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NP in CP-violation
at LHC(b)



Current SM fit predicts
(including CDF result on Am,)

< ™R

= 94.6° + 4.6°
= 23.9° +1.0°
= 61.3° £ 4.5°

Theoretical limitations for the sides:

Present experimental precision on angles:

Extraction of [Vub|
Lattice calculation of

EZ

a= +5°/-16°
B=+1.0°
y = =+ 30°
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UT may stay closed for quite some time !!!

Mean values of angles and sides are in desperate agreement with predictions



1 _ 1
To define the apex of UT P =7 [1 — EJ\E} ;=m0 [1 — E}"E]

one needs to know at least 2 independent guantities out of 2 sides:

VidV.> ViaVo;

Ry = VwdVul _ . /mm _ Vil _
VeaV3 .:al VeV

and 3 angles: a, p and y

Straightforward strategy to search for NP contribution:

Extract quantities R, and y from the tree-mediated processes,
that are expected to be unaffected by NP, and compare computed
values for

1 — Rpcosy
By siny
with direct measurements in the processes involving loop graphs.

Ry = \/ 14+ R —2Rycosvy ; cotf3=

Interpret the difference as a NP signal



Unfortunately such approach has very limited sensitivity
to the NP contribution

Y Is more constrained by R..

Due to geometry of UT However NP effects may
the dependence of y on cancel out: R, is proportional to
P is rather moderate: the ratio of “identical” loop graphs:
boxes or penguins
om/y o(R,)/ R, =0.01-0.02
(), ° o(B) =1/2°-1° - 3/2°
- a=100°R,=0.41 0.04 —
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Alternative approach
Measure the same observable in the processes
mediated by different topologies: trees, penguins or boxes

Examples:

- Penguin vs Box
|Vis| can be extracted either from the measurement of A(mg) or

BR(B->K*3). The same applies for |Vtd|

Lk = TTratr —— =1 {in '
lrtiir“ E.lﬁ'—i-fl':"f;'
y _ 3a(l—rge)® [ AM, } | mBIFEE (02 . B mg|Cyl e, mp) |2
R 3272 B — K*y) EE, f%'; y where k= nB [ﬂ"f&:Ftt]

describes short-range effects

Hope that some uncertainties of lattice calculations
are cancelled out in the ratio




Tree vs Penguin

Extraction of Y from penguins (through a: B>nn, pt and pp)
and various tree topologies

Current experimental precision on y determined in trees and loops
leaves the room of ~ 40 for the difference

Finally, the measurement of the ¢4 Is a very sensitive test of SM !!!

In the rest of the talk LHCb sensitivities to the measurement
of B, ¢, and y are presented



Basic Principle & Tagging.

flavours full tructed B
at creation o re;gn-ls- qlg ’ ¢ Decay products (RICH)
b | . .
s ; ® Decay time ~ flight
: opposite—side B hadron : distance (VE LO)

® Flavour at creation -
opposite-side or same-

_ -0 - | T _
Same [ B, o side (Bs only) Tagging.

9 2 ) ~4-5% (Ba)
EefF—ED —E(]. UJ) _{NT—Q% (B.s)
N events with tagging efficiency € and mis-tag fraction w
are statistically equivalent to Eeff perfectly tagged events.
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ﬁ from B - J/y K,

U The ‘gold plated’ channel at B-factories
already well measured by Babar/Belle A,

O Still an important measurement:

A ()= A% -cos(Am, - 1)+ A" -sin(Am, - 1)

-0.8_—|||||||||||||||||||

‘ ‘zo in SM =sin 23 Proper time (ps)

Ne(®6} In one year, 2/fb, with 216k events, c(sin2B)~0.02, c(B)~0.6°

AUEER  will achieve similar sensitivity with 30/fb

Comparing with other channels may indicate NP in penguin diagrams

Scaling of 1 year sensitivity from J/yK, to ¢K,:
o(sin2B.4)—0.4, Yield:0.8k, B/S<2.4 (preliminary).
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(I)S from B.— Jiy$ (n,n...)

q B, —»J/y¢ is the B, counterpart of B—J/y Kg

Q In SM ¢ = -2arg(V,,) =—-2A°n — -0.04
Q Sensitive to New Physics effects in the B.-B, system

if NP in mixing = ¢g = ¢s(SM) + ¢s(NP)

O 2 CP-even, 1 CP-odd amplitudes, angular analysis
needed to separate, then fit to ¢s, Al's, CP-odd fraction

Yield B/S | <35> Cmass

Channels used (103/2 fb2) (fs) (MeV/c?)
B.—>J/y(uwpH)o(KHK?) 131 012 | 36 14
B.on.(h-h+h-h")e(KK-) 3 0.6 30 12
B.~>J/y(ppt) n(yy) 8.5 2.0 37 34
B.—~J/y(uut) n(ntnnl(yy)) 3.0 3.0 34 20
B.—>J/y (uut) n'(mten (y)) 2.2 2.0 32 19
B.—>D (K*K-1) D (K*K-1*) 4.0 0.3 56 6




With SM inputs: Am_,=17.5/ps, $;—=-0.04, AI'.//T_,= 0.15
and 2/fb stat:

m Channels alog) [rad]  Weight (o/0:)% [ % ]
B: — J/v n(mt 79) ().142 2.3
B: — D.D. 0.133 2.6
Bs — J/¢ 5~y v) (0.109 3.9
B: — .o 0. 108 5.9
Combined (pure CP eigenstates) 0.060 12.7
Bs — J/vo¢ w NT.3
Combined (all CP eigenstates) (D.D:ZZD 100.0

)i Wwill reach o(¢,) ~ 0.08 (10/fb, Am=20/ps, 90k J/y¢ evts)

will reach o(¢,) ~ 0.07 (10/fb, on J/y¢ evts, no tagging)
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Nominal inputs

Very small dependence on o value for

B, — J/uvo

Mot very sensitive to Al's/I's value

Does not depend on sign of ¢, for: Better sensitivity for larger Al's /I

#& pure CP eigenstates

# B; — J/v¢ and one-angle angular

analysis

— better separation between ['1, (short
lived, CP even) and I'yg (long lived, CP
odd) eigenstates
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0 2 same order tree level amplitudes (oCA3) : S }K+
u

'Yfrom B, > D K+

large asymmetries, NP components unlikely! BO b 5
0 From the measurement 4 rates and 2 S {5 S }Ds
time-dependent asymmetries one gets y+¢ Sy
(with ¢, from B.—J/yd) ) = N\N< C }Ds
BO b U _
‘ DK asymmetries (5 years, Am =20 ps) S {S S }K
~ 05
M .
a'025 | | | r.‘ TH
g‘ 0L WAy LN, "1\ | ' ' '
< \/ | i H]l | H * (] ' Yield: 5.4k signal events in 2/fb,
—025 F o P }l { 1ok residual contamination from
_0.5:....QS.KI....I....I....I....I........ BS_)DSTC —~ 1090
Q 0.5 ¢ 1{ ‘ S/B > 1 at 90% CL
8025 | } } | + H + H ‘ Precision: o(y) — 13°
E\ 0 s e } | | (Amg = 17.3/ps , _200<Astrong<200)
< g “ gt { | \ Discrete ambiguities in y can be
—0.25 D +K- H resolved if AT’ large enough, or
cos Ml using B°—Dn and U-spin symmetry



from B







LHCh

> 3 observables, 5 parameters (7, 8z, I'g, 0517, k™), rpk™ ~0.06 known
add more D-decays to constrain further:
D — Knnmt (Cabibbo favoured + DCS)
v’ 4 new rates with 2 new parameters, 6,K%" ; ;%" ~0.06
D — KK (CP eigenstate)
v’ 2 new rates, no new unknown: rpK=1;5,%K =0

— this may come
=» 7 relative rates and 5 unknowns: Y, I, 0g, 0<%, oK™ ) from CLEO-C

Precision: o(y) ~4 - 13 in 1 year, 2/fb
depending on 8,X* (-25 < 3 X" <25)
and on 8<% (-180 < 653" <180 )

» Extraction of y via Dalitz study (D— K ) is under investigation.



B~ — (Kemm)po K™
Dalitz analysis.

Distribution of kin. variables...  Detector/yield studies:
.in our implementation 0 Acc ~flat (within stats)

cZ:fECliE'I-E.I'lS is::.:jar' Ml:ljl-EI o ~ |.3k eventsf}rear
used in sensimvity studies.
e o 0.5 < B/S < 3.2 (90% CL)

in data at BaBar:

55 1 I m2 o |
-‘E'S g | ‘|, Ko™ | g Sensitivity study
58 it 1.3k events, ignoring backe.
EE = S B T and detector effects, for
af e i Y=60, 5=130, r, =8%:
ot | | ' . -

§§ Tl BN 4 o)~ 16

@ = ' | i & '

G v | A "',r ! rg dependence:
Y VL (e i
o .. T Al sy Ve use UTFit's global fit result,

' e | | rg= 8%. BaBar/BELLF’s value from

this channel is doser to 15%.



4 body Amplitude
Analysis

What works with D' — K_77 should also work
with DY — KTK=xt#~

Particularly suitable for LHCb: No neutrals, benefits from
K/t separation by LHCb RICH.

4 body amplitude analyses are a bit trickier than 3 body:

® Need 5 instead of 2 parameters to describe kinematics,
. 2
and phase-space is not flat in 772;; parameters.

e Amplitude structure a bit more complex, with several
intermediate states in decay chains.

But can be done. See FOCUS in Phys.Lett. B610 (2005)
225-234 (hep-ex/0411031) (for D’s not from B's)



Amplitude analysis

of B

L

(KTK™ 7777 ) poK:

MC input values: =60 § =130°rg = 8%

Fitting 60 toy experiment

with |k events each:
mean-trms
63°+21°
130°+£17°

ig/ﬁ xﬂ*"‘ﬁ'
{ @@% log £
N

i
0

All preliminary, all without
background or detector effects

Assuming | HCb yields of |.5k/year and
rg = 8%, expect o(y) ~ 20%in | year.

High hopes for for ADS-type 4-body
channel BT — (Kzrmm)pe.K™, which has
stronger interference, i.e. ry closer to |.

LHCDb specific yield and sensitivity
studies for both channels pending.



Y from B— nw, B— KK

/

O Large penguin contributions, sensitive to NP!

dir

Q Evaluation of Ag; and AT parameters A" (7) = r.cos(x-7)+ Al -sin(x-7)
. P -

from time-dependent measured asymmetry COS{M.TJ_AM.SW{AF.,)

depend ony, mixing phases,

and ratio of penguin/tree = d e

—

0 Assume U-spin symmetry d__=dc, 0= 0,«
(and ¢s 4 from B—J/y¢, B—>I/yK; )
— solve for y

d  urbitrury units
=]
Lh

=
)

B0 — #tm
(95% CL)

Precision: o(y) ~ 5°
LHCD (but model dependent) esf

—

: B, KK
Expected Yield ( 1vear 2/fb) (95% CL) ¥
> 26k BO—>nrtr- , w 02 [ y T |
» 37K Ba>K'K7, - ¢ i T e e
> 135k BO—)K+7'C_ 20 ¥ (degrees)  wrbitrary units

O S05 51505 52 35 5.4 545 55 _ ’Y ( )
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Thanks to the interferences between the transitions B — pmt — T T°TT"

we can simultaneously extract a with amplitudes and strong phases
from the time dependence of the tagged Dalitz plot

Ol fromB° 5 pn

[Snyder,Quinn,1993]

0 Simulate the experimental effects:
resolution, acceptance, wrong tag, ...
Assume B/S=1 (mix of flat and resonant p)

Q Maximize the likelihood wrt aftand the
background ratios rfit (12D fit)

Mean 7.243

200

70 expts averaged (L=2fb-1)
|

85% converge to the correct solution™

0

agen

90% of experiments have 0, < 10°

*prob. of mirror solutions decreases with stats, down to ~0.2% for 10/fb



Ol fromB°— pp

Measuring the time dependent asymetry of B > p*p-provide o = o + Aa

A (t) =S sin(Amt)—C" cos(Am,t) a2 R A
with s =\1-C; " sin(2a,) %ﬂ
‘ Ao = A-°
LHCDb is not competitive with current B-factory performance

In p*p~. The main contribution of LHCDb to the pp analysis
could be the measurement of the B > p% mode

12F T - Bspp - WA winter 2008 N
Y' I d - 2 /fb - L —— " O+ B ™8™ from LHCh (5(S")=04)
lelds In : he
of| : '. : :

B > p*p : 2k (B/S<5, 90%CL)

B* > p*p®: 9k (B/S — 1) |

B > p%0 : —0.5k, assuming a BR=0.5 10-°
(Babar: B” =(0.54% +0.19)10° )

_—L AN |-
0 20 40 60 80 100 120 140 160 180

o (deg)



1 —-CL

Ol from B° — px, pp combined

1.2

0.8

0.6

04

02

...... B—spn - LHCh 2fb”
% ....... B—spp - (p"p’ from LHCh 2fb™)

LHGChH 2k
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. o +5.9°
a=97.0° 35

1 year data
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Summary table

Angle Channel Yield* By,/S LHC (2/1b)
p
b B By > J/W Kq 216k 0.8 o(B) =~ 0.6°
Ba = ¢ Kg 0.8k <2.4 o) % 12°
Bs > J/WO 125k 0.3
o, Bs > J/Wn 12k 2-3 o(¢.) = 1.2°
Bs - n.® 3k 0.7
Bs &> DsK 5.4k <1.0 o(y) % 13°
Ba > ©n 26k <0.7 -
Bs — KK 37k 0.3 o) ¥
Y By — DO(K-mt+)K*0 0.5k <0.3
Byq — DO(K*m)K*0 2.4k <20 || o(})~ 8
Bag — DCP(K+K')K*O 0.6k <0.3
B-— DO(K*m)K- 60k 0.5 } N
B—> DO(K-+)K- ok 05 [oM=r4-
o By — 7p, pp 14k 0.8 o(a) < 10°

* Untagged annual yield after trigger




Summary

Measurement of ¢, with ~1 precision in 1 year

Measurement of y in trees and loops and check for

- Many channels for the tree topologies - expect to reach a few
sensitivity in 1 year

-The measurement of yin loops should be possible inB 2oz with <10
precision. For the study of pp final states, the megdsurement of BR(B=20°0Y)
together with the measurements of asymmetries at B factories will further
Improve precision

If difference is observed we need a model to relate
# of degrees in 4yto masses and couplings of NP !!!
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