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Indirect Searches for NP

If the energy of the particle collisions is high enough, we can discover NP
detecting the production of “real” new particles.

If the precision of the measurements is high enough, we can discover NP due
to the effect of “virtual” new particles in loops.

But not all loops are equal... In ““non-broken’’ gauge theories like QED or
QCD the “decoupling theorem” (phys.rev.DI1 (1975) 2856) makes sure that the
contributions of heavy (M>q?) new particles are not relevant. For instance,
you don’t need to know about the top quark or the Higgs mass to compute the
value of o (M,?).

However, in broken gauge theories, like the weak and yukawa interactions,
radiative corrections are usually proportional to A m2,



Indirect Searches for NP

Therefore, NP contributions are suppressed by the size of the isospin
breaking value Am?2. Larger effects of NP expected in (t,b)/ T -physics.

Moreover, through the study of the interference of different quantum
paths one can access not only to the magnitude of the couplings of NP, but also
to their phase (for instance, by measuring CP asymmetries).

Within the SM, only weak interactions through the Yukawa mechanism
can produce a non-zero CP asymmetry. It is indeed a big mystery why there is
no CP violation observed in strong interactions (axions?).

Therefore, precision measurements of FCNC can reveal NP that may be well
above the TeV scale, or can provide key information on the couplings and
phases of these new particles if they are visible at the TeV scale.

Direct and indirect searches are both needed and
equally important, complementing each other.
3



Status of Searches for NP

So far, no significant signs for NP from direct searches at the LHC while a (the SM?) Scalar
Boson has been found with a mass of ~126 GeV/c2.

Before LHC, expectations were that “naturally” the masses of the new particles would have
to be light in order to reduce the “fine tuning” of the EW energy scale. Theory
departments were (are?) full of advocates of supersymmetric particles appearing at the TeV
energy scale.

However, the absence of NP effects observed in flavour physics, even before LHC, implies
some level of “fine tuning” in the flavour sector =~ > NP FLAVOUR PROBLEM

nc,ss/ L35 = J: LW{ GQZ’L
/———-*r\_,/

“Non-natural” solution: M‘fu(q

—> Minimal Flavour Violation (MFV).

As we push the energy scale of NP higher, the (or TeV/ _Q fr} N KA ke
NP FLAVOUR PROBLEM is reduced, hypothesis
like MFV look less likely = chances to see NP

in flavour physics have, in fact, increased (0T - Quegi lft-lke
when Naturalness (in the SM Scalar sector)
seems to be less plausible! N Arkani-Hamed. T/ {, __\_ k- 1k
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FCNC in the SM

Ui ={u,c,t .
{_ | o Vg Vs Vi d U %
W=+28 e=L@ah| Vg Vs Vi |#R| s |WF
D = {d,s,b}: V2 Ve Vis Vi b
0p =1/ | | . I
' ~ Cabibbo-Kobayashi-Maskawa (CKM) matrix

In the SM quarks are allowed to change flavour as a consequence of the Yukawa mechanism
which is parameterized in a complex CKM couplings matrix.

Using Wolfenstein parameterization:

A = 0.80+0.02 [-A212- 2418 A A/13(,0-i 77)
A =0.225+0.00]| V= -A [-22/2 -244/8(1 +4A2) A2 + 0(15)

AB(l-pin)  -AAZ+AA2(1-2(p+in)  1-AZA42




Loops zoology
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Map of Flavour transitions and type of loop processes: = Map of this talk!
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Tree vs loop measurements

(A, A,0,n) are not predicted by the SM.They need to be measured!

If we assume NP enters only (mainly) at loop level, it is interesting to compare the
determination of the parameters (0, 77 ) from processes dominated by tree diagrams
(V, , 7 5.-.) With the ones from loop diagrams (AM &AM, 8,€ \,...).

Tree measurements LOOP measurements
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Courtesy S. Descotes-Genon on behalf of CKMfitter coll.

Need to improve the precision of the measurements at tree
level to (dis-)prove the existence of NP contributions in loops.
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Experimental
Facilities




LHC is working like a dream!

nstantaneous Luminosity

Since the first proton-proton collisions at
the LHC at 7 TeV in Spring 2010, the
progress has been fantastic!

In 2012 LHC delivered routinely peak

luminosities of 4x1033/cm?/sec at 8 TeV, for a

total of 23/fb to ATLAS&CMS (6/fb in
2011 at 7 TeV).
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LHCDb took data at a constant luminosity
0.4x1033/cm?/sec thanks to luminosity
' leveling, for a total of 2.2/fb at 8 TeV
20121 delivered (1.2/fb in 2011 at 7 TeV).

LHCDb average number of visible pp
collisions per bunch crossing ~2, while for
ATLAS/CMS is ~20.



LHC is working like a dream!

The bb x-section was measured by LHCb at 7/8 TeV to be: 3x10'' fb (PLB 694 (2010) 209 and
JHEP 06 (2013) 064). The cc x-section ~20 times higher! (Nuclear Physics B 871 (2013) I)

About 40% of the b-quarks produced at the LHC fragments into B* and another 40%
into B?, while 10% fragments into B, and 10% into baryons.

However at the LHC, the two b-quarks are produced incoherently = extra dilution
factor in the tagging of neutral mesons.

The LHCb detector acceptance ranges between ~10% for B. 2 " 4~ decays to, for
instance, ~5% for B. 2/ Y[ u* 1] P[K*K].

Rule of thumb:

I/fb at 7TeV at LHCDb is equivalent to (1 k-5k)/fb at the e*e- B-factories
before tagging for B°/B* decays into charged particles.
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...and the LHCDb performance is up to it!

i flavour specific
d::ee:ddeencta:ntal:‘;seis t= L:B @ final sfc)ate
PV B B, 2D, [KK'm]m*
S — e D;
" % S Hadron trigger ~34k candidates/fb
Decay time PDF: = > —
Proper time resolution ~ 44 fs

K
PDF [e—” : (Cosh (% Cos(Am t))] - (to be compared with 21! Am_'~350 fs)

Ll S U i Need excellent decay time . . [o)
tagging algorithms el Effective tagging ~3.5%

D=(1- Zwmistag)

+ ‘ e Tagged mixed New J. Phys. (2013) 053021

o Tagged unmixed

400} Am_ = 17.768+0.023+0.006 ps'

¢ — Fit mixed

---------- Fit unmixed

candidates / (0.1 ps)

200~ c.f. CDF with proper time resol. ~87 fs

Am, = 17.77+0.10+0.07 ps'.

() - A A A A A A A
0 1 3 4

decay time [ps]

S

Precision measurements at hadron colliders are not any more a dream!




(Parenthesis)Advantages/Disadvantages of Existing Facilities

Common “past” knowledge:

lepton colliders = precision measurements vs hadron colliders = discovery machines

After the achievements at the Tevatron in precision EVWW measurements (W mass) and B-physics results
(Am,) and in particular the astonishing initial performance of the LHC detectors (LHCb in particular), |
think the above mantra is over simplistic and not true.

Lepton colliders have the advantage of a known CoM energy, better selection efficiencies and high
peak luminosities (10°%-10°¢) cm™s. However, at the Y(4S) only p ) mesons are produced.

Hadron colliders have a very large cross-section (0, (LHC7)~3x10°> 0, (Y(4S))), very performing

detectors and trigger system. Effective tagging efficiency is typically x10 better at lepton colliders.

arXiv:1006.424 |
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Tree Level
Measurements:

arg(v,,)




V., phase: Experimental Strategies

g=u: with D and anti-D in same final state
B*>DX, X ={K*, K*mm, K**,...}
b
5

g=s: Time dependent CP analysis. =
=

Inteference between B, mixing and decay.

B.>D*K*

Vus
w

Vcb

(lvcbvusl a )" 3)

S

Vv
) K b ub u 50
u c
c B W
D' Ves s
U q=u pf

(quchsl a A’ 3)

In the case q=u the experimental analysis is relatively simple, selecting and counting
events to measure the ratios between B and anti-B decays. NP contributions to D
mixing are assumed to be negligible or taken from other measurements.

However the extraction of ¥ requires the knowledge of the ratio of amplitudes (rgp))
and the difference between the strong and weak phase in B and D decays (0 3(D))
—charm factories input (CLEO/BESIII).

In the case g=s, a time dependent CP analysis is needed to exploit the interference
between B, mixing and decay. NP contributions to the mixing needs to be taken from

other measurements (B,2)/VY®).
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V., phase: B* Decays

average of KK and it modes
__—CP modes J /

< T( B—[11]pK*), T( B [KK]pK*) > H(B—Dcpk’) = 1(B"=Derk”) B*->D[KK,mm]K*

— DK BT — oKt 2 0
[(B—[Ku]ok=) (B —=DcpK") + 1 (B"—=DcpK™) with D decays in CP

favoured mode modes (Gronau, London,
Wyler) PLB 253 (1991) 483 and

. . PLB265 (1991) 172.
2rpsindp sinvy

Repy = 1+75%+2rpcosdpcosy Acpt = 14 rp2+ 2rgcosdpcosy
ADS mode _‘ N n
- / [(B—DpsK") - T(B*—=DypsK™)
['( B*—[7K]pK*) et ran.r B*>DIKmK* (atwood,
I[( B*— [Kn]pK*) r( B=Dipsk )+ T( B"=Dask ) Dunietz, Soni) PRL 78 (1997)
N 3257.
favoured mode
RADS  _ r? +rp?+ 2rprpcos(dp + 6p)cosy AADS _ 2rprpsin(dp + 0p)siny

~ 14 (rgrp)?+2rprpcos(dp — 6p) cosy rp?+rp+2rprp cos(dp +dp) cosy

Same argument works for DT final states, but ry (hence interference) is ~10 smaller.

A variation of the above methods, is when D—=> K _h*h- (Giri, Grossman, Soffer and Zupan, PRD&8, 054018 (2003)) .
A Dalitz analysis of the three-body decays allows for an increase in sensitivity.



LHCb-CONF-2013-006
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LHCb preliminary (B>DK):
Y= 67%12° (rg(DK)=0.09210.008)
Excellent internal compatibility of GGSZ and GLW/ADS.

LHCb (7 = 67£12° ) and B-factories (¥ = 66+12°) tree level
measurements are in good agreement with the indirect
determination from loop measurements (7 = 66.6"%4 ,°).
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AF=2 Box
Measurements




A F=2 box in b->d transitions: CP asymmetries in B.2>)/ Y K,

CKMFITTER (BABAR+Belle)
combination: B=21.38 *0-79  .°

PLB 721 (2013) 24

LHCb (1/fb): B =23.4 *3-6 , ,°

A2

tan[3’~—(1——)

I-p

To be compared with the indirect
determination using “tree level
measurements”: 3 = 24.9+0.8-1.9°

If we assume the SM, B-factories have measured the phase of V_, better than 4%
from b—>d transitions in box diagrams. However, NP must be contributing at some
level! Therefore, the precise measurement of f3is in fact, a precise measurement of
(B + P, NP). d,,NF can be as large as O(5°) and still be consistent!

n=7(1-122)
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A F=2 box in b—>s transitions: CP asymmetries in B.2>)/Y ©

b Vib ! Vis s Ji
B . n R + small penguin
W~ 147 -
pollution
NP ? 12 Wl
s v : Ve b ¢, =-21n

(L'J%A/, — _2 arg ( VCS V:b) ~ O
Sensitivity to the phase in the box diagram, through the interference between mixing and decay.

Angular analysis is needed in B,.2>)J/Y @ decays, to disentangle statistically the CP-even and CP-
odd components. Use the helicity frame to define the angles: 6,6 ,,®,.

Helicity angles




A F=2 box in b—>s transitions

LHCDb flavour tagging improved with the inclusion now of Kaon Same Side Tag: e D2 = (3.13 £ 0.23)%
PRD 87 (2013) 112010
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A F=2 box in b—>s transitions

The result of the LHCb angular analysis of B,=>|/Y ® decays with |/fb (27.6k candidates) gives:

b = 0.07 =+ 0.09 (stat) £+ 0.01 (syst) rad,
[« = 0.663 = 0.005 (stat) £+ 0.006 (syst) ps~!
AT, = 0.100 + 0.016 (stat) &+ 0.003 (syst) ps~!
Al = 0.94 £ 0.03 £ 0.02 (compatible w/ no CPV in decay)

See F. Dordei talk
for more details.

e O"’l§= ™ 3 Moreover, the decays B,~)/ ¥ 1 (PLB 713

o B = — B8 % — ]

: 0.16F 1 fb-! | PRD 87 @013) 112010 | *0%CL E (2012) 378) are in a pure CP-odd state and

<4 0.14F - 4 don’t require angular analysis. A simultaneous
0.12F 4 fit to both decays gives:

0.1F =
0.08 =
0.06 - = ®_=0.01 £ 0.07 (stat)  0.01 (syst) rad
0.04 = .- [, =0.661% 0.004 (stat) £ 0.006 (syst) ps™'
0-02?_ o 'g AT =0.106 £0.011 (stat) + 0.007 (syst) ps"
2 -0.2 0 0.2 0.4
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A F=2 box in b—>s transitions

The LHCb measurement:

®_ =06+ 4.0°

can be compared with the indirect

determination using “tree measurements’, ®_ =-2.3 *0-! / .° Although, there has been
impressive progress since the initial measurements at CDF/DO, the uncertainty needs to
be further reduced for a meaningful comparison.

LHCb<1.0fo™+ CDF 9.6fb"'+DQ@ 8fb™" + ATLAS 4.9fb™
'_'TO.25:+""|;,""r~:\"'|""|""|""+:
| - ! DO HFAG B&
2 . F \ ]
2 0.20F -
& 8 68% CL contours ]
~ r (Alog £ =1.15) 1
< 015 \LHCb E
L - ey ,,'®'\qubined B
o CDF 3
" i ATLAS ]
] N .1..“1\. ----- ~1 ----- .-1.1 . 1]
145 10 05 00 05 15

Meanwhile, other experiments have started
contributing. ATLAS tagged analysis with 5/fb
(22.6k candidates) and (&€ D2 = (1.45 £ 0.05)% )

of B.2>)/¥ © decays gives:

ATLAS-CONF-2013-039

Oy = 0.1240.25 (stat.) £ 0.11 (syst.) rad
ATy = 0.053 £0.021 (stat.) £0.009 ( :
(

[, = 0.677 +0.007 (stat.) +0.003 (syst.) ps~"

Syst.) ps
SVS

which corresponds to @ =7 £ 16°.

CMS has also perform an untagged analysis with
5/fb (14.5k candidates) to measure: CMs-PAS-BPH-11-006

AT =0.048 * 0.024 (stat) * 0.003 (syst) ps'
22

So far there is no evidence for NP contributions neither on b->d nor on b>s box diagram:s. l




A F=2 box in b->q transitions

—(
013 7 SM+NP
(B My,

A7 .<B§ ‘M

SM E

12

0
q

b

b w

A

.

q

NP - i
A7 =Re(A,)+i In(A,)=|A Je ‘”I

No significant evidence of NP in
B, or B, mixing . Remember that
what is named SM prediction in
these plots, is in fact the
determination from other s

measurements (tree level).

ImA

New CP phases in box diagrams
constrained @95%CL to be
<12% (<20%) for B,(B,).

0

Re A,

'
N

See D. Derkach talk for
the UTfit point of view.

T 1T T T
excluded area has CL > 0.68

- ropm

fitter
ICHEP 2012 (prelim)

AT &8

SM point

Aq &ag(B)&a_(B)

‘ New Physics in B_ - B, mixing %

Need to increase precision to disentangle NP phases of few percent in B, and B_ mixin
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AF=1 in c>u QCD penguins: “Direct” CP violation in Charm decays

Tree QCD penguin
d -
N _ J\;{\/‘V'Lﬁ
'\J\‘N\l \<U ¢ i_‘i o™ 5 v
(D0 o) - DD s hth) N N
1N - ay Rty
Agp(D’ = hth™) = | — , d >~
[(D%= hth=)+ T(D" = hth-) . ‘
u u
(lvcdvudl o A ) (lvcbvubl a A 5)

No evidence yet of CP violation in the interference between mixing
and decay in the Charm system. Could we have large (unexpected)
“direct” CP violation in Charm (penguin) decays!

A priori, consensus was CP violation O(1%) would be “clear” sign
for NP,

Within the SM, use of U-spin and QCD factorization leads to
A Ap~4 Penguin/Tree ~0.04%.
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AF=1 in c>u QCD penguins: “Direct” CP violation in Charm decays

A Ap=Ap(K*K) = A p(T'm) cancels detector and production
asymmetries to first order. The SM and most NP models predicts

opposite sign for KK and 111, hence no sensitivity lost by taking the
subtraction.

D**>DP [h*h] 1* charge of the pion determines the flavour of D°.
Most of the systematics cancel in the subtraction, and are controlled
by swapping the LHCb magnetic field.

There is no problem to enhance A Acp in NP models, the question is
really if subleading SM contributions are well under control. For

instance, the U-spin approximation is challenged by the measurement
B(D—>1m)~2.8 B(D—>KK).
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AF=1 in c>u QCD penguins: Direct CP violation in Charm decays
LHCDb first evidence for direct CP violation in charm decays with 0.6/fb:

A A ;=(-0.82%0.24)% LHCDb (0.6/fb) (PRL 108, 111602 (2012))

confirmed later by:
A Ap=(-0.6210.23)% CDF (PRL 109, 111801 (2012))
A ACP=(-O.87iO.4 | )% BELLE (Preliminary ICHEP 2012)

However, a more precise LHCb update with |/fb does not confirm the

previous tendency: See M. Smith
talk for details

A A p=(-0.34%0.18)% LHCDb (1/fb) (LHCb-CONF-2013-003)

Moreover, an independent analysis using B*>D° [h*h-] ¢ * v X, where
the charge of the muon determines the flavour of D° does not confirm
either the initial hints:

AACP=(0.49iO.33)% LHCDb (semil, 1/fb) (pLB 723, (2013) 33)
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AF=1 in c>u QCD penguins: “Direct” CP violation in Charm decays

Naive average
AA .= (-0.35 + 0.12)%

p-value average = 2.4%
(or equivalent to 2.3 O)

p-value (no CP-violation) = 0.15%
(or equivalent to 3.2 0)

LHCDb results dominated by
statistics. Situation should
become more clear with the

! ! ! ! I ! I

i
BaBar
| @
[
l
I
l
I

CDE

Belle
f L

LHCb prellln%mary (p1on tagged)
1.0 fb |
I LH(.:b (muon tagged)
| 101
Naive avierage
—&—

| | | | | ] I. | | | | l | |

analysis of the available 3/fb.

AAp (%)

But it is clear that we are moving towards smaller effects, hence difficult to differentiate

NP from SM.
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SM

Three impersonations of the EW penguin

@ oep SUPpression helicity suppression

s SM The
‘/i:b W= V;:s
- - == S —

b —p > ™ >
s L
Chargino loop L=
Neutralino loop v
Relevant Operators BR(SM) BR eXp
B.—dy Oz, ~ mySp0,,bpF™ (3.5+0.4)-10° vy polarization
Large theory  LHCb: arXiv:1209.0313
uncertainties
Oz, ~ mySp0,, bpF* 0(20%) (1.16%0.19)-10° angular
B°—>K*WM' 09((1[)5) NS L”[MW'}’# (’}5% LHCb: arXiv:1205.3422  distributions
- g (3.610.5)-10° (3.2*1>,)-107°
Bs_>l“' l“' OS(P) 5LbRL(Ys)¢ helicity suppressed LHCb: arXiv:1205.3422 BR
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AF=1EW penguins in b->s transitions: B>K* i/ ( angular analysis

b>s VoVl A | L ¢

Ba g s K

B> K*u 1 is the golden mode to test new vector(-axial)

1
couplings in b=>s transitions. %

18

IK*=> K1 is self tagged, hence angular analysis ideal to test helicity structure.

Sensitivity to O,, Oy and O, and their primed counterparts. This analysis is bound to
be one of the stronger constraints in models for NP with future statistics.

1 d(r+D)

r dcosflydcosfk do -

3E2)1r g(l—FL)SinQGK-i-FLCOSZGK-F}l(l—FL)sinzexcos%g _ / ‘

— F, cos® B cos 26, + ‘\ % \\

S3 sin? O sin? 0y cos 2¢ + S sin 20 sin 20, cos ¢ + ; _; k%) >
Ss sin 20 i sin O cos ¢ + Sg sin? O cos 0 + \B \ Z
S78in 20k sin 0y sin ¢ + ; .

Sg sin 20 sin 20, sin ¢ + S sin® O sin? O sin 2¢ ]

Results from B-factories and CDF very much limited by the statistical uncertainty.
LHCD already has with |/fb the largest sample (0.9k candidates).
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AF=1EW penguins in b->s transitions: B>K* i/ ( angular analysis

Hadronic uncertainties under reasonable control for:
W.Altmannshofer et al. [arXiv:0801.1214]

- F,: Fraction of K* longitudinal polarization. N : OBR
N SM ] GMSSM;
- S,=-4/3 Ag: Forward-Backward asymmetry \¥ | 0.10
of the lepton. o M| 00s|

<
- S; @ A% (1-F)):Asymmetry in K* transverse $
]
9]

53
. . -0.1 0.00
polarization.
g . . -02} .
Agg zero crossing point particularly well X | 005
predicted within the SM. o 010
1 2 3 4 5 6
¢ (GeV?) ¢’ (GeV?)

Moreover, the dependence with form factors can be further reduced with a redefinition of
observables:

A® - 2%
! (1—-Fr) 3 _
S 1 '+ D) -9 [—(1—F)sin26 + Fp, cos” 6 +£(1—F)sin26 cos 26
A:?e = (I—GF) I' dcos 6y dcos Oy do 32w L4 b K L KTy k K £
—LL
1
o Sy — Fy, cos? 0 cos 20 + S F,) A2 sin? 0 sin? 05 cos 2¢ +
4 =
(1 _SFL)FL \/ Fr(1 — FL )P} sin 265 sin 26, cos & + 1/ F (1 — FL)Pé sin 26 g sin 6 cos ¢ +
/ 5
PF) - (1 _FL)FL (1 —FL)AEG sin® O cosby + 4/ F1,(1 —FL)P(; sin 20 g sin @y sin ¢ +
p = S7 W/ FL(1 — FL)P. sin 26 sin 28, sin ¢ + (S/A)g sin? 8¢ sin? 8, sin 26 ]
. =
\/(1 — FL)FL,
P, = Ss 32
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B> K* 1 ¢ Angular Analysis Results

Folding technique (® > ® +m) for ® <0, reduces the number of parameters to fit: F , S;,S, and S..
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1

Wi ithin uncertainties observables are consistent with the SM.
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ATLAS, CMS B2>K* 1 1 angular analysis

And fortunately also ATLAS and CMS with ~0.4k candidates in 5/fb start to
contribute to this analysis. They are particularly competitive at large q2.

SRR BN BN LA LA N B B ELALEL BLEL
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0 2 4 6 8 10 12 14 16 18 20
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L e e L L B I B
E ATLAS Preliminary ]
0.8 =
0.6} 1 —
H+ -
0.2f 3 =
O f ‘ | | 3
0.2 + Theory —f
ul —e— ATLAS ]
0'4; —=— BaBar =
0.6F \s=7 TeV —=— Belle =
- —=— CDF ]
0.8~ I Ldt = 4.9 fo" —=— LHCb =
_1_ el b v b s by by b o by by by 1
0 2 4 6 8 10 12 14 16 18 20

q° [GeV?]

34

Ty

CMS preliminary L=52f" {§=7TeV
1 = - CMS
0.9 #LHCb
0.8 — -+ BaBar
= ~+ Belle
0.7t ' + ‘ + CDF
0.6F ;
055 —— fk —
04 |
0.3 i_ —L— ‘
0.2F
0.1
0 : 1 l 1 l 1 l 1 I 1 1 1 ] 1 1 I 1 1 1 I 1 1 1 ] 1 1 l 1
2 4 6 8 10 12 14 16 18 )
o2 (GeV/c)
1
0.8
0.6
0.4
0.2
o
0.2 CMS
0.4 - LHCb
06 - -+ BaBar
E +Belle
0.8 +CDF
-1. C I 1 [ 1 l 1 l 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 [ 1
2 4 6 8 10 12 14 16 182 5
q? (GeV/cY)



Other folding techniques, can give access to the

B> K* 1 ¢ Angular Analysis Results

rest of observables.

1p=r=—

o > ) f()l' h < () Zl—. 08 T P—— ! E— T
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s t ) ¥ (8) f " i /= 0.8 -

-1 L A L L

0 10 15 20
q? [GeVZicY]

D —> 7 1) for o > w/2

o I . v
Ptl, S~ @ —m—¢ forop<—m/f2 < SM Predictions 7
. . / .
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Most of measurements in good agreement with SM predictions. Only a hint of disagreement in
P’. at low g?. With more luminosity a full angular analysis (no folding) will allow to exploit the

full statistical f the data.
ull statistical power of the data See J. Hernando talk

- for more details.



A F=1EW penguins in b>s transitions: Implications

1T0F + ~ v 1+ ~ v = v e ey

Modified from arXiv:1307.5683
to include alternative SM pred.
from arXiv: 1212.2263
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FIG. 4: Improvement in the g*-dependence of /% in the illus-

2
: NP WNP e 4 iy . .
trative case Ca = — Cy — = 1.5 (and NP contributions to the

other Wilson coellicients set to zero).
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?(SU/WP_RZ))F“ ) Og = %(QTWT PRb)G’ ,
O = (57, PLO)("0), 015 = (57, PLb)(Py'y5t)
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SM predictions for P’; differ significantly
between different authors.

Nevertheless, NP contributing to C,
could provide a better fit to the data, and
still be compatible with other
measurements.

The increase in sensitivity of the analysis
with 3/fb could already be tale-telling.

Re(C)y)




(@

AF=1 Higgs

Penguins
&, ‘




A F=1 Higgs penguins in b>d,s transitions: B decays

b>s (IVeVal @ A7)

The pure leptonic decays of K,D and B mesons are a

particular interesting case of EW penguin.The helicity b <
suppression of the vector(-axial) terms, makes these decays
particularly sensitive to new (pseudo-)scalar interactions t
—>Higgs penguins! s
L
These decays are well predicted theoretically, and | | _arXivi 12111976
experimentally are exceptionally clean.Within the SM, SR
|
RS ]
arXiv:1208.0934 | BRgm(B,> i 1) <t> = (3.5610.29)x 10" :
arXiv:1303.3820 E‘
PRL 109,041801 (2012) i Lo N ;
with input from HFAG. BRSM(B U u ) <t>= (I .0710.1 O)XI 010 =3
<
2 '/ my = 2TeV
G2a2 % 3 » 4’”_ o (@) Z*1TeVA >0
BRB, 5>y i) =——— V.V [ 1o, M; fa |l -—L X ateva
. " t M Ba 7 (b) . = 4TeV, A > 0
! 64r’sin‘g, " B"\' M, @ n = 15Tov.4 > 0]
dyp=1TeV,A <0
" _ 1 2 _ ) 2 gray: AH — 77T
A Am | Co=uC Co—pC A = '
X3 My | 1-—E S NC R alhd C, —Q) 200 400 600 800 1000 1200
M g )\ 1H4 1+ U, T M, (GeV)

Superb test for new (pseudo-)scalar
contributions.Within the MSSM this

with u, = m/m, << | and m /mg << I.Hence if C; are of
. ’ BR is proportional to tan® 3 /M,*

the same order of magnitude than C, they dominate by far.
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A F=1 Higgs penguins in b>d,s transitions: B decays

Main difficulty of the analysis is large ratio B/S.

Assuming the SM BR then after the trigger and selection, CDF expects ~0.26 B, u u signal
events/fb, ATLAS ~0.4, CMS ~0.8 while LHCb ~12 (6 with BDT>0.5).

The background is estimated from the mass sidebands. LHCDb is also using the signal pdf shape
from control channels, rather than just a counting experiment. All experiments normalize
to a known B decay.

In the B, mass window the background is completely dominated by combinations of real muons

(main handle is the invariant mass
resolution: a factor two better invariant

. ] . Decay time
mass resolution is equivalent to a factor resolution )~ ~100fs  ~70fs  87fs  45fs
two increase in luminosity). Invariant Mass
resolution 80 MeV/c? 45 MeV/c? 25 MeV/c? 22 MeV/c?
(2-body)

Therefore, for equal analyses strategies:
~1/fb at LHCb is equivalent to ~10/fb at CMS, ~20/fb at ATLAS/CDE.
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A F=1 Higgs penguins in b>d,s transitions: ATLAS/CDF/DO0 Results

CDF analysis strategy very similar than LHCb. Small excess

4CC o0.70<v, <097

x 0.2

g,

0.97 <, <0.987

t

0.987 <, <0.995

T

Dbl Bl s

1CF o0.70<v, <097

0.97 < <0987

0.987 <v < 0.995

vy >0.995

Background
B+ Signal (SM4.1)

L
observed over the background-only hypothesis in the B, mass s .
window (p-value = 0.9%). CDF: 10 fo—" [PRD 87, 072003 (2013)] PRE
é:o
DO however sees no B(B? — p*p~) € [0.8,34]-107°| 2
= o ’ S ®
excess (p-value = 77%). B(B° = u*u~) < 46-.107° :
@ 95 % C.L.
DO: 10.4 fb~" [arXiv:1301.4507]
> 4
_ 9 = 35
B(BY = ptp~) <1510 @ 95% C.L. =3
N 3
L B L ‘52.5
ATLAS Preliminary m 2

® Data

—— By — ptw MC (10x)

Events / 60 MeV

ATLAS-CONF-2013-076

91800
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ESYB) 5uuSMx5

— Background estimate
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arXiv:1301.4507 ||
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ATLAS (like DO) cannot distinguish B, from B, and
does not observe any excess w.r.t. background-only
hypothesis (p-value = 58%).

B(B - p*p~) < 15-10-° @95 % C.L.

m, [MeV] 40



A F=1 Higgs penguins in b>d,s transitions: CMS/LHCDb Results

CMS (25 fb'') and LHCb (3 fb'') have sensitivity to BR(B,> 1 * 1 -) =3x10%, with 4.8 0 (CMS)
and 5.0 0 (LHCb) expected excess w.r.t. background-only hypothesis in the B, mass window.

Obsel’vedl ‘ BR(BS — M+H—) — (2.9-:1(1)) X 10-9 | BR(BS e M+M_) = (3 .Ot(l)(g)) X 10_9

% BR(B® — u'u)= (3721 x107°
BR(B® — u*'u")<0.7x10”° @95%CL

BR(B® — u*u)=(3571)x107°
BR(B® — u*u)<1.1x10”° @95%CL
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DO 10.4fb "'

CDF 10fb '

ATLAS 491"
preliminary

LHCb 3tb "'

CMS 25 '

CMS+LHCh |

preliminary

A F=1 Higgs penguins in b>d,s transitions: Results

Observation:

BR(Bs — utp~)=(29+0.7) x 107

BR(BY — uTpu~)=8671% x 1071V

' CDF 10fb ' i IsM
. LHCb 3 ' [~ : . g
B CMS 25Mb ' [~ | - |
I sMm
CMS+LHCb | , .\ .
preliminary ! " b
ddedeiaa du PO - ] ] P ) W S W VR W W U U S N
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B(B"» u'u) 10"
ol See ). Hernando talk
42 for more details.



A F=1Higgs penguins in b>s,d transitions: Implications
20 T I

Latest results on 3(5)9 Ut U strongly
constraint the parameter space for many NP

models, complementing direct searches from _ '*
ATLAS/CMS. L:.
1
T 1w f
In particular, large tan 3 with light pseudo- & Y
scalar Higgs in CMSSM is strongly disfavored. E’
arXiv:1206.0273 g 0.5

0 RSe 10 20 30 40 50

10° x BR(B, = p*p)

Im(C>)

The precision achieved now is such that
B U U sensitivity to (Z, V) penguin
starts to compete with the golden mode
B>K*u*u-.
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Charged Lepton
Flavour Violation




Dirac vs Majorana). Hence, CLFV is very relevant for “Flavour” and “Neutrino” physics!

CLFV: Muon Decays

The discovery of neutrino oscillations implies CLFV at some level. Many extensions of the SM to
explain neutrino masses, introduce large CLFV effects (depends on the nature of neutrinos,

There is one more very important advantage w.r.t. the quark sector: the reach for NP energy
scale is not so much affected by QCD uncertainties in the SM predictions.
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arXiv:1303.0754 |
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CLFV: Tau Decays

I ’ N . . . .
' arXiv:1301.6002, SUSY including | Tau Decays are less suppressed in the SM with Dirac massive V.
' Heavy Majorana v and 0 ;~9°
" 2 ( T V. \‘Ll Ll \ ( N\
\ I
\ ) /
= < Wi
A t,\/\/‘
- y
E I
==} k (—/
SM ~ 1049 SM ~ 10142

The ratio between T > £ ¥ and T > 4 [ U is a very powerful
., .1 test of NP models.The decay in 3 i is interesting in models with no
" dipole dominance (e.g. scalar currents).Typically SUSY predictions in

the range [10°''-10-7].

10" 10"

0
M, (GeV)

Taus are harder to produce.While rates of 3x107 ( */sec have been achieved at PSI, the B-factories have
produced the best limits on CLFV tau decays with production rates of ~2x10° 7 /ab"! or ~10% T /sec.

However, at the LHC taus are copiously produced (mainly from charm decays, D.2> 7 v ).At 7 TeV pp
collisions, ~8x10'® 7 /fb-! are produced or ~10° T /sec. At 14 TeV pp collisions expect to double the rate

(higher xsection) and double again (luminosity)!.

Best limits at 90% C.L., so far, from B-factories: Is it possible to exbloit
BR(T=2>uT) BR(T =2 1 u 1) | arxiv:1001.3221, thi Ip I Pf

BELLE: 4.5% |08 2 1x10°8 arXiv:1002.4550 IS large sampie o

: ) ' taus at the LHC?

BABAR: 4.4x108 3.3x10® 46



Tau Flavour Violation Decays at LHCb: 7 2> 1 u u

LHCb has performed for the first time at hadron colliders a search for T 2> ¢ (4 ( in
|/fb at Vs=7 TeV. The number of candidates is normalized to the number of

D.2>®[ ¢ 1 ]m, the measured bb and cc cross-section at LHCDb, and the fractions of
B—> T and D> T from LEP/B-factories.

Search in bins of invariant mass, PID and

N 6F " et topological discriminant. Distribution
-;,'f_, 3 (2) Mpp € 0.725,1.0)  LHCb 4 compatible with background hypothesis.
< 45 PLB 724 (2013) 36 |7
= F 1 Main background in the sensitive bins
% 3 - 1 Of>n[u u viu v).LHCb results:
- "
g 2 =
: ’E“‘ BR(T > U 1 1£)<9.8(8.0)x108 at 95(90)% CL.
© LI TR :

ol Ll b L LTI T BELLE sensitivity x4 better with ~0.8 ab-!.

1600 1700 1800 1900

m(u p ) [MeV/e]
See O.Vives

The LHCb-upgrade with 50 fb-! at Vs~14TeV and BELLE-II with talk for more
50 ab"! should reach BR(T > 1 ¢ ¢ )<[10-'°-10] at 90% CL. on the future.
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Conclusions

Interest in precision flavour measurements is stronger than ever. In some sense it
would have been very “unnatural” to find NP at LHC7 from direct searches with
the SM CKM structure.

There are few interesting anomalies, but in general the agreement with the SM is
excellent = large NP contributions, O(SM), ruled out in many cases.

There is a priory as many good reasons to find NP by measuring precisely the
couplings of the new scalar, as by precision measurements in the flavour and
neutrino sectors!

The search has just started at LHCb with (1+2)/fb at LHC(7+8)TeV.

LHCDb upgrade plans to collect ~50/fb with a factor ~2 increase in bb and cc
cross-section. ATLAS/CMS plan to collect ~300/fb and Belle-ll plans to collect
~50/ab before HL-LHC. See G. Branco

perspectives talk

We don’t know yet what is the scale of NP cast a wide net!
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Don’t give up yet!







Tracking performance: Momentum and impact parameter resolution

ATLAS Si LHCDb Si
Pixel VELO

N channels 80 M 66 M 170 k

: 50x400 100x 150 40 um
Size . ) .

um (pixel) wm (pixel)  (strip)

Dis;aeg:: o 8.8 cm 44 cm 0.8 cm

Integral Bdl: CMS/LHCb ~4Tm, ATLAS ~2.5Tm

Decay time

resolution (B)) ~100 fs ~70 fs
Invariant Mass
resolution 80 MeV/c? 45 MeV/c2
(2-body)

87fs 45fs

25 MeV/c2 22 MeV/c?
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LHCb Partlcle Identification
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LHCDb Particle Identification
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Trigger systems at LHC

L~4E32 40 MHz sampling L~7E33
16 MHz crossing rate
26 MHz collisions | \ﬂ 500 MHz collisions
Detectors
@ Front end pipelines
A 4
| MHz i 100 kHz |} || 65 kHz
Readout buffers l
Switching network 5 kHz
Processor farms
Y
5 kHz 0.5-1
LHCDb CcCMS
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LHCDb Trigger System

LHCD trigger output rate completely
saturated by bb/cc events. However, only

interested in relatively rare events
(BR<103) > the LHCDb trigger is what

is called b-tagging at ATLAS/CMS!

For bb an inclusive approach just works
fine, but need exclusive selections for cc.

One synchronous hardware level, DAQ
rate limited to | MHz.

Computing farm with software HLT.
- First rate reduction based on track
reconstruction (~80 kHz).
- Final inclusive/exclusive algorithms

reconstruct B/D candidates (~5 kHz).

40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHZ
readout, high E;/P; signatures

réoftware High Level Trigger

\___selection algorithms y

29000 Logical CPU cores

Offline reconstruction tuned to
trigger time constraints

Mixture of exclusive and inclusive

o O

5 kHZ Rate to storage

2 kHz i 1 kHz

Inclusive/
Exclusive Muon and
Topological s DiMuon

Inclusive

-



b—>u,c: Charged Currents (NP at tree level?)

I, =T(b — x0v) < |V|2 .I‘4eaSL.|red values of V., at B-factories using
0 inclusive or exclusive methods show a
discrepancy at the 2-3 O level:

<l

V. (incl)~1.3V,, (excl.).

T

ub 2

V

ch

End of 2011

Both methods suffer from large theoretical
and experimental uncertainties. Next
generation B-factories will produce hadronic
tagged, high statistics, high purity samples.

LHCDb is expected to provide competitive U
results in exclusive modes.

08

06

04

02

Progress with lattice calculations but ! ‘ 0
Vl d
incl

still a big challenge for theory! w? Yoy, i V—Mpg(n-mn .
<10 05 00 05 10
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b—>u: Charged Currents (NP at tree level?)

For some time the measured BR(B> 7 V) has been about a
factor two higher than the CKM fitted value (30),in
better agreement with the inclusive V ,, result. Measurement
very challenging at hadron colliders.

On the other hand, we knew from LEP: W> 7z v /W 2| v ~1.06£0.03

PRL 110, 131801 (2013) \ VS, e m, et
B= (072105 (stat) £ 011 (syst)] x 1074 K !
Hadronic fag | gig ot 4 \‘ Y(4s) i
B= [1.83f0.49 (stat) £ 0.24(syst)| x 10 DI’ ) O — 00— ' !
arXiv:1207.0698 (2012) B N\ By
A B =[1.5472% (stat) 2 (syst)] x 10~* s, efe
Semileptonic fag _[ o (09 (o) y
B= [17 +08(stat) £ O'Q(SySt)] x10 Biag reconstructed from By extracted by using
. 1‘ i \2'5 3 * hadronic decays B—~D"hm, etc., * extra energy (“Ecct” or “Eexra”),
Belle combined: B(0.96:0.26)x10*  BaBar combined: B=(1.79+0.48)x10* + semileptonic decays B+DIlv. o missing mass squared (“Muis2").

Summer 2012 Belle presented a more precise hadron tag analysis, in better agreement with

the fitted CKM value:
World average BR(B-> T v)),,,= (1.15£0.23)x10* vs CKM fit:(0.83%+0.09)x 104
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b—>c: Charged Currents (NP at tree level?)

W/, 417
{f;:a FAE

BABAR also presented by Summer 2012 a
more precise measurement of BR(B—>D(*)
T V)/BR(B=>D(*)Iv).Ratio cancelsV_, and
QCD uncertainties. Combined D and D*

BABAR results are 3.4 0 higher than SM

Belle should be able to reduce the uncertainties
on B2>D(*) T ¥V soon at similar level than BABAR.

Not obvious NP explanation.

2HDM need to be stretched to be
able to explain the measured ratio at
BABAR, and in any case would be in
tension with the latest measurements

of BR(B> T v).
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A F=2 box transitions theory

9 b q

dispersive )
absorptive

. d |BQ(t)> . ra E‘q |BQ(t)) w w ¢
“at ( By(2)) ) B (M T ) ( [By(2)) )

In principle one expects NP to affect the dispersive part,i.e. new heavy particles
(M>q?) contributing virtually to the box diagram.The absorptive part is dominated by

the production of real light particles (M<g?).

A

Dispersive part:M,,

e " s Am, = 2|M 5| BEAVS IV
B0 t t B.°
< : ‘ s> arg M12= arg (vts*vtb)z Ta=0Q,+7
S i b
Absorptive part: [ |,
real final states |__ Fes .
JIm :
> Al=2 I, = b ~5x107

AT 4« 0.004xT
AT o< 0.IxT
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A F=2 box transitions theory

0 0 0
D B, | B,
07
06

05

Am, a|V |2 V|2 A4
Prob[Bs](t)

08

Am a|V|* [Vel* @ 110 08 Amy 0|V [Vu|* @ A€

oo Prob[D°](t) o6 Prob[B](t) 04 .
e almost zero? 04 zz Prob[B2](t)

o2 °21 Prob[Bg](t) 01
05 1 15 2 25 3 05 1 1.5 2 25 3 05 1 15 2 25 3
Proper Lifetimes Proper Lifetimes Proper Lifetimes

The oscillation frequency is given by A M ~2[M9),].
The width difference by A [' ~2| T 9),|cos(q,) with @ =arg(-Md,/ [ 9,)).

Expect very small CP violation in the oscillation, or equivalently very small values for

flavour-specific CP asymmetries:
ad.=| rqlleq|2|5i“((Pq)

Best chance to see SM-level CP asymmetries in the interference between mixing and
decay. 61



A F=2 box in b—>s transitions

However, there is a two fold ambiguity in the differential decay rates:

(s, Ars,50,5||,(5J_,5s) — (m — ¢s, —ATls, —do, —(5", T —3d1,—0ds)

arXiv:1304.2600

This ambiguity is resolved by LHCb

— 5 T I = r |1 -t
using the dependence of the phase - ]
b g 2 4E LHO 3 -
difference between P-wave and S- - +¢_§_ -
— r .
wave. o 3 —
) - + .
The physical solution is found to be “© 2F . -
the blue points (the other solution, - 1 -
) P g ( > 1 -
red points, is not compatible), - + 3
therefore: = -
JE T3 3
A I_ >O w 5 | 5 2 5 | 2 2 2 | 2 n

> 1000 1020 1040
m(K’K) [MeV/c’]
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A F=2 box in b—>q transitions (D0 flavour specific asymmetries)

Could it be that we have '

large NP effects in the Bg ->D(;M+VM2 Alowed g H

)

§

absorptive part? 30{5 2 D agL - _

q

= . =0
af =| 9,/ M9, lsin(g,) B, —>D(;;[vu: Not alowed directly

LIRIEARA

B N 4N

DO inclusive measurement of the dimuon asymmetry is interpreted as a linear combination of
a¢ (B,) and a;, (B.) which depends on the fraction of B, and B, in the data sample. No
production asymmetry at pp colliders. Detector asymmetry controlled by switching

magnet polarity.

DO Dimuon: Abg = (-0.787+0.172(stat)+0.093(syst))% (3.90)

PRD 84 (201 1) 052007 Systematic uncertainty drastically reduced by

assuming the bkg from the single-muon asymmetry.

and splitting the data sample in low(high) IP:
ag (By) = (-0.12%£0.52)% , ag (B,) = (-1.81£1.06)%

Moreover, DO has also measured: PRD 86 (2012) 072009,

PRL 110 (2013) 011801

Using B, 1 *DO)-: ag (B,) = (0.68%0.45(stat)*+0.14(syst))%

Using B> 1 "D, :  ag (B,) = (-1.1220.74(stat)x0.17(syst))%
63

BT AP ) 68% C.L.

B AP, ) 68% C.L. A )

B Combination = T,,
*  Standard Model L

Preliminary - SN

002 0 T 0.02



AF=2 box in b>q transitions (LHCDb flavour specific asymmetries)

LHCb cannot really follow the same inclusive gy I
o v wn . o
approach due to the relatively large ! e -
production asymmetry (for B, roughly ~1%). - LHCb e -
LHCb (B5D[OmuvX): | arXiv:I308.1048 ok e _
ag, (B,) = (-0.06£0.50(stat) £0.36(syst))%
: - o R R R $i
the B-factories of ag (B,) = (0.02+0.31)% | Hrac 0021 T T S it
: LHCb
World naive average: i Do
f— 0,
ag (By) = (0.13%£0.21)% , I DO
—] o FTrey
aSL(Bs) =5 ('0.7 I 10.44)/0 -O 04 | oKy Y(4S) HFAG
_ @ DO .
The world averaged values are in P IR S RS
reasonable agreement with the SM. -0.04 -0.02

LHCb needs to add more channels and more data and a precise measurement of A¢ (B,) to be
able to conclude. However there is already a clear tension between DO ag (B,) and the
measurements of (A [ ,® )
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A F=2 box in b->q transitions: (NP in absorptive part)

LHCb needs to add more channels

and more data and a precise

measurement of A (B,) to be able to conclude.

However there is already a -— 025
clear tension between 'a

24 0.20
DO ag, (B,) and the "

-
measurements of (A [ ,P ). g o1s
Getting more difficult to get ~ °™°
a coherent picture. 0.05

0

LHCb <1.0fb™'+ CDF 9.6fb '+ D@ 8fb™' + ATLAS 4.9fb™

68% CL contour
@(Alogc ~ 1.15)

SM

—t | | | | -
' 68% HFAG I
- o= 3
g Asp =1
0 95% .
— (G| I -
L 98% 3
£ C.L. 5

l I l =) l el el l Rl L l | T T l (=

-1.5 -1.0 -0.5 0.0 0.5 1.0 j [
CCS
¢, [rad

o DL

—_—
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A F=2 box in c>u transitions: NP in charm mixing?

AA[ A[H —_ AIL AP PH —_ FL  ——N"\NNNNf—>—u
to - , y j j | /
[ (FH'I'PL)/Q 2F (PH+FL) d.s. by Ads.b

i ———N\N\NNN——

In Charm mixing absorptive part dominant, therefore large theoretical uncertainties
in the SM prediction. Charm mixing has been confirmed combining BaBar, Belle and
CDFE

However, no observation (>5 0') by a single experiment until 201 3!

Assuming |x|,|y|<<I and no CPV:

DO
D** = DOt / \ wrong sign events B(t) NWS + fy t + /2 + y,Q 2

“— D’ ,
Q right-sign events NR S (
CF K '

' =zcosd+ysnd  y =ycosd - zsind
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A F=2 box in c>u transitions: NP in charm mixing?

LHCDb strategy similar than CDF: use ratio of WS to RS events as a function of t
in D*-> D11 events. Charge of soft pion tags the D°flavour.

-3 g | I T I T I T I I T T T I T T
e = [ ' ' I
F * Data 1 — 2r € -
6.5 — Mixing fit ERRE: ]
6F - No-mixing fit - ~F . E
- E - — 1o LHCb .
- . 0.5 — . .
3 E - — lo BaBar N R .
ET e T E of lo Belle PN, E
: ] - - 1o CDF ]
3 LHCb E -0.5F + No-mixing =
S F arXiv:1211.1230 3 - .
3 ? 1 l 1 . N l N 1 1 l N N l/ /l 1 N ._—' C | I 1 | 1 1 I 1 | | 1 I 1 1 | 1 I | ]
0 2 4 6 20 -0.1 -0.05 0 0.05
2 ro
t/t x| %]

No mixing hypothesis excluded at 9.1 0 by LHCb.

Recent CDF update (at Beauty, April 2013) using same experimental strategy, excludes no-
mixing hypothesis at 6.1 O 67



Mass scale
of New Physics

Auv [TeV]

llll

(s — d)
Amg, ex

CP violation
in K system

A F=2 box implications

Operator Bounds on A in TeV (exp = 1) | Bounds on exp (A = 1 TeV) Observables
Re Im Re Im
(5p7*dp)? 9.8 x 102 1.6 x 10% 9.0x 1077 34x107? Amg; e
(8pdy)(5rdg) | 1.8 x 10* 3.2 x 10° 6.9x107? 26x10"! Amg; €x
(" ur)? 1.2 x 103 2.9 x 103 56x 1077  1.0x 1077 | Amp;|q/p|,ép
(érur)(ELug) | 6.2 x 108 1.5 x 10* 57x1078  1.1x10~% | Amp;|q/p|,ép
(bry"dr)? 6.6 x 107 9.3 x 107 23x107° 1.1x107° Amp,; Sy
(brdy)(brdr) | 2.5 x 10 3.6 x 10° 39x1077  1.9x1077 Amp,; Syk
(br*sL)? 1.4 x 102 2.5 x 107 50x 1075  1.7x107° Amp,; Sye
(br si.)(brsg) | 4.8 x 102 8.3 x 102 88x107¢ 29x10°¢ Amp,; Sye

Table 1.1: Bounds on representative dimension-six AF' = 2 operators, assuming an effective coupling exp /A%
The bounds are quoted on A, setting [enp| = 1, or on enp, setting A = 1 TeV. The right column denotes the main
observables used to derive these bounds (see next chapter for more details).

arXiv:1302.0661

(b — d) (b — s) (c — u)
Amg, sin2p Amg, A, , . D-D

Oscillations Oscillations
and CPV and CPV Al

in B4 system in Bg system | | jn D system




sin(2B") = sin(2¢¢

|Mor|ond 2012

PRELIMINARY

b—ccs World Average 'R : 0.68+ 0.02
L H — 0.74 311
WK Average | ol b 0.59 £0.07
KsKsKs Average | —e— i 0724019
K "A\}éré‘gé """"" P —afle 0574017
P°Ks  Average | b 0.54 4312
©Ks Average i —a—d 0.45+0.24
,Ks Average i = i 0.60 312
f,Ks Aveérage A —p 0.48+0.53
fKs Avérage —_—— 0.20£053
kg Average———— || 0724071
on°Ks Avérage T —— % 09792
x*x KsNAvérage S —— R 0.01+033
K?BK K° -Averagem””””é'”””” ----- -0'6-8;8‘158-
z : :Avierage i S 4 o : 0.68 +0.07

-16 -14 12 -1 -08 -0.6 -04 -02 0 02 04 08

0.8 1 1.2 14 1.6

AF=1b—>s QCD penguins

B, B

= S
4 . = .
Vcb we Vcs? K 3 Vcb w* VCS? s} (I)

b s s b s
AN ~,

Box
+Penguin

S :s}(l)

By(tree)-P, (penguin) = SB(NP)

B(tree)-B(penguin) = SB(NP)

No significant discrepancy between b—>ccs and s-penguin measurements. However, there may
be a tendency and effects O(63~4°) are not excluded.

The effect of the same s-penguins can be measured at LHCb both in the B, and B, system.
Belle-1l may improve further on B, decays.

An O(few degrees) measurement can reveal NP effects in s-penguins
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AF=1 box in b>s QCD penguin:B.>® ®

The phase in the b=>s box diagram is constrained to be small j .
(withint 4.0° from direct or £ 0.9° indirect measurements). ek 8
Q.
Angular analysis is needed in B> @ ® decays, to disentangle
statistically the CP-even and CP-odd components.

(VeVel @ A7)

£ D2 = (3.29 * 0.48)%

arXiv:1303.7125

The analysis with 1/fb g‘ " E E

(0.8k candidates) results in £ S s

a non-parabolic likelihood £ i “E

profile: i g

v
: Total
@ is within , ('P—even
[-136,-53)° at 68% CL
With a p-value of 16% for ¢ S-wave

the SM hypothesis.

Candulges /O]
=3

Candudoges /O 0
S 7

Still a long path to walk




AF=1b—->s,d QCD penguins: Direct CP violation in B->3h

B = K*r'n BR o 10° B= = rK'K BRo 10
h E-\ b->s penguin b->d penguin
/ \ s s .
-1y \4 ,< K ) 3" ,< T
P> 5 7— X A - & ._;’ ~%() X A W- i
Y I\ ) § [\ ) /
. h—p i —1 h—y Y >
X AT g P 3 ok nr
/ ) ( o, fo, NR ( fr.NR
2 .,[ ; s —— 3
= 2 AURRLL <+ S « < i K < —
(Ve Vel @ A 2) (IVapVusl @ A7) (Ve Vel @ A7) (IVupVud @ A7)

In principle, 3-body charmless B decays is also a way to access 7, trough the
interference between tree and penguin decays = not a tree level measurement.

LHCDb has preliminary measurements of large integrated along Dalitz plot
CP asymmetries:

b—>s QCD penguin (LHCb-CONF-2012-18) b->d QCD penguin (LHCb-CONF-2012-28)

Ap(B*—>K*mm)=0.034+0.009+0.008 Ap(B*>m*KK)=-0.153%+0.046+0.020
Ap(BE>K*KK)=-0.046+0.009+0.009 Ap(BE>11mm)=0.120+0.020+0.020
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Events / ( 0.1 GeV~</c")

AF=1b—->s,d QCD penguins: Direct CP violation in B->3h

Interestingly, the larger CP violation effects appear in special kinematic regions
not dominated by narrow resonances. For example, for the decay B*>1*KK a
large excess of B* over B~ decays is observed for M%(KK)<1.5 GeV?%/c*, as
previously indicated by BABAR.

LHCb-CONF-2012-28

| — B- (M?(KK)<1.5 GeV?/c*) B* (M¥(KK)<I.5 GeV?/c*)
80F 4 A~ —_——————————— —————
; + LHCb 15 YFTTHe | 38 METTHe | B
E & | Preliminary N Preliminary — model 1S 10F Preliminary — model E
o T I ? + - S 3 “BoKkn 12 g “BoKkn
50;— € Yli( n % 70 f g 5()E combinatorial _g 50 combinatorial _
40E + : ** : H + 40 12 40f - ]
na W? 33 2 1% 20F I ]
N I g T _
10F = 10: —_g 10:— +—:
g 7 é U O b [T R e ;\ L ‘;L ol Pkt 41 U O ; TR PN . L] ‘1%. L N

T e S 510 5200 5300 5400 510 5200 5300 5400
M. (GeV2/ ct) Myxr (MeVic?) Myxr (MeV/e?)

Some kind of hadron dynamics is working to generate such large A;.
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A F=1EW penguins in b>s transitions: B*>K* 1 u
The decay B*>K* 11 (£ is complementary to B2>K* u ¢, ) |
as the spin of K* implies much larger sensitivity to new
scalar and tensor contributions.

Angular analysis only depends on one angle,and A is b>s (VepVusl & A7)

expected to be very close to zero in the SM.

1 --LHCb —a—CDF ~8-BELLE
L A L L l L L) L ) l L L L ) L

S
arXiv:1209.4284 LHCDb

. L)

@
LHCb measurement: <

BR(B:>K: y yt )= -

(4.36%0.15%0.18)x107

lll]"l!
lllllllll

9
rrrryrrrt T
L -
- B F]
' 1
™ - - .} {

compared with previous
W.A. (4.8£0.4)x 10”7 -0.5

llllllll

'

—
-
-
—
—
—
—

o
N
—
o
n
N
o

q? [GeV?/c4]
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A F=1EW penguins in b>d transitions: B*>m* 1 u

u

The decay B*>11* 11 (1 is suppressed
by [V4l/[V

L
sl |

LHCDb has a first observation (5.2 0)

b>d ([VypVegl @ A7)

of this decay with |/fb data.

2516 events
5.2 o significance
l L] L] L L ] Al L) L] L] l

BR(B*%‘I‘I’*H U )= & 20 N  J

= , —autu ]

(2.3%0.6%0.2)x10-8 % LHCD i

> 15l arXiv:1210.2645 B'"—= K" 'uu

() N r -

. 5 Al . tf et

in agreement with SM g | LR ;

: »  10p art TeC -

expectations. o partreco. 3
©

ie] .Combinatorial i

© -

- .

The rarest B decay ever 3 H + -

observed, as we wait for ;

0 .
5000 5500 6000 6500
Bseﬂ ﬂtO reaCh 50_. MJ+“+”- [MeV/CZ]
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AF=1EW penguins in b->s transitions: B>K(*) 1 ( Isospin analysis

# of evts BaBar Belle CDF LHCb bt b\\ s
2012 2009 2011 2011 " v/\z;< o Q< Ko

471MBB | 605 6.8 T . W /m/f%<

- W- . ut

BY — K*0y7 | 137+44T | 247+547 | 164+15 | 900+34 &, aw K -

B+ - K*t (0 20+6 76+ 16

. - - BO—)K(*)0+—-IQBBi—)K(*)i+“
Bt - Kol | 153+ 417 | 1624387 | 234+ 19 | 1250 + 42 = B( 0 0# W) 1 ( i i“ W)
. $=\1 7 4=
B - KO +9 | oz1g BB KUPutu)+ HB(B= - KUy

Within the SM the decays B2>K® ¢ ¢4 and B*2>K®* 4 (1 are expected to have
very similar BR, (O(%) differences at low g%) = A(B>K* ¥ )=0.07+0.03.

arXiv:1205.3422

Theory M Binned theory -e-Data
——

B* =K 'utuw LHCb

dB/dg? 10" x ¢/GeV?

lllllllllllllll.llllllllllllll‘llllllll

‘ 15 — 20
g* [GeVZ/c?]

Theory MM Binned theory -e-Data
—

3 ° B° — K'u*uw LHCb
T 4
3t
:02
3 !—
%0

'l PO U U T U N U U S U R

20 ] 25
q* [GeVZ/c?)

10 15



AF=1EW penguins in b->s transitions: B>K(*) 1 ( Isospin analysis

While this is indeed what is observed for B2>K* ¢ ¢t and B*2>K**u u,recent LHCb
results seem to confirm previous less precise measurements of the isospin asymmetry in

B>Ku u and B*>K* 1 4 decays to be significantly negative (>4 0').

No physics model can explain this results... looking forward to the analysis of 3/fb at LHCb.

—-L.HCb —a-CDF = BELLE v-BaBar
— 5 — — e ;

—*-LHCb —4-CDF = BELLE " BaBar
———1 Y | I B B R

T - v L a [ .
1 B—Kuu = < . :

- p ) —_— R

L u 05 — B K ol o -

0.5 — S S : ) =} ;.

: 0 ,._- seeslloce SEELor, S PR 1 ...... _-

:'_ ~— il I T - - :

& r ) 1 -0.5] ) -

-0.5 :'_+ ._.llv_ 1 »- _::‘

). . -

-1 P TP B PP T -15 L P P T T TP -
0 5 10 15 20 0 10 15 20 25

2 721 44 > 2, 4

g [GeVI] xiv:1205.3422 g* [GeVic?]

Theory —*-Data — . v . .

<--- v T v v T v v v 11 v v v T < + _ .
B—Ku'uw LHCb B—=Kuu LHCb

I

e . 76 X
15 20 g* [GeV-/c?)
q* [GeV-/cf]




A F=1 Higgs penguins in s>d transitions: Kaon decays

The pure leptonic decays of K,D and B mesonsarea . s2d (Vi Vil @ 1°) u
particular interesting case of EV penguin. ——— W

f
k_.‘
2>
»

The helicity suppression of the vector(-axial) terms,  U#4
makes these decays particularly sensitive to new | J»--"'w ~
(pseudo-)scalar interactions >Higgs penguins! d o

BR(K, = 1 1)=(6.84+0.11)x10? (BNL E87 1, PRL84 (2000)) measured to be in
agreement with SM, but completely dominated by absorptive (long distance)
contributions. In the case of K. 1 (4 the absorptive part is calculated to be 5x10-'?
as it is proportional to Im(V_V..). NP enhancement up to 10-'"is possible.

The best existing limits on K.=21l at 90% C.L. are:

BR(K.»> 1 1£)<3.2x107 (PLB44 (1973))
BR(K.2ee) <9x10? (KLOE,PLB672 (2009))

In particular a measurement of BR(K.=> 1 () of O(10-'°-10-'") would be a clear
indication of NP in the dispersive part, and would increase the interest of a precise
measurement of K"'>m"v v. 77



A F=1 Higgs penguins in s>d transitions: Kaon decays

LHC produces 10'3 K /fb in the LHCb PR3 i l — l —
S C . ]
acceptance. Trigger was not optimized for > SoF s . LHC> -
this search in 201 | (it is for the 2012 = aoff reconstructed with - arXiv:1209.4029
= F 1 U hypothesis . ]
data taking period). 2 30F . =
§ A E‘ ° Ks=>1m E
= “’05. .«  reconstructed with 1
Excellent LHCb invariant mass resolution S 10F . s . mmhypothesis =
critical to reduce peaking bksg. N ST, , 3
460 480 500 520 540
Invariant mass [MeV/c2]
Mass distribution compatible with bkg =
— » ] T T — —TTT
hypothesis: o - ' '
yP 2 a0f LHCb
; : 5 35E 105
BR(K,> u 1)<I1(9)x10? at 95(90)% C.L. = _ F arXiv:1209.4029
x30 improvement! —_ _E
- BF
=
Excellent prospects to reach the S 13
interesting region ~10-!'! with the 8 OF
LHCb upgrade. 3
%70 500 510 520

m,,, [MeV/c?]



A F=1 Higgs penguins in c>u transitions: Charm decays
[ CPu(VaVul@ A9) pr

Charm decays are complementary to B and K
decays, because in the loops the relevant quarks
are down-type rather than up-type.

Short distance contribution to D> u u
decays is O(10-'8) within the SM.

Long distance contributions could be indeed much larger, but they are limited to
be below 6x10-'! from the existing limits on D> 7 7:

B’R(“"“")(DO — pt ") >~ 2.7x 107°BR(D® — ) Phys.Rev. D66 (2002) 014009
BABAR result BR(D> ¥ ¥ <2.2x10°¢ @90% C.L) Phys. Rev. D85 (2012) 091107

Charm decays complement K and B mesons decays.
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A F=1 Higgs penguins in c>u transitions: Charm decays

Experimental control of the peaking background is crucial (D=>1m).
Best existing limit before spring 2012 was from Belle, <1.4x10-7@90%C.L.

LHCb-PAPER-2013-013

LHCDb results using 0.9/fb of D*-> D <7.6x10°@95%C.L. (factor ~20 improvement)
CMS results with 0.09/fb:  cMs-PAS-BPH-11-017 <5.4x107@90%C.L.
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BABAR,rxiv:1206.5419 ,update for summer 2012 show a slight excess of candidates (8 observed,
3.9£0.6 bkg) which was interpreted as a two-sided 90% C.L. limit, [6,81]x 103, in tension
with LHCDb results.

LHCDb will study the theoretical clean region between 8x10- and 10-'!
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Observable SM Ultimate Present |] Future Future Future
class of observables) prediction th. error result (S)LHCb SuperB Other
[Vas| K — wfrr] input 0.1% (Lazt) | 0-2252 =+ 0.0009 - -
Vsl [x<103)] [B — X.fu] input 1% 409+ 1.1 - 1% exc1 0.5%ina
[Vus| [x<103|[B — =£v] input 5% (Late) 4.15 + 0.49 - 3% axcl, 2%incl
~ [B — DK input < 1° Cro )" 0.9° 1.5°
SHa ek 25 = 0.01 0.671 + 0.023 0.0035 0.0025
Sg_ﬂ“@;fn(ggo) 253, = 0.01 —0.002 = 0.087 0.008 -
SiB, - ed 28557 = 0.05 - 0.03 -
Sip_— K=o K0 28s7f = 0.05 - 0.02 -
SiB e K] 28=ff =0.05 - 0.03 0.02
SiBs K Sxoy 0 = 0.05 —0.15 %= 0.20 - 0.02
S8, e 0 = 0.05 - 0.02 -
AZ [=<107) —0.5 0.1 —58+34 0.2 -
AZ [<1077) 2.0 =x 102 < 102 —24+63 0.2 -
B(B — vv)[x<10 3 1 5% Late (1.14 = 0.23) - 1%
B(B — puv)|=<1077) 4 5% Late < 13 - 5%
B(B — Drv)|[=x<1072) 1.02 = 0.17 5% Lotz 1.02 +0.17 [under study] 2%
B(B — D*vv)|[x<1072] 1.76 = 0.18 5% Late 1.76 = 0.17 [under stady] 2%
B(B;, — ptp )|x<1077) 35 5% Late - 4.2 0.15 -
R(Bog— p ) 0.29 ~ 5% - ~ 35% -
@0(ALE sou i) [GeVE) 4.26 + 0.34 2% -
APN(B - K ptp) < 103 0.04 -
Acp(B — K *putp ) < 103 0.5% 1%
B — Kvir[x10 %) 4 10% g are = 16 - 0.7
[2/ Pl o —mixing 1 = 10 3 091 = 0.17 O(1%) 2. 7%
S0 = 0.1% — oO(1°) 1.4°
adE (= =) (%) = 0.3 0.20 + 0.22 0.015 [under study]
aZT (K K)(%) = 0.3 —0.23 = 0.17 0.010 [under study]
ag";',(xx"y,h' K~) = 0.3% [ander stady] [ander study]
B(T — py)|x<1077] 0 < 44 - 2.4
B(+ — 3u)[x<10719)] 0 < 210(90% CL) 1-80 2
~ 0.1 MEG
B(p — ey)[>x1012) 0 < 2.4(90% CL) ~ 0.01 PSI-future
~ 0.01 Project X
B(peN — eN)(T1) 0 < 4.3 x 10712 10 1% priSM
B(pN — eN)(Al) 0 - 10 % COMET, Mu2e
. . . ~ 109G NA62
B(K't — =tep)[x1011) 8.5 8% 17.3%15% |S|dOI’I, Martinez- ~ 5% ORKA
Santos (Open T e moen
B(KL — m%5)[x<10—11] 2.4 10% = 2600 P - ;f.;gf' e
B(Ky — nPcte )sp 1.4 = 1011 30% 8128 < 1011 S)’mPOSIUm ESPG) L. 109 Project X

Table S: Status and future prospects of selected B: o, D, K . and LFV observables. The SuperB column refers to

a generic super I3 factory. collecting SOab—! at the T(45).



Yields at LHCb and B-factories

Decay s LHCb = Belle Ratio
B, — J/vK | 10049  34pb~"' | 41315 711fb~* | 5.1
B, — D%pm | 1270 34pb~ ! | 2163 250fb~' | 4.3
By — K 838 35pb~! | 4000 480fb~! | 29
B, — K/ 35 35pbt 161 605fb~t | 2.6
By — K*(¢ 144 165 pb~1 230 605fb~1 | 23
By — J/iK2 | 1100 33pb~t | 12681 711fb~' | 1.9
By — K*~ 485 88 pb~! 450 78fb~1 | 1.0
Bs — J/i¢ 1414 95 pb~* 45  24fb~t | 7.9
Bs — J/{f, 111 33pb~t 63 121fb~1 | 6.5
Bs — ¢ 60 88pb~t 18 24fb~1 | 0.0
Dt — om 00k 35pb~' | 237k 955fb~t | 10
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