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LHCb detector - tracking

e Excellent Impact Parameter (IP) resolution (20 pm).

= |dentify secondary vertices from heavy flavour decays
e Proper time resolution ~ 40 fs.

= Good separation of primary and secondary vertices.

e Excellent momentum (dp/p ~ 0.4 — 0.6%) and inv. mass resolution.
= Low combinatorial background.
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LHCb detector - particle identification

AL, HCAL
ECAL Ms
SPD/PS v M

RICH2 M)
3

Cherenkov Angle (rads)

10°
Momentum (GeVi/c)

e Excellent Muon identification €,,_,,, ~ 97%, €,_,, ~ 1 — 3%
e Good K — 7 separation via RICH detectors, ex_,x ~ 95%,
Er K ™ 5%
= Reject peaking backgrounds.
e High trigger efficiencies, low momentum thresholds. Muons:
pr > 1.76GeV at LO, pr > 1.0GeV at HLT],

B — Jip X: Trigger ~ 90%.

2
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Legacy of B-factories

Before the B factories

= 1

1995

-1 05 o0 05 1
p

The CKM mechanism is confirmed

@ Kobayashi and Maskawa
" awarded haif of 2008 N.P.

Nicola Cabibbo

Marcin Chrzaszcz (Universitét Zurich)

B(eautiful) Physics

Constraints on the Unitarity Triangle

S€e hitp://www.utfit.org/

...and after the B factories

1=

0.5




CP violation in B” system from B factories

» sin2B measurement from time-dependent analysis of B mesons
LB = fep) — TB° = fep) _ fep = JJpKS = nep = —1

Al = = —nsin2B sin(AmpoAr)
TG = for) + L@ = fopy P ) JIK] = nep = +1
50 ’g‘u’ 3@( B° ‘ E 5. (a) Comined
B® 5 KL, s éﬂ_ A T
0 — i S
50 .jx:ifi —+
o (69Ks (= 1)
0 T i 3
05 °' AN 77&
05 i F -+
- [y ﬁwg\ g i (0) K = +1)
0 s
3-1 E
) . (d) Non-GP sample
? ! ’ Al(ps) e '
. sin2B=0.59+0.14+0.05 sin 2f=0.99+ 0.14 £ 0.06
¥ PhysRev.Lett. 87 2001) 091801 B2 phys.Rev.Lett. 87 (2001) 091802
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e ™

‘B=—> DMK

GLW, ADS and
DO-Dalitz methods

o J
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~v from B — DK

» Extracted from tree-level decays

» Reference measurement for SM Vile—i
ub

|
I
B, Q< ® p TmaD
a Do l_l cs ﬂK_

<

> Exploit interference between amplitudes, e.g.

/- AD"'D€6 fo=ntr  KtK~ GLW

fDK - Ktn~ ADS
\D K / KOntn GGSZ
Agrye'¥8—7) s

GLW: Gronau, London, Wyler PLB 253 (1991) 483, PLB 265 (1991) 172

ADS: Atwood, Dunietz, Soni PRL 78 (1997) 3257 GGSZ: Giri, Grossman, Soffer, Zupan PRD68 (2003) 054018
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~v from B — DK

(i LHCb, PLB 760, 117 (2016)

ADS favoured modes Lo wen |
29 470 + 230 Ef—w[K’rr‘]DK' 5.«_,[,(«7[7]’)1’(* ]
B* — (K=r1)pK* events

IEM]4 LHCb LHCb
ADS suppressed modes

B oK K Bk e
553 = 34 B+ — (=K )pK= i =
CP violation at 80 pomeet | |
LHGb LHCb

GLW modes
1,162 = 48 B* = (r'mr)pK*

3,816 + 92 B = (K*K')pK=
CP violation at 50 (combined)

B olnw ) K Bolmm K"

LHCb LHCb

BIKKK ] BSIKKTK ]

Events /(10 MeVie)  Events/ (10 MeVIc)  Euemts /( 10MeV/c ) Events /( 10 MeV/c? )
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‘Vub from Ab

» Normalise yields to Ag — Aj,ufﬁu . Voo ] pL
mediated decay, cancel many systematic :
uncertainties X

» Apply tight vertex cut, PID on proton and : Pt
muon, track isolation to reject 90% of >
background (using boosted decision tree)

» Use corrected mass to reconstruct the signal  — r ‘ T
and retain events with o(Mcor,) < 100MeV < s0f LHCb simulation 50T

c:f 70F ¥ both solutions oo 4

Meorr = A\ /pi + ]l/fgu +pL -g 60F  ©one solution o _v_":t
E S0 23

0 g 40F v. E

» Use Ay flight direction and mass to £ 0 s 1
determine g2 with two-fold ambiguity 3 fg: E
(neutrino). Require both solutions >15 GeV2, & eI el .
minimise migration to low g? bins ! ’ 1 ; [GeVZQ/Oca]
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V| from A,

» Normalise yields to Ag — Aj,ufﬁu . Voo ] pL
mediated decay, cancel many systematic :
uncertainties X

» Apply tight vertex cut, PID on proton and : Pt
muon, track isolation to reject 90% of >
background (using boosted decision tree)

» Use corrected mass to reconstruct the signal  — r ‘ T
and retain events with o(Mcor,) < 100MeV < s0f LHCb simulation 50T

c:f 70F ¥ both solutions oo 4

Meorr = A\ /pi + ]l/fgu +pL -g 60F  ©one solution o _v_":t
E S0 23

0 g 40F v. E

» Use Ay flight direction and mass to £ 0 s 1
determine g2 with two-fold ambiguity 3 fg: E
(neutrino). Require both solutions >15 GeV2, & eI el .
minimise migration to low g? bins ! ’ 1 ; [GeVZQ/Oca]
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V| from A,

» Measure:
v, b‘z _ |V5|2 B(Ag = P Tp) 2 515Gev?
B(AY — AL ,) s rgev?

world average measured LQCD (1]
(39.5+0.8) x 107 (1.00 £0.04=£0.08) x 1072 (.68 + 0.07

Rpp

Candidates / (50 MeV/c?)

[1] W. Detmold, C. Lehner, and S. Meinel, arXiv:1503.01421

4000 5000
Most precise measurement Corrected pyi~ mass [MeV/c?]

~—~ 4000 T T
[Vus| = (3.27 £0.15 £ 0.17 £ 0.06) x 1073 2 LHCb
%] W
g I Combinatorial
5 2000
» Background contributions estimated z 34255 + 571
using ad hoc control samples '% 1000F
)
» Largest exp. uncertainty from B(Af — pK¥n™)
tPOOO 4500 5000 5500

Corrected pK ~7*~ mass [MeV/c2]
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V.| Puzzle

3.50 tension between exclusive
and inclusive measurements

LHCb measurement does not
support explanation based on right

handed current added to SM

T T T [} 8
=
i PDG =
Inclusive — X 7
2%
— PDG 2014 >
i arXiv: 1501 05373 -
](%(cluslwsc . (Ria(yuxQ(:D)
iy e arXiv:1503.07839
(FNAL/MILC)
LHCb arXiv:1503.01421
( A‘L—)pp.v) (RBC/UKQCD)

Marcin Chrzaszcz (Universitét Zurich)

1 L 1 1
0.003 0.0035 0.004 0.0045 0.00¢
IV, |

T

I inclusive
B Bonlv

[ Ay—>puv (LHCb)
[757] combined
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Amg and Amy

» Flavour oscillations £
via box diagram

LHCb + B

LHCb B

r©po D ptvX]

R + of
b vi W' v,
H' VAVAVAVAN .M
05
t _ 1t
q w ) b
> 'I\/"\, AVAN
Vig o 5{3 E
Amg  mp, | Vi 2 2 S
=B | V51 (1 906 + 0.019)2 =
Amg  mp, |Via ( ) 8
3
el
MILC, PRD 93 (2016) 113016 5

Theory uncertainty from LQCD
dominates extraction of |V,/Vl

Marcin Chrzaszcz (Universitét Zurich)

5 10 #[ps]
(s NIP 15 (2013) 053021

400

200

» Tagged mixed

o Tagged unmixed
— Fit mixed
e Bit unmixed

Bleautiful) Physics
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Bs/d — K

LHCb
BDT>0.5

= Golden channel for LHCb.
= Normalized to the B — K7 and

Candidates / ( 50 MeV/c?)
J—+J—L

s o

B — KJjip. B e o
= The selection is achived by BDT R
trained on MC and calibrated on data. ~ 090" ‘ ‘
7 oosf LHCb ]
¢ = 0.7F E
Br(B’ — pup) = (3.0£0.6703)107° 2 0% ]
7.8 o significant! ot E
ol 1
o A
Br(Bg — pp) < 3.4 x1071° ‘ BFE, 2 1)
d’ : I I ILHCh

Effective lifetime

Sensitivity to non-scalar NP.
7(B% — pp) = 2.04 + 0.44 + 0.05ps
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Bs/d — K

= Golden channel for LHCb. "";( or>03
= Normalized to the B — Km and

B — Kjfip.

Candidates / ( 50 MeV/c?)

= The selection is achived by BDT i W
trained on MC and calibrated on data. PG

Br(B’ — pup) = (3.0 +0.6193)107° s ]

— T ol

7.8 o significant! <

BI(B(? — ,U,U) < 34 X 1( 7 “7"7‘71\;(!:“!“1::,‘\?;;[‘;1‘Vlm,{,rzf,'an';f) -
Effective lifetime i J{ tneem

Sensitivity to non-scalar NP. T

7(B? — pup) = 2.04 + 0.44 + 0.05ps

Decay time [ps]

B(eautiful) Physics
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Byjg— 7T

= NP sensitivity enhanced due to LHCb simulation »
the high 7 mass. ERC SN T E g
= More challenging: at least 2v % *a
are escaping. & 15
= Selecting 7 — 37, — 9.31 % 0
= Normalization channel:
5
B — D(Kn)Dy(KK). i S
= No peak in the B mass window %0 400 600 800 1000 1200
. M. [MeV/c?]
— fit the NN output.
» 0.16,
o | = LHCb simulation
= Q 0.14f 0
= 09 LHCb g Bi—>ttT
Z- 08: = 012;_*_ +
0.7 £ }
§ SR e
Q 0.08 ——
0.5 s
04E K= 0.061
03 004
3 F —+ Signal reglon
?)2]_ 002 -+ Control reglon
40: 0 0]0‘2 0.3 04 0‘5 0.6 07 0‘809 1

0.002  0.004  0.006 Neural network output

Marcin Chrzaszcz (Universit:

0.008  0.01
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Ay — prpp

=> First observation of b — d in baryon

system!

= BDT selection trained on MC
= Normalized to A, — pmjfi

= With futher QCD improvements we will

be able to to measure Vel

Br(A, —prh

5.5 o significance!

0.044 £ 0

t.s‘

Vial®

.012 £ 0.007

First observation.

©

N [ LHCb i

E 30 —— Data

@ — Signal and bkg

g 2N 4 Ay Ty |

R I W | I Combinatorial

<

g 10 Part reco n

, . ol
5500 6000 6500 7000
My / (MeV/c?)
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d

o,

o
G
S

LHCb — Data

©w
=3
S

— Signal and bkg

e}
G
S

- Ay pIy

[S]
=3
S

Combinatorial

7y
3

A,—> pKIAy

Candidates per 13 MeV/c?
(=3
(=}

w
S

TR T T T T T
T T T T T T T

=3

6000
/ (MeV/c?)

L -': L
5400 5600 5800

My

Br(Ay, — prup) =

(6.9+1.9+11777) x107®



Search for light scalars

= Hidden sector models are gathering
more and more attention.

= Inflaton model: new scalar then u u
mixes with the Higgs.
= B decays are sensitive as the B
inflaton might be light.

= Searched for long living particle x
produced in: B — x(up)K.

= Analysis performed blindly as a
peak search.

= Light inflaton essentially ruled out:

K+

;

A
A
wl

[
IS

-Q--1

/

T

SENTE

iy e -k

BR(B* K’ 1) x BR(x — u'i)
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KS — pupe

= pp collisions create enormous amount
of strange mesons.

= Can be used to search for Kg — [Lfh.
= SM prediction:

Br(K_g — pp) = (5.0 £1.5) x 107"

= Dominated by the long distance
effects.

= We used two types of triggers: TIS and
TOS.

= Bkg dominated by Kg — T

2 T T T
= - — n hypothesis LHCb Preliminary
=
> === up hypothesis
=
g
= 10°
£
=1
<
10°

| | 1';:
420 440 460 480 500 §20
Reconstructed Kg mass (MeV/c”)

Marcin Chrzaszcz (Universitat Ziirich) B(eautiful) Physics

CL

0.95 LHCb Preliminary

0.9 -

0.85 b

0.8

5 ]I() 15
B(K{—pp) x10°

= No significant enhanced

of signal has been observed
and UL was set:

Br(KSO — ) <

6.9(5.8) x 10" at 95(90)%
L




B” — Ky " decay

0 _ + . . a T . LHde’a!a o ATLASIdaa
= B" — K'u~ p” is a smoking gun for o -l
NP hunting! H’ =
= Reach angular observables makes
is sensitive to different NP models
= In addition one can construct less :

form factor dependent observables:

l
5 15
q? [Gev?/cd]
+ J
| oy
==
—ﬁ LHCb
preliminary
[ EY

Ss

Pl=—=___
* T V(- Fy) ]

= In single analysis observed 3.4 o

-0.5

discrepancy in the Cy WC. s - s
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Branching fraction measurements of B — QL

:E 95— T T g sF ‘ Tz .
G i
°§ 65— =y 12 .. - o :_-_ . .
g 4F 2 g =
S+ I B o
X F—— =§Mpred. T s :
2 2 TiE e TR TR
01; 1 z— Y (wide)—z b .g.-_'_ _'_E ~ L “LHCb
E 0= 1 | 1 3 0--f - : - T . -
~ ’ v qlz5 [GeV¥ed] * nf(}‘@K*wp*)S[EeV/cq

Recent LHCb measurement, JHEPQ9 (2015) 179.
Suppressed by %

Cleaner because of narrow ¢ resonance.
3.3 o deviation in SM in the 1 — 6GeV? bin.

Angular part in agreement with SM (S5 is not accessible).
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https://cds.cern.ch/record/2029820/files/JHEP09-179.pdf

Theory implications of b — sl¢

e A fit prepared by S. Descotes-Genon, L. Hofer, J. Matias,
J. Virto.
e The data can be explained by modifying the Cy Wilson coefficient.

e Overall there is > 4 o discrepancy wrt. the SM prediction.

3

8r , 3N
2; - 2p
E e IATLAS] JATLAY
10 = 1 Belle ] 10 | Belle
! ~ A cMs CcMS
I ' 1 LHCb I:I ux(lfb
= | y O Al 3 I )
g A S 0
L e =2 ‘ -1
-2 -2+ ‘\‘
-3L ; | -3 . X ,
-3 -2 -1 0 2 3 -3 -2 -1 0 2 3
NP NP
Coy Coy
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Summary

= LHCb is the new B-factory.
= A lot of consistent anomalies have been observed!
= Until Belle2 starts to produce results LHCb will dominate the heavy

flavour physics.

Marcin Chrzaszcz (Universitét Zurich) B(eautiful) Physics




Theory implications of b — sl¢

e A fit prepared by S. Descotes-Genon, L. Hofer, J. Matias,
J. Virto.
e The data can be explained by modifying the Cy Wilson coefficient.

e Overall there is > 4 o discrepancy wrt. the SM prediction.

3

8r , 3N
2; - 2p
E e IATLAS] JATLAY
10 = 1 Belle ] 10 | Belle
! ~ A cMs CcMS
I ' 1 LHCb I:I ux(lfb
= | y O Al 3 I )
g A S 0
L e =2 ‘ -1
-2 -2+ ‘\‘
-3L ; | -3 . X ,
-3 -2 -1 0 2 3 -3 -2 -1 0 2 3
NP NP
Coy Coy
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Reminder

e Operator Product Expansion and Effective Field Theory

i=1,2
i=3-6,8
i=7

e?

178 7%8
V2

Ci(1)Oi () + Ci(p)Oi () |

left-handed

Hepp = —

right-handed

Tree

Gluon penguin
Photon penguin
EW penguin
Scalar penguin

Pseudoscalar penguin

where C; are the Wilson coefficients and O; are the corresponding

effective operators.

Marcin Chrzaszcz (Universitét Zurich) B(eautiful) Physics
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Analysis of Rare decays

Analysis of FCNC in a model-independent approach, effective Hamiltonian:
10
b— sv(") : Hap—1 o< »_ ViV lO ...
i=1

e 0, = ﬁmb (EUWPRb)Fm,

2 —
® Oy = 1687(5’Y;LPL1’) (f’yué)

2 —
® O = éT(EV;LPLb) (E'Y;/Yse)r

® SM Wilson coefficients up to NNLO + e.m. corrections at j,..; = 4.8 GeV [Misiak et
al.]:
M =029, csM =41, = -43

SM NP

o NP changes short distance C; — C; and induce new operators, like

/
079,10 = O7,9.10 (Pr, ++ Pg) ... also scalars, pseudoescalar, tensor operators...
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B — K'u~ " kinematics

= The kinematics of B’ — K*1~ et decay is described by three angles
6,, ;.. ¢ and invariant mass of the dimuon system (q2).

= cos 0} the angle between the

direction of the kaon in the K* (K)
rest frame and the direction of the

K* (F) in the B° (BO) rest frame. (@) B and 6, definitions for the 5 decay
= cos 0;: the angle between the

direction of the p~ (1) in the @ -
dimuon rest frame and the s
direction of the dimuon in the B° o e

(BO) rest frame.

= ¢: the angle between the plane
containing the x~ and 1 and the
plane containing the kaon and pion

ot
(¢) ¢ definition for the BY decay
from the K*.
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B — K'u~ " kinematics

= The kinematics of B® — K pt decay is described by three angles
0,, 0., ¢ and invariant mass of the dimuon system (q2).

4

dr 9 .2 2 .2 2
—_—————— = — | Jygsin” O + Jy,cos” Op + (Jg,sin” O + Jy, cos” 0 ) cos 26,
dq” dcos 0y dcos ;) do 32w

+J3 sin2 0 s,in2 0; cos 2¢ + J sin 20 g sin 20, cos ¢ + J5 sin 20 - sin 6; cos ¢

+(Jgs sin O + Jge cos> 05 ) cos ) + Jp sin 20 g sin ) sin ¢ + Jg sin 26 ¢ sin 26; sin ¢

+Jg sin> 0 sin” 0, sin 24 ,

= This is the most general expression of this kind of decay.
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Transversity amplitudes

= One can link the angular observables to transversity amplitudes

2+8)) am}
L 2 L2 R 2 R 2 L ,R* L  R*
N o= P [AL P 1A P AT 1A ]+ SEre (af AT+ af Al
q
4'm,2
L2 R 2 ’ 2 L  R* 2 2
Je = A8 +1a? + 2 [\At| + 2Re(AL Al >]+ﬁl lAg|?,
q
ﬁ2
L 2 L2 R 2 R 2 2 L2 R 2
Jas = Ie[lAJ_‘ HIATT H 1AL + 1A ], Jae = =B [\Ao| + 149 | ]7
1 2 L 2 L 2 R 2 R 2 1 2 L ,L* R ,R*
Js = She [\AJ_\ — AT+ 1AL =14y }v Jy = —0 [RG(AOAH + A0 4 )];
2 V2
L, L R,R m L R
Js = V2B, [Re(agal” — agal") - ZL Re(afAf + A As)]
2
Ve
L L* R R* m L R*
Jos = 2B [RQ(AH AL —AyAL )]1 Joe = 4B [2 Re(Ag A5 + 4 Ag),
Ve
L,L* ,R,R* m L R*
Jr = V28, [Im(AGA[ T - AGART) + T Al A - AT Ag))]
2
q
1 2 L,L* R, R* 2 L* L R* R
Jg = \/—532 [Im(AOAi +AgAL )] , Jg =By [Im(AH Al + A AA):I )
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as:

L,R N £f £f 21 £f £f

AL = V2Nmg(1-3) [(CS +C5 ) F (Crp +Cro) + Tb(C$ +c3 ,):| EL(Epx)
L,R N £f £f 2m £f £f

A = —V2Nmg( -9 [(cg — €Y F (Cro — Cho) + Tb(ci —cs ’)} €1 (B, )
L.,R Nmp(l—3)° £f £f £f £f

s - ’ ’ N ’
Ag = ——I (5" —Cg ) F (Crp — Clo) + 2wy (C; — ) § (B px)s
QmK*\/g

where § = q2/m23, m; =m;/mp. The §| | are the form factors.

= In practice one measures normalized .J by branching fractions:

R
dl’ 4 dT/dq?

Si/A;
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as:

L,R N £f £F 21 £f £f

Al = V2Nmg(l - 3) [(cg +c5 ’)x(c10+c’10)+—§b(c$ +cs ,):|5L(EK*)
L,R . £f £f 21 £f £f

APt = —VaNmp( -9 [«:; — ") F (€10 — Clo) + 2 (e7" — 3 ’)} €L (B %)
L.,R Nmp(l—3)° £f £f £f £f
B — ’ ’ N ’

AP = B (5" — €5 ) F (Cro — Crp) + 2wy (€7 =€) | (B ),

2mK*\/§

where § = q2/m23, m; =m;/mp. The §| | are the form factors.

= Now we can construct observables that cancel the £ form factors at

leading order: -
Js + J5

24/~ (J5 + J5)(J5 + J3)

Marcin Chrzaszcz (Universitét Zurich) B(eautiful) Physics



LHCb measurement of
BY — Ky
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Multivariate simulation

PID, kinematics and isolation variables
used in a Boosted Decision Tree (BDT)
to discriminate signal and background.

® BDT with k-Folding technique.

R [Gevici]

® Completely data driven.

MVA_baseline_S
o 2011 + 2012 data
3fb " dataset (mixed and randomised)

2t
data split into

o
a %
- £ r 300pb~" subsets
1.5 +*ﬁ%§ E4 N
¥ 3 I
. % B
4 S : ® @
1 %
¥ % £ :
'é * ’ N rain st using
+ - = ‘ subs‘;t: e
N @ @

1 for training 3 for testing

L] b
\‘\% W.W
/‘W“.
;,.un t

1 Il Il 1 Il 1 L
0.8 -06-04-02 0 02 04 06 08
BDTs responses
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Multivariate simulation, efficiency

= BDT was also checked in order not to bias our angular distribution:

Efficiency Efficiency

Efficiency Efficiency
1 1
ossf- 098
096 098~
ossf 0osf

I .
08 06 04 02 0 02 04 05 08 05 1
cos(9) €05(0,)

= The BDT has small impact on our angular observables. We will correct for these
effects later on.
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Detector acceptance

Detector distorts our angular distribution.
We need to model this effect.

4D function is used:

C(COS 017 COs ek, ¢7 q2) =
> Pulcos 0,) Py (cos 0) P (@) Pi(°),

ijkl
where P, is the Legendre polynomial of order 3.

th nth th
67,5

We use up to 4", 5 order for the

cos 0y, cos by, ¢, q2.
The coefficients were determined using Method
of Moments, with a huge simulation sample.
The simulation was done assuming a flat phase
space and reweighing the ¢ distribution to
make is flat.

To make this work the q2 distribution needs to
be reweighted to be flat.

B(eautiful) Physics

25000|

20000

15000

E
. L

18000,

16000] -

14000/

12000

10000f-

8000f

6000)

2000

Reweighted to be

v flatin ¢

g:{jiﬂi‘.j‘%ﬁf

iy

x10°
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Detector acceptance

Detector distorts our angular distribution.
We need to model this effect.

4D function is used:

C(COS 017 COs ek, ¢7 q2) =
> Pulcos 0,) Py (cos 0) P (@) Pi(°),

ijkl

where P, is the Legendre polynomial of order 3.

th nth th
67,5

We use up to 4", 5 order for the

cos 0y, cos by, ¢, q2.
The coefficients were determined using Method
of Moments, with a huge simulation sample.

The simulation was done assuming a flat phase
space and reweighing the ¢ distribution to
make is flat.

To make this work the q2 distribution needs to
be reweighted to be flat.
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Efficiency

Efficiency
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Control channel

® We tested our unfolding procedure on B — J/)K".

® The result is in perfect agreement with other experiments and our different
analysis of this decay.

L f LHCh ' Leoond T
B ol B~ JpK® ] 3 )
= T 1= 1
o™ E 4 4
vt 1 %40000 4
g 10 ] 1
g 12 ]
kel 1 "S20000 B
3w 3 ]
5200 500 5 %8 085 09 095
m(K*rr ) [MeV/c?] mK*77) [GeV/c?]
! b " LHCb | j " LHCb
Bk so000f- Pk Bk

4000 7 6000|

Candidates / 0.02
Candidates / 0.02

4000|
2000 =

Candidates / 0.02 7 rad

2000|
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Results

w LHCb 1 a ot LHCb 1
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Results
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Results

= Method of Moments allowed us to measure for the first time a new observable:

MJU.FJF |

0.5
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N 1|5 N
o? [GeVF A

1
I
0"_
=L
o
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Compatibility with SM

= Use EOS software package AR(Cy) = R(Cy)™ — R(Cy)*™ = —1.03
to test compatibility with SM.
= Perform the X2 fit to the

measured: N A B e L B &
21< [ ]
s ]
15+ ] .
Fu, Apg, Ss...9. N ]
= Float a vector coupling:
5% —
R(Co). . A LHCb ]
= Best fit is found to be 3.4 o ]
L~ B et R P R

away from the SM. 0 —— 35 4 A5
Re(Cy)
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Branching fraction measurements of B — K 1

WmLCSR Lattice —-Data W= LCSR Lattice -e-Data
T T T T T T

E B> Koty z 3 B> Kt
Q. LHCb ] Q. LHCb ]
< <
X 3 e X 3 4
24+t - 2 -
;?‘ 1 + E E"‘ 1 3
9 L L L L Q I I I
= 0 5 10 15 20 = 0 5 10 15 20
¢ [GeVYct] P [GeVYc4]
20— MLCSR Lattice --Data
B*— K™ utu-
15 LHCb

e Despite large theoretical
errors the results are
consistently smaller than
SM prediction.

10, + N ]

sE ]

dB/dg? [10% X ¢¥/GeV?]

lI5 2‘0
¢ [GeV¥ci]
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Branching fraction measurements of B — QL

LHCb

i

Vs, |+

S = D WA LN 0O

dB(BY—guu)/dg? [10°3GeV2c4]

E __+__ I = SMpred. 3

= 7 SM (wide) 3

E- < SMLQCD 3

E -=Data 3

— - Data (wide)J

E 1 1 1 3
5 10 15

¢ [GeVcH

Recent LHCb measurement [JHEPPQ9 (2015) 179].
Suppressed by ;—2.

Cleaner because of narrow ¢ resonance.
3.3 o deviation in SM in the 1 — 6GeV? bin.
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Branching fraction measurements of X, — Ky u

1.8 T T T T T T T T
1.6
1.4
12
1
0.8

SM prediction

*~ Data

1 R LHCb
1I5 2|0
g [GeV?¥ 4]

dB(A, — A p )/ dg? [107(GeV ety

o o 29
S SER-N

cobon o b b b b b b

=] IIII
w
—_
(=}

e This years LHCb measurement [JHEP 06 (2015) 115]].

¢ |n total ~ 300 candidates in data set.

e Decay not present in the low q2.
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Branching fraction measurements of X, — Ky u

"LHCb
[4.0,6.0] GeV*/¢*

LHCb
[18.0,20.0] GeV¥/c*

Candidtates per 30 MeV/c?
>
Candidtates per 30 MeV/c?
IS
5

5400 5600 5800 6000 5400 5600 5800 6000
M(App) [MeV/c?] M(App) [MeV/c?]

e This years LHCb measurement [JHEP 06 (2015) 115]].
¢ |n total ~ 300 candidates in data set.

o Decay not present in the low ¢°.
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S

Lepton universality test

S e s (ABIB* — K¥u*u™)/dg?)de?

Ry = ~LoLGVE /et —1+0(107%).
T SN BB > Krerer]/dg?)da? e UL Saansanansaness
LHCb

. . L5 -

¢ Challenging analysis due to bremsstrahlung. |
. . 1

e Migration of events modeled by MC. } ! M
e Correct for bremsstrahlung. “t E

o Take double ratio with B" — Ji/Kt to cancel % 5 10 is
systematics.

¢ In 3fb™!, LHCb measures e Phvs. Rev. L
ys. Rev. Lett. 113, 151601
Ry = 0.74510:074 (stat.) 10034 (syst.) (2014)

20
¢* [GeV*/c4

e Consistent with SM at 2.60.
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http://arxiv.org/abs/1406.6482
http://arxiv.org/abs/1406.6482

Grab it While it's Hot!

= Yesterday(18.04) we shown a new preliminary result: CERN Seminar
= We measured the ratio:

B(B — K'up)
B(B — K'ee)

R =
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https://indico.cern.ch/event/580620/

Grab it While it's Hot!

= Yesterday(18.04) we shown a new preliminary result: CERN Seminar
= We measured the ratio:

Ry B(B — K*uu)
K~ B(B— K'ee)

= Measurement performed
in two q2 bins. 19

e
= Normalized in double L Lok ]
. g L0 -* ]
ratio to B — K*Jj1). [T ]
T I 08F T ]
é < J/v(s) L I i
T E 0.6 - e b
) UKD r ® LHCH ]
ar, 041 B SM from CDHMV ]
bl m @ L A SM from EOS ]
T C;,)CS(JI) Cy’ and Cg 0.2 n L ¥ SM from flav.io
e [ LHOD Preliminary & sugomdc
above open charm 0 0 (YIS N T [N T T S Y T T T T T T T S N S Y |

ety
| A 1 2 3 4 5 6
¢ [GeV?/c]

4 [m(p)]?
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https://indico.cern.ch/event/580620/

There is more!

e There is one other LUV decay recently measured by LHCb.
N B(B— D*rv)
R(D") = =
* R(D) B(B — D*pv)
e Clean SM prediction: R(D") = 0.252(3), PRD 85 094025 (2012)

LHCb result: R(D*) = 0.336 & 0.027 & 0.030, HFAG average:

R(D*) = 0.322 4 0.022

R(D¥)

0.35°

0.25F

03

Marcin Chrzaszcz (Universitét Zurich)

3.9 o discrepancy wrt. SM prediction

—T T T T T T T T
= BaBar, PRL109,101802(2012)

—————,
— Belle, PRD92,072014(2015) A=10 7

035

E LHCb, PRL115,111803(2015)

E —— Belle, arXiv:1603.06711

[ — HFAG Average, P(?) = 67%

[ — SM prediction -
P T—— 3

n HFAG m

[ R(D), PRD92,054510(2015) - E

E R(D¥), PRD85,094025(2012) [ me=se ] 3

1 1 1 |

03 0.4 0.5
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Global fit to b — s/
measurements
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Theory implications

e The data can be explained by modifying the Cy Wilson coefficient.

e Overall there is around 4.5 ¢ discrepancy wrt. SM.

3 3[
Branching Ratios Branching Ratios
ol "} Angular Observables (P) 1| ol {77} Angular Observables (P) |
Al 1 Al
1p 1 e
A
)
ac )
/
/ 1k ]
-2 -2
-3 -3
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
o e
9 9
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Grab it While it’s Hotter!

= Today(19.04) there was already first paper with the
phenomenological work about this measurement: arxiv::1704.05340 |.
Matias, et. al.

All LFUV
1D Hyp Best fit lo 20 Pullsy | p-value || Best fit lo 20 Pullgy | p-value
cyr -1.10 |[-1.27,-0.92]|[-1.43,-0.74]| 5.7 72 || -1.76 |[—2.36,—1.23]|[-3.04,-0.76]| 3.9 69
COY = —CN. || -0.61 |[—0.73,-0.48] |[-0.87,-0.36]| 5.2 61 | -0.66 |[—0.84,—0.48]|[—1.04,—0.32]| 4.1 78
CSF = —C, || -1.01 |[~1.18,—0.84]|[-1.33,—0.65] 5.4 66 || -1.64 |[-2.12,—1.05]|[-2.52, —0.49]| 3.2 31
Cor ==3C5 || -1.06 | [-1.23,-0.89] | [1.39,-0.71] | 5.8 74 -1.35 |[~1.82,—-0.95]|[—2.38,—-0.59]| 4.0 71
3F
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https://arxiv.org/pdf/1704.05340.pdf

