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Testing the SM with Flavor & Measuring NP
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Tcsting the SM with Flavor & Mcasuring NP

New Physics in

Points
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i>Testing the SM with Flavor & Measuring NP
1. Test of the SM through the UT
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But... Where is the NP??
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—>Testing the SM with Flavor & Measuring NP

2. Fits: Predictions vs Measurements

" Observable Prediction | Measurement Pull (o)
v [°] 69.6 + 3.1 74411 —0.4
o [°] 85.4 4+ 3.7 91.44+6.1 —0.8
sin 23 0.771 £ 0.036 | 0.654 £ 0.026 +2.6
[ Vip| [1079] 3.55 + 0.14 3.76 + 0.20 —0.9
|V [1072] 42.69 +£0.99 | 40.83 £0.45 +1.6
ek [1077] 1.92 4+ 0.18 2.23 £+ 0.010 —1.7
BR(B — 7v)[107%] | 0.805 £ 0.071 | 1.7240.28 —3.2
Amg [ps™!] 17.77 £ 0.12 18.3 £ 1.3 —0.4
Bs[°] 1.08 &+ 0.04 Tevatron
ATs [ps1] 0.11 £ 0.02 average +2.1
A, 1077 —-1.74+0.5 —95.7 £+ 29.0 +3.2

[CIucHIN, STOCCHI 2011]

Prediction: Remove from the fit the constrain being tested
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Testing the SM with Flavor & Measuring NP

2. Fits: Predictions vs Measurements

" Observable Prediction | Measurement Pull (o)
v [°] 69.6 + 3.1 74411 —0.4
o [°] 85.4 £ 3.7 91.4+6.1 —0.8

sin 23 0.771 4+ 0.036 | 0.654 4 0.026 +2.6
[ Vip| [1077] 3.55 4+ 0.14 3.76 £ 0.20 —0.9
V.| [1073] 42.69 +£0.99 | 40.83 £0.45 +1.6
ex 107 ‘] 1.924+0.18 | 2.23+0.010 —1.7

| BR(B — 'ru) '1074] | 0.805 £ 0.071 | 1.7240.28 —3.2
Amg [ps!] 17.77 £0.12 18.3 +1.3 —0.4
Bsl° ] 1.08 &+ 0.04 Tevatron

AT [ps™] 0.11 £ 0.02 average +2.1

A 1077 ~-1.74+0.5 | —95.7+29.0 +3.2

[CrueHI, STOCCH,2011]

Still... Where is (and how much is) the NP??
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—>Testing the SM with Flavor & Measuring NP

3. Disentangling SM + NP
Use only inputs not affected by NP in the MIXING

Quantity central 1CL=1g  +CL=2  +CL=30 jpaeesnesss haani ;
A s osRW  osmgg e T
) 022520007 022545000 0.2254 50902 : ' ‘
p 0159 g5 0159%0r 016750

/ 0438 g s 0438%5069  0438%0115

o [deg] (! 7977 7975 973

B [deg] (! 2727y 27.275, 21.275) : : -
y ldeg] () 10074 0045 1078 T T

. £ = [LENZ NIERSTE, GKIVIETTTER, 2010]
Genuine SM values if no NP in decay

7/46



—>Testing the SM with Flavor & Measuring NP

3. Disentangling SM + NP
Use only inputs not affected by NP in the MIXING

Quantity central 1CL=10  +CL=20  +CL=30 ja gesasncss Abnk Al A A S f
00 , . [ v() Y

A 080126 08015505  0.80175% E

A 0.22542 5o 0.2254 %505 0.2254 g

p 0159705 0159750 01677

7 0.438 75029 04387505 0438705

o [deg] (1) 7912 7975 7973

B ldeg] (1)) 27,2731 272720 2727 |

yldeg () 0054} 005 0% M as s e e
T : : [LENz, NIERS TE, CIOMErTTER,2010] P

Genuine SMvalues if no NP in decay
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Testing the SM with Flavor & Measuring NP
4. Measuring NP

OBJECTIVE:

MEASURE ¢ »
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Testing the SM with Flavor & Measuring NP
4. Measuring NP

OBJECTIVE:

MEASURE ¢ »

SIMPLE
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> Hadronic Edfclecags & By, mixing
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> Hadronic ijs—-—clecags & Ba.r

1ixing

(? T ————— Sin(ZBeff) = sin(2¢fﬁ) FM

Relationshi

N Amiz = sin (26°7)
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Hadronic E)d,;clecags & By, mixing

...................................... > sin(ZBeff) = Sil’l(zq)iff) m
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Hadronic Bd);clecags & By, mixing
Anticipated Results:

. £ (CE)

. O Fit Without Mixing Inputs

- : o ! Bd — ¢K
Bd — ¢K*
- @ |
1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0 1.5
N P
d

S. DESCOTES-GENON, J. MATIAS, J.VIRTO
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Hadronic F)d,;clecags & By, mixing

Anticipated Results:

. o2 (CE)
NP in MIXING

. O Fit Without Mixing Inputs

- : o ! Bd — ¢K
lgd — Qipf*
- @ |
1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0 1.5
N P
d

S. DESCOTES-GENON, J. MATIAS, J.VIRTO
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Hadronic Bd);clecags & By, mixing
Anticipated Results:

. o2 (CE)

. O Fit Without Mixing Inputs

- : o I Bd — ¢K
Bd — ¢K*
L o |
1 1 1 1 | 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 1
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S. DESCOTES-GENON, J. MATIAS, J.VIRTO
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Hadronic Bd);clecags & By, mixing

Anticipated Results:

o (co) Objective:
HO— Fit Without Mixing Inputs = Fil l out thiS plO t
with other decays
o ! Bg — oK
- Squeeze Errors
. BdH¢K*: (Th +Exp)
2{}3

S. DESCOTES-GENON, J. MATIAS, J.VIRTO
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The Method

# Amplitude for hadronic B decay: Bo — MiM; (b — g)

A(Bg — MiMy) = -N9T-)\9p
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The Method
# Amplitude for hadronic B decay: Bo — MiM; (b — g)
A(BQ 2 MlMg) — —)\ELQ) i = )\EQ) 5

# CKM structure: >\§ff> — )\((;I) =V

uq
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The Method

# Amplitude for hadronic B decay: Bo — MiM; (b — g)
A(Bg — MiMy) = -N9T-)\9p

# CKM structure: >\§ff> — )\((;I) =V

uq

# HME from QCD Factorization:

J L -~ - L] — | m
+ + + +
- = - . [eTeTeTaTaTe
[ + ] —+ ] -+ [
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The Method

# Amplitude for hadronic B decay: Bo — MMy (b— @)
# CKM structure: )\g,?) ViV = )\Eﬂ) =

uq

# HME from QCD Factorization:

/4 - - - - - -
+ + + +
- = ] . [eTeTeTaTaTe
- -+ [ -+ =] + m

# IR (end-point) divergencies:

| : 1
- T D/ £¢m1(y) iy (1) X7 L + finite
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The Method

# Amplitude for hadronic B decay: B Vb e i)
A(Bg — MiMy) = -N9T-)\9p

# CKM structure: N0 = VooV, A2 = VoV

# HME from QCDF: T, P IR-div = Modeling — Uncertainties
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The Method

# Amplitude for hadronic B decay: Bo — MiM; (b — g)
A(Bg — MiMy) = -N9T-)\9p
# CKM structure: A7 = Vi Vx| A9 =V, Vi

# HME from QCDF: T, P IR-div = Modeling — Uncertainties

# KEY IDEA.’ Descotes-Genon, Matias, Virto, Phys.Rev.Lett. 97 (2006) 061801

A = T — P is FREE from IR divergencies*

* For a list of selected penguin decays (see later) o



The Method

# Amplitude for hadronic B decay: Bo — MiM; (b — g)

A(BQ 2 MlMg) — —)\ELQ) i = )\EQ) 5

# CKM structure: AS” — )\((;I) =V

uq

# HME from QCDF: T, P IR-div = Modeling — Uncertainties

# KEY IDEA.’ Descotes-Genon, Matias, Virto, Phys.Rev.Lett. 97 (2006) 061801

A = T — P is FREE from IR divergencies*

If we can use A as the ONLY theoretical input
we obtain more and predictions

J

* For a list of selected penguin decays (see later)
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Channel || |A| (107" GeV) | C x BR (107 GeV?)
B; — KK (3.23 + 1.16) (29.8 £+ 21.9)
B: — KK (3.05 - 1.11) (1.21 £+ C.89)
Bi — oK (2.32 £ 1.00) (0.74 £ 0.64)
B;i— K*K*|| (1.85£0.93) (9.37 £ 9.53)
Bs - K*K*| (1.62£0.81) (0.33 £0.33)
By — 0K~ (1.92 £ 1.03) (0.49 £ 0.53)
Bs — 0K~ (1.87 £0.94) (8.80 £ 8.96)
Bs — ¢¢ (3.86 £ 2.09) (0.92 £ 1.00)

> The Method
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> The Method

70,

e Our method was used to predict BR's and
Asymmetries in Bs — KTK~ and Bs — KKO, o
(Descotes-Genon, Matias, Virto, Phys.Rev.Lett 97 061801 (2006)) Flavour
The outcome was quite promising.

ECLE

-
L~

e SU(3) methods suffer from large experimental
uncertainties and cannot estimate SU(3)-
breaking.

BR({Bs->K+K-}x 10°%
g

e QCDF has trouble with chirally enhanced 1/my
suppressed contributions, which have to be 1o
modelled and introduce huge uncertainties.

sew method

27 /46



The Method
EQUATION: Bo — M1 M; (b — q)

Doq =200 — 2B+ b (=¢" " if Q=q)

20ps ‘A‘z ‘)‘E:Q) |2 Sin” Oq

— BR(I — nf Sin (DQquiX + nf COS (DQQAAP)
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The Method
EQUATION: Bo — M1 M; (b — q)

Doq =200 — 2B+ b (=¢" " if Q=q)

295/ A[* N9 * sin? 6,

= B R(l — 1)¢ SI. @Qquix T 1]f COS (I)QQAAP)

Theory
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The Method
EQUATION: Bo — M1 M; (b — q)

Doq =200 — 2B+ b (=¢" " if Q=q)

295/ A[* N9 * sin? 6,

= B R(l — 1)¢ SI. @Qquix T 1]f COS (I)QQAAP)

Theory Experiment
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The Method
EQUATION: Bo — M1 M; (b — q)

Poq =20 — 20, + Q%P (= QbNP if Q=q )

2995/ A2 N9 *sin? 6,

= BR(1 - N¢sin Do, Amix + 1y COS (I)QQAAF)

Theory  Experiment SM Fit *
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The Method
EQUATION: Bo — M1 M; (b — q)

Poq =20 — 20, + ¢15P (= QbNP if Q=q )

2995/ A2 N9 *sin? 6,

— BR(]_ —_ 77](‘ Sin (I)QquiX T+ nf COS q)QqAAF)

Theory  Experiment SMFit* OUTPUT
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FORMULA:

29ps| A2 AP |? sin? 3,

The Method

cI)Qq — 25@ — 2@1 Q%P

— BR(l —_ nf sSin QQquiX -+ 77f COS QQQAAF)

Where:

O —

(1 — O)/\/l o Aczlzr

2 gps |Ac|?sin® By |AJ?

BR

A2 A2
Amia: T AAI‘ —
Channel |A| (1077 GeV) | C x BR (10~° GeV?)
Bg — KK (3.23 +1.16) (29.8 £ 21.9)
Bs —» KK || (3.05+1.11) (1.21 + 0.89)
Ba — 6K (2.32 + 1.00) (0.74 + 0.64)
By — K*K*|| (1.85+0.93) (9.37 + 9.53)
Bs — K*K*|| (1.62+0.81) (0.33 + 0.33)
Bs— ¢K* || (1.92+1.03) (0.49 + 0.53)
Bs — ¢K* || (1.87+0.94) (8.80 + 8.96)
Bs — ¢ (3.86 =+ 2.09) (0.92 + 1.00)




The Method

EXAMPLE 1

—0.4

L<«~%:

I <
(SELEL AL A A A A B A A A B N B B B -
Qo
|
0,
N
../N¢d n_w
N 00
B / __ 10.
M\ . -
s
—_—— - = < _
2 [ s |
1 | |
| [ |
) Y o
| 2 | -
| s
| | ©
| N
Ul _ \ _
Vn L e e e — — I A
9 N% O
q
[ 1 ' | . | | _2
0 0 > 00 0) QC
T 9 9 T 9 7

34 /46



The Method

EXAMPLE 1
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The Method

EXAMPLE 1
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The Method

EXAMPLE 2:

0.5

0.0 -
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The Method

: .| (co) Include:
By — K°K"
- O Fit Without Mixing Inputs B G KO* I_{O*
- o Bg — oK
fgd — ¢LB(*
B @ {
0 Zos o0 s o s
N P
d
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> The Method

: .| (co) Include:
Bd £ KOKD
- HO— Fit Without Mixing Inputs B L KO* I_{O*
e e SIMPLE
lgd ——>(ﬁ]&f*
B @ {
0 Zos o0 os T TTTio s -
N P
d
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> The Method

o | () Include:
B; — K°K"°
HO— Fit Without Mixing Inputs B qd — KO* I_{O*
—— Bg — oK

SIMPLE

lgd ——>(ﬁ]&f*

i @ 1
| | | | | | | | | | | | | | | | | | | |
-0.5 0.0 0.5 1.0 1.5
N P

The same for ¢ !!!
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> The Method

EXAMPLE 3:

_0.980 T T T T T T T T T T T T T T |

B, — K°K°

_0.985 |- ]

i Y ; i}
: \ NP = —0.15 NP = 0.15 :
—0.990 - \ .

—0.995 - \ P T = —0.1 /pi\rP —0.1

N Aar

SM
: ¢§’P=—0.05\ l /¢NP—005 :
—1.000 -
i ¢iVP 0 ]
02  -01 00 01 o2

Nf Amix = — 1 S
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EXTRA: Rsd

# With our method we can also give a SM prediction for Rsd:

B BRlong(BS _ K*OR*O)

Rsq = _
d BRlong(Bd — K*OK*O)

RPMV = 16.4 + 5.2
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EXTRA: Rsd

# With our method we can also give a SM prediction for Rsd:

B BRlong(BS _ K*OR*O)
= BRlong(Bd N K*OK*O)

de

RPMV = 16.4 &+ 5.2

¥OCDE - R — 13.8 1192 "
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EXTRA: Rsd

# With our method we can also give a SM prediction for Rsd:

B BRlong(BS _ K*OR*O)

Rsq = _
d BRlong(BdﬁK*OK*O)

RPMV = 16.4 + 5.2

¥OCDE - R — 13.8 1192 "

# LHCb: New data on this NEXT WEEK!

(don’t miss Paula Alvarez’s Talk)
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SUMMARY

# Theoretically CLEAN hadronic quantity: N= 1 -
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# Theoretically CLEAN hadronic quantity: N= 1 -

# For any NP affecting only the MIXING:

A-dyie | TRICHRCENEE



SUMMARY
# Theoretically CLEAN hadronic quantity: N= 1 -

# For any NP affecting only the MIXING:

A-Ayla | ERACTIOBNIRG

# Results:

@ (cC)

o Fit Without Mixing Inputs

—e——i Bd—>¢K

| ‘0.0‘ “ ‘0‘.5‘ “
ba




SUMMARY

# Theoretically CLEAN hadronic quantity: N= 1 -

# For any NP affecting only the MIXING:
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# Results for Bg — K°*K°*
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LHCb ---> very soon



> BACK-UP



> Longituclinal Observables

We have therefore the relationships

1 1 - LT
BR = — I'+7TI P = = .
2I‘tota.]( . ) ’ ACP I‘+I‘ '
1 gr—gr B
— = (st - 0 _JL JIL
fL—2(fL +fL): -Acp fz+f£

and we can easily define the longitudinal observables in
terms of these observables

BR"“"® = BR. fr-[1+ A&p - Acp], (46)
B .A(()'\p +.ACP
1+.A?jp '.ACP’

A2 = py[1— (A1575)2 5in(28 + arg(Ao/Ao)),  (48)

ALE = i1 (A78)2 cos(208 + arg(Ao/Ag)),  (49)

Age® = (47)




> |LHCb for Rsd

RPMV = 16.4 + 5.2

ROSPF = 13.8 ::

o erp-— Be
LHCD Direct Meas. Eii® ' =(8.1+3.3)x (f’(’).(:ﬂ )} —81+47

LHCD with D ReZP I — (7.6 £3.2) x (f’(*)&ﬁq)) =7.6+4.5




