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Potential for precise Unitarity Triangle
angles measurements in LHC
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Current SM fit predicts osf
(including CDF result on Am,) B

o = 94.6°  4.6° of
B = 23.9° + 1.0° ;
Y= 61.3° £ 4,5° el
o= 2.1° £ 0.2° :

Desperately consistent... |

But: New particles may show up in loop diagrams, )
overconstrain will allow to disentangle SM components
from the New Physics ones — need very high precision!




LHC experiments with a B in the menu

Muon Detectors Electromagnetic Calorimeters
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Shielding

Barrel Toroid Inner Detector

Hadronic Calorimeters

B physics using high-p muon, mostly with modes involving dimuons.
Pythia production cross section
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B physics dedicated experiment:

pT of B-hadron
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! . pp interactions/crossing
Trigger & Tagging e
io O ln
g 2|15
" Atlas: B trigger output rate: 10-15 Hz, oy — 13
: ) 0.6 1<
Tagging &4 —4% _ =
CMS: 5 Hz inclusive + ~1 Hz exclusive 04} i<
will both run a few years at L<2x1033/cm?/s 02: =1 ]
with n(pileup)<5, after that n ~ 25 | / 2314
_ 4
LHCb: L~2x103%/cm?/s, n(pileup)~0.5 o )?4033
: 1 1 1
Tagging &.4: 4% - 5%(B,) 7% - 9%(B,) Luminosity [cm-2 s-1]
Trigger output:
. Use for
Rate Event type Use for physics calibration/systematics
200 Hz Exclusive B B (core program) Control channels (tagging, ...)
600 Hz High mass dimuon 130 Hz of B—J/yX Tracking
300 Hz D* 65 Hz D* (mixing + CPV) Hadron PID
900 Hz Inclusive b (e.g. b—u) 550 Hz of B (data mining) Trigger
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B from Bo - J/yK,

0.2

d The ‘gold plated’ channel at B-factories -
already well measured by Babar/Belle ACP-O-Z_

Q Still an important measurement: 04}

0.6

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

08= 1 1 1 v &y by by ]y

‘ ‘=O in SM I=sin 23 Proper time: (ps)

We(®s) In one year, 2/fb, with 216k events, o(sin2pB)~0.02, o(B)~0.6°
AWEEN  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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¢S from B,— Jiyo (n,n’...) AN

a B. —=J/v¢ is the B, counterpart of B®—J/y Kq |

Q In SM ¢s=-2arg(Vys) = -2A"n ~ -0.04

Q Sensitive to New Physics effects in the B.-B, system
if NP in mixing = ¢ = ¢s(SM) + ¢5(NP)

I

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

Yield BSs | o

(0)
Channels used T mass
(103/2 fb'l) (fs) (MEV/CZ)




With SM inputs: Am_.=17.5/ps, ¢.=-0.04, AT',/T, = 0.15

R:=0.2 and 2/fb stat:

Channels aloe) [rad]  Weight (o/0:)? [ % ]
B: — J/U n(nt 7~ 79) (0.142 2.3
B: — D:Ds (0.133 2.6
Bs — J/¥ n(y 7) 0.109 3.9
B — 1.0 (). 108 3.9
Combined (pure CP eigenstates) 0.060 12.7
B, — J/v¢ w 87.3
Combined (all CP eigenstates) (D.D:ZED 100.0

I\NdEEX® will reach o(¢,) ~ 0.08 (10/fb, Am_,=20/ps, 90k J/yd evts)

will reach 6(¢,) ~ 0.07 (10/fb, on J/y¢ evts, no tagging)
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Y from B, —» D* K+

d 2 same order tree level amplitudes (o<A3) :
large asymmetries, NP components unlikely!

d From the measurement 4 rates and 2
time-dependent asymmetries one gets y+o,

(with ¢, from B,—J/yo)

‘ D.K asymmetries (5 years, Am_=20 ps1)

o
@)
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0.25 |

|

) s 1K+
BY{: Iy,
_ 10!
BI{S UK

Yield: 5.4k signal events in 2/fb,
residual contamination from

B. > D.,n ~ 10%

S/B > 1 at 90% CL

Precision: o(y) ~ 13°

(Amg = 17.3/ps , ~20°<A0,q<20°)
Discrete ambiguities in y can be
resolved if AT’ large enough, or
using B—Dn
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’Y from B0 — DOK*

[Phys. Lett. B270, 75 (1991)]

b C }[_)0
B- Mz V7
K
d df _
b u1p’ A=A
BO% VM/‘< (s: } %0 A;=A(B® —» D°%K*0): b—c transition, phase 0
. d d }K A, =A(B° —» D% *9): b—u transition, phase A+y

A, =V2 A(B® = DpK*0) = A +A,, because Dop=(D%+DO)/N2

e Measuring 6 decay rates (self-tagged and time-integrated)
allows extraction of vy

Modes (+CP conj.) Yield (2/fb) S/B,, (90%CL)
BY —» DO (K+r~) K*O (K*m-) 3.4 k > 2.0

B0 — DO (K—rt*) K*O (K*m) 0.5k > 0.3
BO — DO (K*K~) K*O (K*r) 0.6 k > 0.3

Precision: o(y) ~ 8° (in 1 year, 2/fb, for 55°<y<105°, |[A|<20°)
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Y from B - DK

[Atwood, Dunietz, Soni method]

€ Measure relative rates of B-—— D(Kr) K- and B*— D(Km) K*
= Two interfering tree B-diagrams, one colour-suppressed (r; ~0.077)
= Two interfering tree D-diagrams, one Double Cabibbo-suppressed (ry%* ~0.06)

— large Iinterference because of similar amplitudes! |

S\~ b u Y
N‘N< K e Vl/y,,< c D
u D’ u u K
colour-suppressed
s
o C
Double Cabibbo-suppressed

—rb
B{>

colour-allowed

DY S VK-
Cabibbo-favoured

measure.
) o 14 (rgrE™)? + 2rprE™ cos (53 - 05 - ’r)
) x oy + (1"5‘"];2 + 2rpry" cos (53 + 60T — 'y) )
)

2

x 1+ (rpriy™)? + 2rgri™ cos (53 — o5 + ’r)
2
x 15+ (r7) + 2rpry" cos (65 + 05" + '}f),

Weak phase diff.: vy
Magnitude ratio: r
Strong phase diff.:  §;

Magnitude ratio:
Strong phase diff.: §,%*

favoured ~60k evts

suppressed ~0.5k evts
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Licy

» 2 observables, 5 parameters (Y, g, 15, Op<%, 1p5™) , X" ~0.06 known
add more D-decays to constrain further:

D — Knntr (Cabibbo favoured + DCS)

v 4 new rates with 2 new parameters, 0,%°"; %" ~0.06
D — KK (CP eigenstate)

v’ 2 new rates, no new unknown: ry*k=1; o,k =0

this may come
=» 7 relative rates and 5 unknowns: v, rp, 513» from CLEO-C

Precision: o(y) ~ 4°- 13° in 1 year, 2/fb
depending on 8% (-25°< 8 %" <25°)
and on 0, (-180°< 6,%*<180°)

» Extraction of y via Dalitz study (D— K rr) is under investigation.
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Y from B — nx, B,— KK

Bys

A Large penguin contributions, sensitive to NP!

Q Evaluation of A and A% parameters A (7) = Ag -cos(x-T)+ AR’ -sin(x - 7)
from time-dependent measured asymmetry cosh(Ar-rj—AAr-sinh(Ar-rj
depend on vy, mixing phases,

and ratio of penguin/tree = d ei®

—

0 Assume U-spin symmetry d_ =d,, 0
(and ¢ 4 from B,—J/yo, B—1/yKj )
— solve for vy

nn: eKK

d o urbitrury units
=)
Lh

BY - #tfm
(95%4CL)

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

; B KK
Expected Yield (1year, 2/fb) R N/ (95% CL) ¥t
> 26k B'—nin 02 — o\ T :
> 37k BS%K—FK_, © l‘{'--ﬁz-e-”-;(-)_tsh(;_“hsﬁém166"“-1:2_6“_11(;_ 160 180 B I
> 1 35k BO%K'FTC_ ¥ fdegrees) wrbitrury units

Y (®) 15
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Ol fromB = pn

Thanks to the interferences between the transitions B — pt — T O
we can simultaneously extract oo with amplitudes and strong phases

[Snyder,Quinn,1993]

from the time dependence of the tagged Dalitz plot

m2(nrnc)

s =
w =)

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

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

70 expts averaged (L=2fb-1)

Mean 7.243

85% converge to the correct solution*

Ggen

1 1
0 40 60 80 100 120 140 160 180

o ()

90% of experiments have O, < 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 + Ao

A (1) =S, sin(Amyt)—C cos(Amyt) netie A
with S, = wll—C;/;2 sin(2a; ) %NA“
A = A0

LHCDb is not competitive with current B-factory performance
in p*p~. The main contribution of LHCb to the pp analysis
could be the measurement of the B > p%® mode

120 Erm Bspp - WA winter 2006
YI e | d s | n 2 /f‘b . L. T+ BYC™s™ from LHCh (o(S™)=04)
| | 1~

B > ptp- : 2k (B/S<5, 90%CL)
Bt > p*p0: 9k (B/S ~ 1) 7 06
B > p%0"° : ~0.5k, assuming a BR=0.5 106

(Babar: B” =(0.5473 +£0.19)10° )

CL
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1 —-GCL

Ol from B° - pr, pp combined

1.2

0.8

0.6

04

0.2

B—spr - LHCh 2fh”
B—spp - {p“p" from LHCh 2fb™)

i

LHCH 2fb
[ ] Combined
_ o +5.9° a
a - 97.0 —3.80
1 year data

TR W e
- [
'”_”_,.J-\-I.__'.
- .
1-'-
e

T T _.I-T"I T T I T T T | T T T | T T T I T T T | T

20

40

60

80 100

o (deg)

120

140

160

P T T |_.+-|.-.|...I-..I-.T...;_.I...I- S P

180

15

1

0.5

-0.5

-1.5

15

0

-1

World% Ave 2006




Summary table

N

Angle | Channel Yield* | B,,/S | LHC (2/fb) Thel‘i’ﬁt'ca'
3 Ba — J/W Kq 216k 0.8 o(B) ~ 0.6° | o(B) ~ 0.2°
Ba — ¢ Kg 0.8k <2.4 o(p) = 12° o(B) ~ 2°
Bs —» J/WO 125k 0.3
os | Bs—3/Wn 12k 2-3 o(o;) = 1.2° | o(¢) ~ 0.2°
Bs - n® 3k 0.7
Bs — DsK 5.4k <1.0 o(y) = 13° o(y) «1°
~y B° -spin
Bs — KK 37k 0.3 } G(Y) 2 symmetry
v | Bg = DO(K'm*)K*°® | 0.5k <0.3
Bs — DO(K*m)K*® | 2.4k <20 || o(y) = 8 -
Ba — Dcp(K*K)K*0 | 0.6k <0.3
B-— DO(K*m)K- 60k 0.5 } o )
B— DO(K-n*)K- 2K 0.5 |[C(MR4-13" 1 o(y)«1
o B, — mp, pp 14k 0.8 o(a) < 10° o(a) ~ 1°

* Untagged annual yield after trigger
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Conclusion

#LHC experiments will allow to measure
the Unitarity Triangle very precisely

#loop processes Iin the flavour sector

will probe high energy scale!

..why penguins have short lives 2t




