LHCb at L=10fb-"

Lattice QCD improvements assumed: o(£)/&=1.5%
o(sin(2B)) = 0.01 ; o(y) = 2.4° ; o(0) = 4.5°



Current status UT
experimental constraints on unitary CKM matrix

1.5||||||||||||-.,|w|||||||||||||||
excluded area has CL > 035

- CKM mechanism explanation of
CPV

- No significant inconsistencies
- Some interesting deviations

- B¢ (penguins)

1.0

0.5

1= 0.0 - Botvvs B
- - “K1r puzzle” _
I Subject today
-0 - By e —
[ . 1 |- Biggestuncertainty iny
-0 . ”) &K »Stronger constraints needed!
P itter : sol o - H 1
: ...,’....‘.:T ! | | MI:@’MJ - To constrain CKM & discover NP
- | N T | | N I | | T | | I I | | I | [ |
1.-1.0 -0.5 0.0 0.5 1.0 1.5 2.0
P
CP angle | Indirect measurements (°) | Direct measurements (°)
o 95.6753 89.0717
3 27.417% 21.07+099
v 67.8%33 T0%50




- Re

Present status [3,

UT,
0.10 T LA L I L LB B B
E £y : excluded area nas CL > 0.95 | |
5 v
£\ = T Y= A\(an) | CDF Run Il Prel. 2.8 ™'+ DO 2.8 b
= % (ps’r]s) = -\ (p’n) 1 5 . 0.6 ' ; A '
0.05 [~ | = I 68% CL

95% CL !
.é 0.4¢ 99% CL /\

oy
L I
=" 0.00 q 02 /
e
{
-0.05 [ n2p — -0.2
[ Y | p-value(SM):
- ) {04 1349% (~2.10)
i 1 1 1 (Txu-lac'-l>ow) 1 1 1 | l | | 1 | [ : 1
0 0.05 0.00 0.05 o0 OBs 40 05 00 05 10 15
" B, [rad]

Left: Indirect (uT,) |Right: Direct (B.—J/¢ ¢ TeVatron)

2.0 fbrt LHCB:
o(B,) ~ 0.9°

S5 |1.03°£0.05° [15°-34°]U[56°-75°] @68%CL




Present status &,

0.6 COF Run Il Prol. 2.8 b '+DO 281"

T 68% CL

059, CL

-E- 0.41 99% CL
o
—
<

p-value(SM):
3.4% (~2.10)

005 40 o5 00

05 10 15
ﬁ;‘f’wqb[rad]

Indirect (CKM fit)

Direct (B,—J/¢ ¢ TeVatron)

®, |-2.1°40.1°

[-30°,-68°]U[-112°,-150°]
@68%CL

2.0 bt LHCB:
o(P,) ~ 1.8°




Example
CP violation

Im A

Re

D’ B H‘<

clwrn ogc

]

Wl

CP

Im

2 amplitudes

- Relative weak phase o,,
- Flips sign under CP
- Relative strong phase 0
- Does not flip sign under CP

‘ |Atot|2 = |A1"'A2|2

- Need both nonzero d and ¢, for

CP asymmetry:
2 - 2
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Brown = box

CP violation at LHCb Black — penauin

cl)S
B, -J/Y o
v with direct CPV _

e B — DK (glw)
e B — DK (ads)
e More bodies

Advantages of LHCb
e Number of B, s

e Proper time and mass resolution
e Particle ID




LHC
27 km
Proton-proton
Vs = 14 TeV?
Re-start this fall

Tracking system

HCDb

L = (2-5)x10%2cm-2s""
J,,~900ub (10% By)

"1 year = 2.0fb"
Produce O(10'") B, pery.
Expect to reconstruct:
O(100k) B.—J/yeo pery.




Trees, penguins and

boxes at LHCb

Prospects for CP violation measurements at LHCb
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Time dependent CPV

Final state f'is a ccss CP-eigenstate
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Sensitivity: a(D,)

0.2 fo-! (8 TeV): 2.0 fbl (14 TeV):

¢ O-LHCb(q)S) < GTeVatron ((Ds) ¢ If cDTeVatron = q)true:
LHCb 50 discovery!

5 02 = 0.2
£ E
S | CDF+DO, 10fb™ EACH ~018 = CDF+DO, 10fb” EACH
==
o
T0.16 - Toe [
0.14 [ 014 |-
012 [ 0.12
35 | LHCb 8TeV 0 — Uncertainties on bb cross-section
' ' and BRvis(BY— Jhyo)
0.08 - 0.08 -
0.06 [ R 0.06
C C LHCh 14TeV
— SM value — SM value
002 - — Uncertair!tieso on bb cross-section 0.02 _ \6\\“-—_—________
and BRvis(Bs— Jiyb) r e
0 Lo bbb b b b b b b 0 I I PN I ITIT I INITIT AN IS AT Ar I AN AU
0 01 02 03 0. 05 06 07 08 09 1 0 1 2 3 4 5 6 7 8 9 10

Integrated Luminosity (fb™") Integrated Luminosity (fb”)



LHCb

Forward arm spectrometer B O, ~ 500 Wb (10% By)

1 year =2.0fb"?
~20m x 10m x 10m
L = (2-5) x 10%2cm2 ! Produce O(10"") B, per year
Expect to reconstruct:
O(100k) B,—J/we per year
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' Q | | Mass resolution

,‘1 | | Particle identification

I~




CMS

- Have to know SM QCD
accurately

- Don’t know where new
physics will pop up
- Search benchmark points
and pray...

- Cross section NP small
- Much background

LHCD

- Can choose theoretically
clean channel

- ‘Independent’ of new
physics channel

- Can choose channel with
large x-sec/br

- Don’t need large lumi/high
COM-energy
- Especially handy coming
years



CP-even vs CP-odd

- Initial B: J=0
- Different final spin states

» Different angular momenta L in
final states

» Different CP: factor (-1)-

»CP-even and CP-odd opposite
proper time behaviour

If AT =0

(simplified expression, in general A [ .#0)

Ap~ Ay sIND SinAm
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Blue: total

Green: CP-even

Red: CP-odd




Angular analysis

1%
L 4
4
L 2
L
L

4 particles: 3 decay angles

Angles of daughter particles in rest
frame parents

Angular distribution: information
about spin polarizations

CP states different angular
distributions
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Perform anQUIar anaIySIS to :"’|||||||||~.*
Separate CP_even & CP_Odd 1 08 -06 04 02 -0 0.2 04 0.6 o.scos(e)

Blue: total

Green: CP-even

If AT .=0: _
(simpliﬁedsexpression, in general A ' .#0) Red: CP-odd
Acp~ Aoy sindsinams (1 + cos?6)/2
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| odd s s




Fit methods

Now describe all observables, including all experimental
distortions, using control samples as much as possible

Observables

Time + angles + tagging flavor + mass
Experimental effects

Resolutions + inefficiencies + backgrounds

Control samples
MC sample only used for angular efficiency
B, —J/WK* + mass-sidebands + prescaled sample






LHCb with 2 fb-*

Brown = box
Green = tree
Black = penguin

o(y-®,) = 9°-12°

y with direct CPV
e B — DK (glw)
e B — DK (ads)
e More bodies

cl)s
*B, —~J/Y 9

o(®,) =
1.89

4.6°

™ QO = AO
.

Advantages of LHCb
e Number of B, s

e Proper time and mass resolution
e Particle ID
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Example S, B & FOM

2000 o * = signal
3 > | ° = background

25000F ?

15000F- 1

- Construct figure of merit to optimize correct variable
- FOM ~ o7'(p,) ~ SIN(S+B*) ~ o"(S)
+ Determine FOM from toy MC or extended likelihood fit
- Choose maximal FOM plateau by eye
- Stable and understandable



Summary selection

Simple selection Have Your Care
Few orthogonal cuts and Eat it Tool

Understandable selection m'
Cuts chosen by eye M &
Ignored cut if possible 4

Stable plateaus

170k B.—J/we events per 2 fb"!

Sensitivity improvement of ~20% compared to existing selection
Equivalent to yield improvement of ~50%

Trigger rates flexible!




