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~ Plan of Talk

e Profile of B-Physics at the LHC
e Current Knowledge of |Vekwml|
e B-Factory measurements of a, 3, and improvements at the LHC

e Some selected Radiative Rare B-Decays

e b — sv: SM vs. Experiment

e b — dv: Example: B — (p,w)~: Current Status

e Dilepton Mass Spectrum and Leptonic Forward-Backward Asymmetry
in B — K*¢+t¢—: Current Status and Benchmark Measurements

e The Decay B, — putT ™ in the SM and SUSY

e Summary
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B-Physics at LHC
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B-factories vs. b-factory |

e'e” > Y (4S) > BB

pp—bbX (Vs = 14 TeV, At ,=25 ns)

PEPII, KEKB LHC (LHCb—ATLAS/CMS)
Production oy, 1 nb ~500 pb @
Typical bb rate 10 Hz 100-1000 kHz
S _ O/ Oine; = 0.6%
bb purity /4 Trigger is a major issue ! ®
Pileup 0 0.5-5
B*B~ (50%) B* (40%), B® (40%), B, (10%)
b-hadron types BOBY (50%) B, (< 0.1%), b-baryons (10%) @
b-hadron boost Small Large (decay vertexes well separated)
Production vertex | Not reconstructed Reconstructed (many tracks)
Neutral B mixing Coherent B°]§° pair Incoherent B? and B, mixing
mixing (extra flavour-tagging dilution) @
= Many particles not associated
Event structure BB pair alone with the two b hadrons

Vancouver, 9-12 April 2006

Flavor Physics and CP Violation

Andreas Schopper =

24 QOctober 2006

Theoretical Interest in B-Physics at LHC (page 4)




\_

Completing the program on B Physics... |

» Precise measurement of BOS-EOS mixing:
Amg, AT’ and phase ¢

» Search for effects of NP appearing in suppressed
and rare exclusive and inclusive B decays

» Precise y determinations including
processes only at tree-level, in order to
disentangle possible NP contributions

» Other measurements of CP phases in
different channels to over-constrain the
Unitarity Triangles

B.—»Dgm, ...
B.—>J/wd, Bi—>J/yn)

B s°—>Xy, BOK*I*,
b—sl*l, Bi—utp ...

B.—~D.K,
B°—DOK*0, B*—DK*,
B—nn & B(—KK, ...

BO— oK, B,—09, ...
B%—pn, B%—>pp, ...

Vancouver, 9-12 April 2006 Flavor Physics and CP Violation

Andreas Schopper 3
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Expected Physics Performance |

B-mixing:

» “control channel” B’—J/y Kg
» Am, with B’ — D

> ¢ and A", with B — J/yé (n)

Suppressed and rare decays:

» Exclusive b —> s uu-

> B -p

Measurement of vy:

» from B~ DK

» from B%— DK™

» from B* — DK*

» from B’—>ntn~ and B.>KK-

Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper 15 )
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~ The Cabibbo-Kobayashi-Maskawa Matrix

Vud Vus V'u,b
Vekm = | Vea Ves Vb
Via Vis Vi

e Customary to use the handy Wolfenstein parametrization

_ 132 3(_ 2
1 -2)\2 , )\1 ) AN (p X in)
AN (1 — p—1in) —AN? (1 + iX%n) 1

e Four parameters: A, A\, p, n
e Perturbatively improved version of this parametrization

p=p(1—X2/2), 7=n(l—A/2)
e The CKM-Unitarity triangle [¢1 = 3; ¢2 = a3 ¢35 = 7]

77 f §
(P, 1)

Q
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(-Summary of the First 2 Rows of Vi

|Vua| = 0.97377(27) [PDG 2006]

|Vus| = 0.2257(21) [PDG 2006]

|Vaw| = (4.40 & 0.20 £ 0.27) x 10~2  [PDG 2006; inclusive]

V| = (3.8470°57) x 10~3 [PDG 2006; exclusive; Lattice-QCD & LC-QCD SR]

Unitarity of the Ist Row of Vekm

1 — (|Vaa|? + |Vaus|? + |Vas|?) = 0.0004 4= 0.0011 [Schune, EPS, 2005]

V.a| = 0.230(11) [PDG 2006]
|Ves| = 0.957 £ 0.017 £+ 0.093 [CLEO-c; Lattice QCD; PDG 2006]

|Ven| = (41.70 £ 0.70) x 1073 [PDG 2006; inclusive]
V| = (40.9 £ 1.8) x 10~2 [PDG 2006; exclusive]

Unitarity of the first two Rows of Vikwm

Yucdss|Vij|? = 2.002 +£0.027 [LEP Average]

e Conclusion: No BSM Physics in the first two rows of Voxm
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. |Vup| from inclusive B — X, fv, decays (HFAG: ICHEP 2006 Update)

CLEO (endpoint)
4.09 + 0.48 + 0.36 -

BELLE (endpoint)
4.82 +0.45 £0.30

BABAR (endpoint)
4.39 +0.25 + 0.39 ®
BABAR (E,, %)
4.57 +0.31 £0.41
BELLE m,
4.06 +0.27 £0.24 A
BELLE sim. ann. (my, q°)

4.37 £0.46 +0.29 A
BABAR (my, q°)
4.75 +0.35 £ 0.32

| 4

Average +/- exp +/- (imb,theory)

4.49 £0.19 = 0.27

x*/dof = 6.1/ 6 (CL = 40.7%)
OPE-HQET-SCET (BLNP)

Phys.Rev.D72:073006,2005

m, input from b— c1v and b— s Yy moments |
] ] ] ]

2 4 36
V.1 [x 107]

- J
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~ | Vup| from Exclusive decay B — mwluy

(HFAG: ICHEP 2006 Update)

Ball-Zwicky full g2

340+ 0.11 + 0.66 - 0.42
HPQCD full g2
3.86+0.13 +0.83 -0.50
FNAL full q2

379+ 0.13 + 0.87 - 0.52

APE full g2

3.58£0.12+1.10 - 0.57

| | ICHEII:’OS

\_

4

IV I [x 1077
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(Status of the Third Row of Ve
| Vi |

e From direct production and decays of the top quark (hep-ex/0505091)
_ B(t—>W+b) . | Vi|?
CBt—=WH+3.a)  |Vial® + [ Viel® + | Vis|?

R = 1.12737% (stat) 7315 (syst.)

e Assuming CKM unitarity & CDF Data = |V}| > 0.78 ( 95% C.L.)
| Vid|

e From BY - BY Mixing; AM, = (0.508 £ 0.004) ps—! [HFAG 2006]
e SM (Box contribution with NLO QCD corrections) (z¢ = m}/m3,;)

2

G R
AMy = 6—7;ﬁ3|%d‘/;52|2MBd(fédBBd)MéVSO(wt)

So(x) 1+9 1 3 1 3 z?Inx
€XT = € - — — _———_  — V-
0 4 4(1—-=z) 20 -—=z)2 2(1—=x)3

o 8
% (Bal(07u(1 = 75)a)*|By) = 5 f5, B, Mp,
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~ —In(L) vs. R from t-quark decays ~N

[D. Acosta et al. (CDF Collaboration); hep-ex/0505091]
—_—— 4
— I — 1F
= o :
"3 0.5[
2 O—%5 4 75 2 3.5R
- _ + 0.27
1~ CDF II R_1.12_0_23/
Oi | ‘ ‘ ‘ ‘ ‘ ‘ |
1 0.5 __ 1 1.5 R
o |
0.8}
0.6} Bl 959% C.L.
I 909% C.L.
4 ] 68% C.L.
047055 1 15
R
\_ J
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(|th| and |V;| with Lattice-QCIP%d|

e Unquenched Lattice-QCD [Gray et al. (HPQCD); Aoki et al. (JLQCD)]:
Bg,fs, = 244 + 26 MeV; m,(m;) = 162.3(2.2) GeV; Sp(z:) = 2.29(5)

. 5,244 MeV_ | 2.29
ViV = 7.4 X 1077 ]

\/ BBded SO(wt)
e Lattice-QCD & SM = |V;% V| = (7.4 £ 0.8) x 10~* [PDG 2006]

A
e BY- BY Mixing: AM, = (17.77 £ 0.10 (stat) £ 0.07 (syst)) ps~* [CDF 2006]
o SM: AM, = SEijp|V, V|2 Mp, (f3 Bg,) M2,So(x)

e Lattice-QCD: 1/ Bp, fz, = 281 &+ 21 MeV [HPQCD 2006] &
|V*Vip| = 4.1(1) x 1072 = AM, = (20.3 £ 3.0 + 0.8)(ps) !
e Using the ratio AM /A My, and Lattice-QCD (Okamoto et al.) : £ = 1.21f8j8§§
AM, Mg, |Vis|* f%.Bs,
AM; Mg, |Vl 2,Bp,

% — |V;a/Vis| = 0.2060 £ 0.0007 (exp) T9-908(th) y

£ =
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(-CDF Measurement of AM; [hep-ex/0609040]

Amplitude
Nn T

N

o

—_

Amplitude
L o

0

— combined
- - - semileptonic
— hadronic
.h.a.d.rlo.nl.c.l...l.. L L L _20. L .I...I.I.—'.—I.I....I....
5 10 15 20 25 _?0 0 5 10 15 20 25 _§0
Am, [ps’] Amg [ps ]

e Using the Amplitude Analysis Method by Moser and Roussarie

o A is the Logarithm of the ratio of likelihoods A = log[£A=0 /LA~ (Am)]

Fitted Amplitude

P R
o 0.05 O.1

— 1

= T T
r 1

u —

r 1

- — 1

I —e— data T

C cosine with A=1.28

AU N T T IS S S [N S ST S TSN SN ST S MR
O0.15 0.2 0.25 0.3 0.35
Decay Time Modulo 2it/Amg [ps]
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(-AMS (expt) vs. SM Estimates ~

e Indirect UT-based fits
AM, = (20.9 + 2.6) (ps) ! [UTfit 2006]

AM, = (21.7753) (ps)~" [CKMfitter 2006]

e Lattice QCD Calculation [HPQCD; hep-lat/0610104]

fB.,\/Bp, = 0.281(21) GeV & |ViV;y| = 4.1(1) x 1072
—> AM, = (20.3 £ 3.0£0.8) (ps)~!

e CDF Measurement:
AM, = (17.77 & 0.10 £ 0.07) (ps)~*' [CDF 2006]

AMSFPY

AMSM —

0.85 4+ 0.10 [UTfit]; 0.82 £ 0.20 [CKMfitter|;0.88 4+ 0.13 [HPQCD]
e SM estimates for AM, larger compared to CDF by circa 1o

e Error dominated by theory

- J
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¢s and AI'; from B§—>_JI\|:¢ (n,n’...) |

» SU(3) analogue of B—J/yK, measuring the B - B, mixing phase

> in SM ¢, =—arg(V,2) =-2An? ~-0.04 = increased sensitivity to New Physics

» large CP asymmetry would signal Physics Beyond SM

> also needed for extracting y from B,— DK or from B— nn and B, > K K
JAvd is not a pure CP eigenstate:

v 2 CP even, 1 CP odd amplitudes contributing
v need to fit angular distributions of decay final

states as function of proper time (needs external Am,)
v requires very good proper time resolution

Expected sensitivity: (at Am, = 20 ps')

v' LHCb: 125k Bs—J/y¢ signal events/year 3 .
> 6, (sin $.)~0.031, 5. (ATJT.)~ 0.011 /(1year, 2fb-1) 5= % >0 LHCb
2| O (sin ¢,)~0.013 after first 5 years,|adding pure ”:::::
CP modes like J/yn, J/yn’ (small improvement) o
v ATLAS: similar event rate as LHCD but less sensitive ::::
> o, (sin $.)~0.08 (lyear, 10fb™") wt
v CMS: > 50k events/year, sensitivity study ongoing LI I R W4

Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper 18
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~ Interplay of Mixing & Decays of B” and BY to CP Eigenstate N
e Involving tree-dominated B-decays (b — cés), such as B°/BY — J/¢yK,; J/VK,
_ DBt = f) =T(B(t) = f)
Af(t) - 0 0
L(BO(t) — f) + T(BO(t) — f)
= Cycos(AMpt) + Sysin(AMpt)

ECYIREY _ 2 1Im)y
Cr= (IAf2+1)" S = (IXf12+1)

e Definitions:

— . A
A= (af) o) o) = 30
A(f) = (fIH|B®); A(f) = (fIH|B)
q/p = éz—“fg — o 2Pmixing — =20

e If only a Single Amplitude dominant, then one can write:
p(f) — nfe_2i¢decay
where ny = %1 is the intrinsic CP-Parity of the state f = |p(f)| =1
Ay(t) = Spsin(AMpt); Sy = —ny sin 2(Pmixing + Pdecay); Cr =0

- J
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/-Current World Average [ICHEP 2006]

sin(2) =sin(20, BEAS,

PRELIMINARY

BaBar 0.710+0.034 £ 0.019
H 1 I
hep-ex/0607107

»

Belle o 0.642 +0.031 0.017

|
hep-ex/0608039

Average 0.674 + 0.026
HFAG

0.5 0.6 0.7 0.8

\_
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sin(2p) from B'>Jly K |

> “gold-plated” decay channel at B-factories for measuring the B - B 4mixing phase
» needed for extracting y from B — nn  and B,— K K, or from B — D'
> in SM A%-0, non-vanishing value ¢{0.01) could be a signal of Physics Beyond SM

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

Ap(t) (background subtracted)

One of the first CP measurements at LHC:
v" demonstrate CP analysis performance 02
v study tagging systematics

Expected sensitivity:
v' LHCb: 240k signal events/year
A 0,.,(5In(2PB)) ~ 0.02 (lyear, 2tb!)

v' ATLAS: similar sensitivity for 0.6
(first 3years, 30fb1)

-0.8

Search for direct CP violating term...

Proper time (ps)

Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper 16
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~ Current World Average of o [CKMfitter 2006]

om B > nn WA

el . B — prw (Babar) [1 Combined
- B — PP —e— CKM fit

1.2

1-CL

I ‘ I ‘ I ‘ I ‘ | odeetf

.

.
="«

80 100 120 140 160 180

o (deg)

ICHEP 2006 Update: o = [92.675%7]° [Direct Measurements]
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~ Current World Average of v [CKMfitter 2006]

B \ \ T \ \ | | ]
- N9/m - DWKYGLW + ADS | WA | -
1.2 = BEAUTYOS ... DWK™* GGSZ == Combined
Bl Full frequentist treatment on MC basis 1
_l 'f. "\ ;
O 3 ]
I ‘,‘ |
O ;‘\" | | | | | | | | | | | | | | | | | | |~~|'“|- - l = W — J-ﬁ-#-F‘j

0 20 40 60 80 100 120 140 160 180

Y (deg)
ICHEP 2006 Update: v = [60753]° [Direct Measurements]
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~ Projected Precision on v at LHC

e v from B, - D, K — o(vy)~14°in1 yearat2fb!
— 2 time-dependent asymmetries from 4 decays: B,(B,) — D, K" DK~
— 2 tree decays (b — ¢ and b — u) of same magnitude (~ \?) interfere via B, mixing

o v from B - D°K*® — o(vy) ~8%°in1lyearat2fb!

— Dunietz variant of Gronau-Wyler method [Phys. Lett. B270, 75 (1991)]
— Two color-suppressed diagrams interfering via D’-meson mixing

— 6 decay rates, self-tagged and time-integrated

o v from Bf - D°K* — o(v)~5°in1yearat2fb!
— based on Atwood-Dunietz-Soni method [Phys. Rev. Lett. 78, 3257 (1997)]
— measure relative rates of B~ — DY(K7)K~ and BT — DY(Km)K*

o vfromBY — ntnr~and B, - KtTK~ = o(vy)~5°inlyearat2fb!
— large penguin contributions in both decays — sensitive to New Physics
— measure time-dependent CP asymmetry for B — 77~ and B, — K"K~

— (' and S depend on v, mixing phases, and penguin-to-tree amplitude ratio d e
— exploit “U-spin” symmetry (d < s) [R. Fleischer, Phys. Lett. B459, 306 (1999)]

\_
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(-SM confronts current measurements in the quark flavour sector \

1 -5 T T T T I T T T T T T T T T T T T T T T T T T T T
M excluded area has CL > 0.95|, % 1
— 1 = ]
L Y ! %, |
- i =S i)
1= = Amg, i |
0.5 — e
Eitsc -
&= Ol—---- ) e e o fiane
L I V /v it
-0.5 — =
= Ex |
e a e
-1 i =
= @ E sol. w/. cos2B < 0 =
: BEAfulj—:/tzﬁo.;; ' "Y (excl. at CL = 0.95) |

_1 5 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1

-1 -0.5 (0] 1 1.5 2

0.5
e sin283 = 0.675 4 0.026(8 = [21.2%J_r(1,:33]°) [Direct Measurement]
B = [22.0375°%21°) [Fit-value]
o o = [92.673%"]° [Direct Measurement]
o = [99.0759]° [Fit-value]
o ~ = [6013%]°[Direct Measurement]
v = [59.073°7]° [Fit-value]
\ ° Direct and indirect measurements of angles agree well )

24 October 2006 Theoretical Interest in B-Physics at LHC (page 23)



~ Inclusive Rare B decays

Two inclusive rare B-decays of experimental interest
B — Xsv and B — Xt~

X = any hadronic state with S = —1, containing no charmed particles

Theoretical Interest:

e Both measured; accurate measurements anticipated at B-factories and LHC
e Non-perturbative effects under control

e Sensitivity to new physics
Status of the NNLO perturbative calculations:

e B — X,TIl™: completed several years ago
[Bobeth et al.; Gambino et al.; Asatrian et al.; Ghinculov et al.; Huber et al]

e B — X,v: Just completed
e The first estimate of B(B — X4v), Misiak et al. (17 authors), hep-ph/0609232

e Analysis of B(B — X,v) at NNLO with a cut on Photon energy,
T. Becher and M. Neubert, hep-ph/0610067

\_
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The effective Lagrangian:
10
4G R
L = Locpxorp(q,l) + W Vi Z Ci(p)O;
(q:U,d,S,C,b, lzealu) =1
¢ _ :
(SFiC)(CF;b)? L= 17 27 |Cz(mb)| ~ 1
(EFib)Eq(QF;q), i =3,4,5,6, |C;(my)] <0.07
0; =14 M5 0MbpF,,, i=T, Cyr(my) ~ —0.3
fg?rggLO'MVTabRsz 1 =8, Cg(mb) ~ —0.15
2 - .
| 162 (5yubL) (I sl), i =9, |Ci(my)| ~ 4
Three steps of the calculation:
Matching: Evaluating C; (o) at po ~ My by requiring equality of the SM and the
effective theory Green functions
Mixing: Deriving the effective theory RGE and evolving C; () from pg to pp ~ my
kMatrix elements: Evaluating the on-shell amplitudes at py, ~ My

24 October 2006 Theoretical Interest in B-Physics at LHC (page 25)



~ Structure of the SM calculations for B — X, ~
10

Her ~ » Ci(p)O;
i=1

® H. independent of the scale u, while C;(p) and O; () depend on u
—=> Renormalization Group Equation (RGE) for C;(u):

d
u——Ci(n) = ¥:Ci (1)
7
® -y;;: anomalous dimension matrix
e Matching usually done at high scale (pg ~ My, my)

e Full theory and the matrix elements of the effective operators have the same large
logarithms

po ~ O(Mw)

| RGE

py ~ O(myp):  matrix elements of the operators at this scale don’t have large logs;
they are contained in the C; ()

e Evaluation of the on-shell amplitudes at g ~ M,

\_
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~ Experimental data

Experimental Data on B — V'~ Decays

Branching ratios (in units of 107%)  [August 2006]

Mode BABAR BELLE CLEO

Average [HFAG]

B — X4y 327 + 1875 355+ 3273000 321 +£43T57

355 £ 247, £ 3%

Bt — K*(892)Ty | 38.7+28426 425+3.1+24 376753 +28
BY — K*(892)% 392420424 40.1+21+1.7 45573434
Bt — K1(1270)Ty 434+9+9

Bt — K35(1430)T~ | 14.5+40+£15

BY — K3(1430)% | 1224+25+1.0 13.0£50£1.0

40.3 = 2.6
40.1 = 2.0
43 + 12
14.5 +4.3
1244+24

Bt — pTy 106703, £0.09  0.557052 7008 <13.0 0.877051
BY — ply 0.77702% +£0.07  1.2570-37+0.07 <170 0.917919
B — wy 0.39%020 £0.03  0.567033400° < 9.2 0.4510:39
B — (p,w)y 1.01 £0.21 £0.08  1.327927F0 0 < 14.0

BY — ¢y < 0.85 <33 < 0.85
B — J/y~ <1.6 < 1.6

* Calculated for the photon energy range E., > 1.6 GeV

\_
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4.5

4.25¢
4
3.75¢
3.5¢
3.25¢

(-B(B — X ~): Experiment vs. SM & 2HDM

~N

[Misiak et al., hep-ph/0609232]

o MueGev]
250 500 750 1000 1250 1500 1750 2000
[--- (exp); —— —— (SM); solid (2HDM))]

Experiment (E, > 1.6 GeV); [HFAG: hep-ex/0603003]
B(B — X,v) = (3.55+0.2475% £ 0.03) x 10~
NNLO SM: B(B — X,~) = (3.15 £+ 0.23) x 10~
SM is below the experiments by about 1 &

In 2HDM, preferred value is Mg+ ~ 650 GeV

95% C.L. lower bound is around 295 GeV

24 QOctober 2006
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(‘95% C.L.

\_

Lower Bound on Mg+ in 2HDM from B(B — X, ) \

[Misiak et al., hep-ph/0609232]

MH>2OO GeV

250

hep-ph/0603003

B x10* |
3.6 3.8 4 4.2
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~ Fraction F'(Ey) of BR (B — X,v) above the cut E, > E, —

e Theory and experiment compared for E, > Ey; need to evaluate the fraction
F(Ey) of the events surviving this cut to get full BR

e F(Ey) usually calculated using (model-dependent) shape functions [Kagan, Neubert;
Benson, Bigi, Uraltsev,...]

e Recently, it has been pointed out [Neubert, hep-ph/0408179] that R(FEg) can be
calculated without reference to shape functions using a multi-scale OPE

e Theoretical framework for this calculation is the so-called Soft Collinear Effective
Theory (SCET) involving several scales: my, mpA, and A, with A = my, — 2FE,

e Large logarithms associated with these scales are summed at NLL order; sensitivity to
the scale A ~ 1.4 GeV (for Eg = 1.6 GeV) introduces additional uncertainties
[Becher & Neubert hep-ph/0610067]:

T = F(1.6 GeV)/F(1.0 GeV) = (931 (pert) £ 2(hadr) + 2(param))%
— B(B — X,v) = (2.98 £ 0.26) x 10~

e B(B — Xy7) in the multi-scale SM is about 1.40 below Experiment

B(B — X,v)(exp)
B(B — X,v)(SM)
\_ J
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(-B — (p,w) v Decays

B — pv Branching Fraction

[AA, Parkhomenko; Bosch, Buchalla; Ball, Zwicky; for an update see hep-ph/0610149]

e In the leading order penguin and annihilation amplitudes, the ratio of
the branching ratios for the charged and neutral B-meson decays can

be written as

B(B~ — p) ’

2B(BY — p")

Vb vu*d
V;fb t>ckl

~ ‘1 —I—GAGM)A

o c,c'4 includes dominant WW-annihilation and possible sub-dominant
long-distance contributions

e |sospin-violating corrections depend on the unitarity triangle angle o

VUb u*d

VUb u*d o
VsV

» em = F1 -+ ZFQ
VinVig

~N
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(-B — (p,w) v Decays ~

B — py Branching Fraction in NLO

e Including the annihilation contribution, the charged-conjugate averaged
branching ratio in the NLO is

F@Mbvtd‘z

_ 2
Bth<Bi _>p:|:fY> — TB+ 3974 bpole MS [SJ_ ( )}

x (OO AR+ (FR+ F) (AR + L)’

+ 2R (OO (Af + L) + AR LY |

e The amplitude A" (;1) can be decomposed in three contributing parts

ANy = AL (1) + AL (1) + AL (psp)

e In addition to A (}1), the u-quark contribution A“(1) from penguin
diagrams can no longer be ignored

e A"(1) also contains vertex and hard-spectator contributions
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(-B — (p,w)~y Decays
B — (p,w)7y Branching Fractions

e Taking into account the ratio of the CKM matrix elements
Via/Vis| = 0.201 £ 0.008 [AM,; CDF Collab. (2006)]
the branching ratios can be estimated as

B (B* — p*v) = (1.37 £ 0.26[th] & 0.09[exp]) x 107°
B (B? — py) = (0.65 & 0.12[th] & 0.03[exp]) x 107°
Bin(B° — wy) = (0.53 £ 0.12[th] & 0.02[exp]) x 10~°

e In the above estimates, the first error is defined by uncertainties of
the theory and the second one is from the direct experimental data
on the B — K"~ branching fractions

Branching ratios (in units of 107%)  [August 2006]

Mode BABAR BELLE CLEO | Average [HFAG]

Bt — pTy [ 1.06703 £0.09 0.557022F009 13 0 0.8770 5
B° — p% | 0777920 4 0.07 1.257037H00T 17,0 0.91701%
B — wy |0.3979240.03 0567032100 <929 0.457039

\_
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~ CKM Phenomenology

Impact on CKM Unitarity Triangle

= F = F
1 1 BR(B—p*)
L - BR(B—K*y)
L BR(B"—p%) L
0.5 BR(B—K*y) 0.5
G - G - \_/
-0.5 C -0.5 C
-1 -1
F Ui - UTfit
il P il | L L P |
1 -0.5 1 0.5 0 0.5 1

Neutral modes Charged modes

—— e e
3 CKM fit w/o Am,

4 CDF measurement ]
i ra+ BR(B® - p%)/BR(B° - K*%]]

[ fitier
1.2 — BEAUTY 06

1
0.8 _
| L
(@]
| L
— 06 —
04 Rs WA - &5 = 1-17 + 0.09 (hep-ph/0603232) —
055U = 1-21 - o005 (hep-1ati0510113)
0.2 N

(Lo I P | P P AP P B
8.16 0.18 0.2 0.22 0.24 0.26

0.28 0.3

J
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e The NNLO calculation of B — XTI~ corresponds to the NLO calculation of
B — X7, as far as the number of loops in the diagrams is concerned.

e Coefficients of the two additional operators

e? _

0; = @(EL%[?L)(W ), i =9,
have the following perturbative expansion:
T () (0) as(i) 1)
Co(p) = ——C C —=c
o(1t) () ! (1) + Cg7(p) + 1 9 (1) +
o (M
Cho = cl 4 %cﬁ} T

e After an expansion in oy, the term ng_l)(,u) reproduces (the dominant part of) the
electro-weak logarithm that originates from photonic penguins with charm quark loops:

O
AT 4 M b L2 s
C, =~ In—% + Oa,
o) & (my) 5 2 + O(a) — O >
S (my) ~ 0.033 < 1 57 (my) ~ 2 -
On the other hand: CY (my) ~ 2.2 //\\

\_ J
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~ Electroweak Penguins b — sfT£~

B — X 07T~ decay rate

B(B — X £707) = (4.46109%) x 107% [HFAG’'05]

SM : (4.240.7) x 107° [AGHL'01]; (4.6 +0.8) x 107° [GHIY'04]

Differential distributions in B — X #7174~

e M (X,)-distribution: tests s — X4 fragmentation model; current FMs provide
reasonable fit to data

° g’ = M£2+£_—distribution away from the J /1), 1)’, ... resonances is sensitive to

short-distance physics; current data in agreement with the SM estimates but the
precision is not better than 25%

e Forward-Backward Asymmetry (FBA) is likewise sensitive to the SM and BSM
effects, in particular encoded in the Wilson coefficients Cr, Cg and Cig

Argp(8) not yet measured; possible only in experiments at B factories
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— Decay distributions in B — X 10~
Myp and M x_ Spectra

my ( GeV/c? )

e In agreement with the NNLO SM calculations

\_

m,, ( GeV/c?)

[BELLE] [BABAR]
SRR LRSS L LS CLELELE BRI BB
300 |- @ I (b) ]
200 | T+ ]
N —~ 8 — 4
© 100 0 -
3 N @ | — (b)
o L © Ll =
s Of 2 S _ >
~ - g 0 _ -
§ 1o = 4 o 44—t
- 2 E 1T LT
°F s 7 SN e | =3
- =2 = 0 .
0:|||||||||||||| % 0 1 1 1 T - 1 | |
0 1 2 0 0.5 1 1.5 0 1 2 3
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—B — K*¢t¢~ decay in SCET

[AA, Gustav Kramer, Guohuai Zhu; hep-ph/0601034 (EPJC (2006)) ]

Soft Collinear Effective Theory (SCET): Applicable to any QCD processes which
contain collinear meson or jet, i.e. P? < Q?, in the final states

The idea is borrowed from HQET and NRQCD, but technically SCET is more
involved than HQET because of the collinear degrees of freedom

For B — K*¢1t£~ decay, in the region 1 GeV? < ¢2? < 8 GeV?
Py, = (2.34,0,0,2.16) GeV [q% = 4 GeV?]
Light-cone vectors n* = (1,0,0,1), n* = (1,0,0, —1),
satisfyingm? =n?=0andn-n = 2

Pt =n.P% +n.P% + P}'= (P, P_,P,) ~ E(A%,1,])
[Py = 0.18 GeV, P_ = 4.5 GeV, A ~ 0.2]

Agcp

Power counting and expansion in A, A ~ =%

~N

24 QOctober 2006

Theoretical Interest in B-Physics at LHC (page 38)



\_

~ Comparison with Data

B — K*¢* ¢~ decay

Numerical results

0.9
0.8

SCET formulae Phenomenological discussion

107dBr/dg?

Theor. vs. Belle

Br|q2€[4,8] Ge

ve = (1.9475%8) x 1077

= (4-8t11'é|stat =+ 0-3|syst + 0.3|model) X 1077

Ahmed Ali B — K* ¢ ¢~ decay in soft-collinear effective theory
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~ Comparison with experiments

B — K*¢* ¢~ decay SCET formulae Phenomenological discussion

Numerical results

0.9 é— 107dB1’/dq2

0.8 F

Form factor determination

LCSRs ¢ (0) = 0.40 £ 0.05, ¢ (0) = 0.40 = 0.04, their g° dependencies
LCSRs + B — K*~ ¢.(0) =0.32+0.02

Theor. vs. BaBar
Br]|

_ (2.924—0.57'4” +0.30|CKM +O.18) > 10—7

g2e[1,7] GeV? —0.50 —0.28 —0.20

g2€[0.1,8.4] GeV

Ahmed Ali B — K* ¢ ¢~ decay in soft-collinear effective theory

\_
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~ Reduction of Scale Uncertainty in SCET

B — K*¢* ¢~ decay SCET formulae Phenomenological discussion

Forward-backward asymmetry

0.2 ; df4F]’5’/dq2

Ars(g3) = 0 free of hadronic uncertainties [Burdman1998, Ali et al., 2000]

J

g2 = (4.07%91%) GeV2 with A(G2)scale = 3% GeV?

J

g2 = (4.3979:3%) GeV?2 with A(g2)scale = +0.25 GeV?

Ahmed Ali B — K* ¢ ¢~ decay in soft-collinear effective theory
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~ Belle FB Asymmetry Distributions (EPS 2005)

Best Fits

0A7

0A7—

e SM: A, = —0.33;

—0.33: Ag/A; = —15.3734 Aj/A; = 10.3752
+0.33: Ag/A; = —16.3737: Ay /Ay = 11178
AQ/A7 = —123, AIO/A7 = 12.8

3 _IIIIIIIIIIIIIIII:II:IIII:III:IIIIIIIIIIIIIIIIIIIII_ 3 [ I IIIIIII IIIII:I T II III:I T EII I II ]
3 - L ] L ] L ] L ] -1 3 - L ] L ] L ] L ] =3
o 1F on ] o 1F —+— : R -]
O’ - L ] L ] L ] L ] - @ - L ] L ] L ] -
£ HE 1 3 : e ]
=05 A 4 <=os5F : P 3
2E N £ F T
OF - E-a— OF " : H .
05 it 1 osf =
B (a)K l l o : ' B (b)K l l ]
4 Pl E JB negative A . P E
IIIIIIIIIIIIIIII:II!IIIIIIIII-IIIIIIIIIIIIIII I -IIIIIIIIIIIIIIIII.IItIIIII.IIEIIIIIIIIIII
0 25 5 75 10 125 15 175 20 225 25 0 2 4 6 8 10 12 14 16 18 20
q2 GeV?/c? q2 GeV?/c?
3 T II I.I .I
3 1F : :
2 : :
205 : :
E I~ L] :
< E : :
O - L] L] -
OSE () K I T ; : E
qF positive A P E
-I Ll I Ll I Ll I Ll I I.I L ! Ll I I.I L EI Ll I Ll I Ll
0 2 4 6 8 10 12 14 16 18 20
q2 GeV?/c?
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(. LHC- r Cs.udin~ \
Messages from the B factories

®* b— £fs = (Cy and Cg z F RS SRR plsa ol SRS IR
[Ishikawa et al., hep-ex/0603018] ;.f.,;ub _ i sign«f_l[gj)e%_;__;“j :_ _
o _-==' D,' ___ L i i bostfiy,
M N S
Emm i lll T G signflipped i ]
- ki E Cy sigln-ﬂippr.—zlc! : ]
'] } IZIII ZI”-’II”BI”S“Hﬂ] 12“ I1--1”I1E_I”18I_I I_ECI
o | l_ II Ec; [
S e S T anf
IIIIII}i file [
- - b—>S‘T:> C?'-'}r oy 1 iy 3 13 3 Eﬂ':

£ [izel]

[Koppenburg et al., PRL93, 061803 (2004)] ok
[Aubert et al., hep-ex/0507001] [...] [
20 |
— It's unlikely that the Agg is very

different from the SM value. 40

Need precision to find differences

g J
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('LHC—

\_

r Cl—--rl:nn

® 2fb "' : (4.0+ 1.2) GeV?

* 10fb™" : (4.0£0.5) GeV?

— 13% error on C-/Cq

From Toy MC

bTypicaI Arg(s) measurement

0.6 Entries 45
- = " |Mean a.007
E18l
0.4 SR / RMS 0.528
B === B0, B0bar FBA 16[
9_2:_ — Fitto FEA :
0_
-0.2 | | .
-0.4 |
| | | | | | [N i i
0 2 4 6 8 10 12 14 16 18 20 el b TR e
5(GeVA2) 6 7 B
s,(GeV~2)

Spread of s

P Koeperours B e e e s e s ()

J
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('Bs — l,l,+/,l,_ in SM

e Effective Hamiltonian

GFQ
Herr = — Vis™V, Ci;(n)O; Ci(n)O:;
O10 = (8" Prb,) (l_'m'y5l) , 01y = (547" Prbo) (l_'yM75l)
Os = mi (50 Prbe) (II) O’ = m, (5aPyba) (1)
Op = My (gaPRba) (l_’)/5l) ) (’)}, = Mg (gaPLba) (l_’)/5l)
— 4+ - G%‘OézszsfésTBs * 2 ~ 2
BR(BS—>u I ): Y Vis™ Vil w/1—4mﬂ

X [(1 _ 4mi) |Fs|? + |Fp + 2miFm|2}

where m,, = m,/mp, and

/
Cspmy — CS,PmS I c
’ 10 — “~10 — Y40

Fs,p = mBS [
my + Mg

BR (B, — pp7 ), = (3.46 £ 1.5) X 107 [Buchalla, Buras]

9 fB. = (230 + 30) MeV
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(-BS — T~ in Supersymmetric Models ~N

e The decay B, — u* = probes essentially the Higgs sector of Supersymmetry, a
type-ll two-Higgs doublet model

£ — QYUURHU —|— QLYDDRHd

e Higgs-induced FCNC interactions are generated through loops

X

X % X % < x
_ li‘Hu _ 52 EL li‘Hu B 523 613 “I?u _
® " s A Tk st "
S, b s, Vb s K . b
- e« - CEEEEREEE LN a— — CEEE RSB -
H,  H g g g g
(a) (b)

e As H, gets a VEV (v, ), it contributes an off-diagonal piece to the down-type fermion
mass matrix, mixing sy, and by by an angle 6

sin 0 = ypev, /My,  as mp = Ypvg, Sinf = etan 3

e Ab5 — putp~) ~sinfA(bb — putpu~) o tanB3/cos? 3 = tan® g3
for large-tan 3

- J
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e Higgsino contribution to B(Bs — pTu™)

G

B(Bs — pp) =~ -

GF mf VisVin

2 3 p2
Nocp™MB, st TB, MMy, M,

(-BS — puTp~ in Minimal Flavor Violation SUSY Models

[Babu, Kolda;...]

(

tan? 3

cos? 3

2 2

)

2

2
I{N
_H
m?

A, .f(.“}za m%La m{R)

Ky = —
H 4+/272 sin? 3

tan f3

N
200

. L |
300

N I \
400

‘500‘ | ‘600‘ |
m, [GeV]

L |
700

800

E . T .
100 900 1000

\_

) .

e Nocp =~ 1.5 is the QCD correction due to the RG between the SUSY and B scales
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B, - p*u- I

» Very rare decay, sensitive to new physics
» BR ~ 3.5 x 10 in SM, can be strongly enhanced in SUSY
» Current limit from Tevatron:

v DO: 2.3x1077 at 95% CL

v CDF: 1.0x10-7 at 95% CL

LLHC has prospect for significant measurement

but difficult to get reliable estimate of expected background:
v'LHCb: Full simulation: 10M incl. bb events + 10M b—p, b—p events (all rejected)
v’ ATLAS: 80k bb—pup events with generator cuts, efficiency assuming cut factorization

vCMS: 10k b—>p, b—>p events with generator cuts, trigger simulated at generator
level, efficiency assuming cut factorization

1 year ]_35 —>p*u~  b—>u,b—>p  Inclusive bb Other
signal (SM) background background backgrounds
LHCb 2 fb! 30 <100 <7500
ATLAS 10 fb! 7 <20
CMS (1999) 10 fb! 7 <1

» New assessment of ATLAS/CMS reach at 103 cm=2s! in progress

\ Vancouver, 9-12 April 2006 Flavor Physics and CP Violation Andreas Schopper 20 )
Ahmed Ali
DESY, Hamburg
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~ LHC B-Meson Physics Program ~N

e Experiments at LHC will pursue an extensive program on B-physics

— with high statistics
— access to B;-meson decays

e LHCb can fully exploit large B-meson yields at LHC from the start-up
e ATLAS and CMS will also contribute significantly

— competitive for modes with muons and small BR

o After b years:

Quantity o SM expectation
¢s(Bs — ccss) ~ 0.013 ~ 0.035
Br(B; — pup™) ~07x1077 ~35x107"
v(DsK, DK) ~ 1° ~ 60° (tree only)
V(KK + 7r) ~ 2° ~ 60° (tree 4+ penguin)

Flavor Physics at LHC will contribute significantly to
search for New Physics via precise and complementary
measurements of CKM angles and study of loop decays

- J
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(-Synergy of Various Approaches in Search of BSM Physics —

B physics
EDM N I Vs ILC
LHC
K physics 4 / \\ LFV

Cosmology Muon g -2
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~ Backup Slides

\_
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Feynman Diagrams for sin 23 from Penguins

sin2 /f and... and....

In SM interference between B mixing, K mixing and Penguin b—sss or b—sdd gives the
same e~2% as in tree process b—ccs. However loops can also be sensitive to New Physics!

we . —3
— — ~\\(8d ’ !
_ iu,c,! - LN 9,17, (KK) cp
b —> p— ¢ 77' (KK) B° 5 oo, 2 S
R CcpP R
B’ g %<‘Si K°
d s
W New phases from SUSY?
_ g
U.C.1. b AN d S
b —» ﬁ —5 0 B ol Ky
BO g d S BO §R 2 g d

\_

ICHEPO4- 3 &

August 20, 2004 Marcello A. Giorgi

25

J
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-18 -16 -14 -1.2 -1

~ Sb—qas [HFAG 2006; ICHEP 2006 Update]

eff
in(2p" ) sm(2( M
PRELIMINARY
b%ccs World Average 0.68 = 0.03
o KO Average —— 0.39+0.18
’ﬁfKo Average e 0.59 +0.08
ok Avrige - 051021
777;67 Ke Averege ' 033021
pOKS Average - 0.17+£0.58
o Kg Average * 0.48+0.24
3 oo Aver age 777777777 ——i | 0.42+0.17
nons? """"""""""" -0.84 + 0.71
K K- KO Aver;ge . - 0.58 +0.13 *33

-0.8 -06 -04 -02 0 02 04 06 0.8 1 1.2 14 1.6
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~ C—qzs [HFAG 2006; ICHEP 2006 Update]

Cf = 'Af M

PRELIMINARY

() K(I’ | A\é/eralge - '~:\—' - lOO1I iOI.13
n K° A\E/erage e Ero.os +0.06
Ks Kg Kg A\?erage F—— 5-0.23 +0.15
n° Kg A\}erage —r— 0.12+0.11
p° Kg A\?erage * 664 + 0.48
o Kg A\}erage it 5-0.21 +0.19
f, KO A\E/erage —*— Ero.oz +0.13
n° 1’ Kg A\iyerage * 0.27 £ 0.54
K"K KO. A\:feralge R e éo.1§i 0.09

-16 -14 12 -1 -0.8 -0.6 -04 -0.2 0 02 04 06 0.8 1 1.2 14 1.6
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~ SU(3)p-averaged B — (p,w)~y Branching Ratio ~

SU(3)p-averaged B — (p,w)~y Branching Ratio

e This averaging procedure is defined as

BIB — (p.w)y] = {B<B+ L)+

TR+

2 BB — )+ BB — )] }

TRO
e Combining all the branching fractions together, such an estimate gives

Bu[B — (p,w)y] = (1.32£0.26) x 107°
e Good agreement with experimental measurements within current errors

Branching ratios (in units of 107%)  [August 2006]

Mode BABAR BELLE CLEO [ Average [HFAG]
B — (p,w)y | 1.01£021+£0.08 1.3270357010 14,0 1117513
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~ Determination of |Vi/ V|
Determination of |Viq/Vis| from Re[(p, w) v/ K*A]

e To extract the value of |V;;/V;s| from the B — (K™, p,w) ~ decays,
one can use the ratio

Bexw[B = (p.w)q] (o) | Vaa|’

ReXP[(pv W)’Y/K*’Y] - B (B . K*,Y) = Tt W CQ
exp s

e ( and |V};/V,s| are treated as free variables

e All other parametric uncertainties are combined in »//*) error

r/9) — 1.09 4 0.06
e Recent result ¢ = 0.86 + 0.07 by Ball and Zwicky can be used

Quantity BABAR BELLE Average [HFAG]
Reso|(p,w)y/EK*4] [ 0.025 £0.006 0.032 = 0.008 £ 0.002 | 0.027 £ 0.005
Via/Vis| € 0.151%5517 0.17115521 0.156 & 0.014
Via/Vi| 0.176 4 0.026 0.199 4 0.031 0.181 + 0.022

e From global CKM fits:  |V;q/Vi,| = 0.200370 0555 [CKMfitter]
Via/Vis| = 0.208 £0.007  [UTHit]

J
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~ Determination of |V,q/ V|
Via/Vis| from Rey[(p,w) v/ K™

Determination of

NI

! Rexp(BABAR)|

[Via/Vis| = 0.1717

02 03 04
Via/Vis|

(exp) o or4(th)

Via/ Vislgy = 0.2003

Via/Vis| = 0.199F

| Rexp(BELLE) /
00 01 02
|‘/td/‘/;€s’

+0.0146
—0.0059

0.026
0.025

~N

J
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