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LHCb DETECTOR

Forward detector: many b hadrons produced forward
1+ 21) pb in acceptance at 13TeV [pre 118 (2017) 052002]

at LHC, (144 +

o Warm dipole magnet. Polarity can be reversed
v/ Good momentum and position resolution
o Vertex detector gets 8mm to the beam
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http://arxiv.org/abs/1612.05140

LHCb DETECTOR

Forward detector: many b hadrons produced forward at LHC, (144 +
1+ 21) pb in acceptance at 13TeV [pru 118 (2017) 052002]

o Warm dipole magnet. Polarity can be reversed
v Good momentum and position resolution, high efficiency

v/ Excellent Particle ID
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[Lumi Plots]

INTEGRATED LUMINOSITY

LHCDb Integrated Recorded Luminosity in pp, 2010-2018
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Integrated luminosity counters in 2018 [1/pb]
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[Lumi Plots]

INTEGRATED LUMINOSITY

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

. 2018 (6.5 TeV): 2.14 /fb
° 2017 (6.5+2.51 TeV): 1.71 /fb + 0.10 /fb
° 2016 (6.5 TeV): 1.67 /fb

2015 (6.5 TeV): 0.33 /fb
. 2012 (4.0 TeV): 2.08 /fb
. 2011 (3.5 TeV): 1.11 /fb
2010 (3.5 TeV): 0.04 /fb

Integrated Recorded Luminosity (1/fb)
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LHCb TRIGGER IN RUN 2

Versatile two stage trigger
o Hardware-based LO trigger: moderate pr cuts =% 1 MHz
=» Whole data sent to trigger farm
o Calibrate in real-time =» 12 kHz output (some reduced size)

LHCb 2015 Trigger Diagram

40 MHz bunch crossing rate

kit RICH2 &

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

450 kHz 400 kHz 150 kHz
ht

H/up A e/y

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Buffer events k, perform online
detector cali n and alignment
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[LHCb, LHCb-CONF-2016-005]

DIMUON MASS DISTRIBUTION
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

Tl T T T T L T
é 30 LHCb —- Bg - W 3
S F BDT >05 SRR ATy 3
0 o5F Combinatorial -
< F B . hh ]
-% 205 T BZS(L)H ﬂ_(tf)_)u*t’p _E
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& T N = Y, .

10:—' B - Jyp'v, 3

E T

N . = el
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Mass plot shows candidates with BDT> 0.5.
The significances are 7.8 for BY — u*pu~ and 1.60 for B — ptpu~.
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http://arxiv.org/abs/1703.05747

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

0.9X10°

0.8 LHCb
0.7
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No anomaly!

BF(B® - py)

x107°

o

ptpm)=(3.04+0.6"53) x 107 and
+92) x 10710 are consistent with the SM.

The results B(B? —
2
0

0 +,—-) — + 1.

B(B”— p ™) = (15"
[Bobeth et al., PRL 112 101801 (2014)]

Patrick Koppenburg Anomalies at LHCb 22/10/2018 — Implications of flavour anomalies [10 / 38]



http://arxiv.org/abs/1703.05747
http://arxiv.org/abs/1311.0903

Flavour

anomalies

'y — i ""'iu&l"\

e

! Patrick Koppenburg Anomalies at LHCb 22/10/2018 — Implications of flavour anomalies [11 / 38]



Flavour
anomalies

! Patrick Koppenburg Anomalies at LHCb 22/10/2018 — Implications of flavour anomalies [11 / 38]



See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— sy
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http://arxiv.org/abs/1606.00999

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm
=» Decay the 7 into 2 leptons
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http://arxiv.org/abs/1606.00999

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm

=» Decay the 7 into 2 leptons
o Add an interfering box diagram
=> b— s{T¢~, very rare in the SM
B(B— K*¢*¢~) = (1.840.2)-107°

[Huber et al., Nucl.Phys.B802:40-62,2008]
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http://arxiv.org/abs/1606.00999
0712.3009

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm B
=» Decay the 7 into 2 leptons
o Add an interfering box diagram

=> b— sfT¢, very rare in the SM

@ Sensitive to Supersymmetry, Any
2HDM, Fourth generation, Extra
dimensions, Leptoquarks, Axions ... & ——---*-- s

PR
I
, ;<
Chargino loop i
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v/ Ideal place to look for new physics

Gluino loop



http://arxiv.org/abs/1606.00999

See e.g. [PK, Scholarpedia, arXiv:1606.00999]

o Start with b— s, pay a factor agm l
=» Decay the 7 into 2 leptons
o Add an interfering box diagram
=> b— sfT¢~, very rare in the SM
X But beware of long-distance effects: OO s 1)
o Tree b— ccs, (cc)— ¢ interference e
v/ Can be removed by mass cuts Pl e
X ¢ Interferes elsewhere

threshold

4[mi{)? A

(c) Jaeger
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Flavour
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MODEL-INDEPENDENT b— s¢t/~

q}axdsdr(B% X/ﬁ/f)

d
o _ 4 ’ sm [ 1.000+0.001 X = K
X GPrax dr(B—> Xe+e—) ~ ] 0.9914+0.002 X = K*
[ ds =
4m?

[Hiller & Kriiger, PRD69 (2004) 074020]

Lepton universality is an accidental symmetry
of the gauge Lagrangian

J

May be violated at some level.
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http://arxiv.org/abs/hep-ph/0310219

[LHCb, Phys. Rev. Lett. 113 (2014) 151601, arXiv:1406.6482] (LHCb's 200th)

LEPTON UNIVERSALITY WITH BT — K¢/~

@ Measure ratio Rk of

B Bt — Ktutu™ to
g Bt — KteTe  in
S 1< qg?<6 Gev?
g v Signal clearly visible in Kt p~
S o See
S o 254729 B+, Ktete~ and
+ +
5000 5200 m(%ge)wsgﬁcz] e 1226 +£41 BT — Ktutyu
o . . @ Build a double ratio Rx =
330 LHCb - (N Kﬂﬁu‘) (NJ/w(e+e)K+ )
=
3200 (b)) 4 NK+e+e— NJ/¢'(M+N_)K+
= =0.745 73392 + 0.036
100 ]
§ v 2.60 from unity
3
%200 5400

. . 5600
MK u*w) [Mev/cg
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http://arxiv.org/abs/1406.6482

[LHCb, JHEP 08 (2017) 055, arXiv:1705.05802]

LEPTON UNIVERSALITY IN B — K*0¢t¢—

Measure ratio Ry« of BY— K*9utu~ to

LG o ] BY— Kete in 0.045 < ¢ < 11 and
® B Combinatorial 1.1< g2 <6 GeV?
15 B Xe'e

v Signal clearly visible in K*0pt i~

0.045<¢<1.1 [GeV?/c] @ Yields entering the double ratio:

Pulls Candidates per 34 MeV/c2
5

5
_______ B — K*Ogt(~ BO—s Jjpy K*O
S’E low- g7 | central- g%
s =0 =% = ptp~ [285£18 | 353421 | 274416 507
— 1T 14
mK* rere) IMev/cd] ete 891y | 11173 | 43468222
S % LHCb 3
S oFE 4 B'-K%e 7
3 5 I Combinatorial
g_ 20 B_Xe'e =
8 15 KUy 3
2 5 Licg<o[Gevic] | &= T o e
= E zZ e B K : 80K
8 5 E S o . Combinztorial = . Combinztorial
© E 2 % EI
w 5 e 3 g w . g5 .
= OE W g i 0.045<g<1.1 [Gev /'] S 1.1<62<6.0[Gev?/ct]
« 500 5000 5500 000 S 16u i
E s Cl =
mK*rete) Mevic] & s o [ | St

5600 5800
(K Tt ) [Mevie]
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http://arxiv.org/abs/1705.05802

[LHCb, JHEP 08 (2017) 055, arXiv:1705.05802]

LEPTON UNIVERSALITY IN B — K*0¢t¢—

Ry

15F T ]

1oF
Bl ® LHCH ]

0.0 L L L
0

@® LHCH
BIP
CDHMV 7]
EOS

H[BABAR, arXiv:1204.3933]  [Belle, arXiv:0904.0770]

M BaBar

[ LHCD P

5 10 20

15
¢ [GeV?/c!)

Measure ratio Ry« of BY— K*9utu~ to
BY— K*ete™ in 0.045 < ¢*> < 1.1 and
1.1 < q? <6 Gev?

v Signal clearly visible in K*0pt

@ Yields entering the double ratio:

B®— K*Ot(~ BY— Jjp K*O

low- g7 | central- g%
ptp~ [285+£18 | 35321 | 274416 ¥ 5%
ete” | 89TI | 111775 | 43468 222

Build a double ratio Rk =
Ny (e e=yk0

()

Nioere= ) \ Ny (uru-)k0

0.66 7531 +0.03 0.045 < ¢ < 1.1
0697532 +005 1.1<q?<6.0

This about 2 to 2.50 from the SM, depending

on predictions. [sip, EPJc 76 440] [CDHMV, JHEP04(2017)016]

[EOS, PRD 95 035029] [flav.io, EPJC 77 377] [JC, PRD93 014028]
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http://arxiv.org/abs/0904.0770
http://arxiv.org/abs/1605.07633
http://arxiv.org/abs/1701.08672
http://arxiv.org/abs/1610.08761
http://arxiv.org/abs/1703.09189
http://arxiv.org/abs/1412.3183

BFSs TOO LOW IN b— su™p~

0152100

dB/dq? [c4Gev?]

0 5 10 15
QR [Gevicd

BY K*O,u+u_
[JHEP 11 (2016) 047]

AB(B!—gup)ldg? [10°GeV 2]

DECAYS?

9 T T I ey a1 T T T T
LH % .E
: 0 3 E o
o $oua R
g 12F
. N . R I
3 { =3 08
2 Zos +
! T 04 E
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¢ [GeViet]  ° L1 . . .
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0 —
[JHEP 09 (2015) 179)] A)— ApTp

[JHEP 06 (2015) 115]

= CSR  Latice -+-Daia == CSR - Lattice -+-Daa mEICSR  Lattice +-Data
< . s PSS : aananasanser BF I 2 atice » Ddta
> Bokuwy i 3 B0 KOy 3 B Koy
Q. LHCb 9., LHCb § 9 . LHCb §
k) k%) A2
x 3 X 3 4 x 3 E
@ oot @ P
D e wm i ]
g ER + 1%, + ]
a | , , X3 @ | , , , a | | , ,
T % 5 10 15 20 ° % 5 10 15 20 T % 5 10 15 20
P [Gevicy e [GeVv3ic] R [Gevicd
Bt — K+,u+,u_ B0 K0H+N_ Bt — K*+M+M_

[JHEP 06 (2014) 133]

Patrick Koppenburg

Anomalies at LHCb

[JHEP 06 (2014) 133]

[JHEP 06 (2014) 133]
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http://arxiv.org/abs/1606.04731
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http://arxiv.org/abs/1503.07138
http://arxiv.org/abs/1403.8044
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[PRL 115 152002 (2015), arXiv:1509.06235v2] [PRD 93 025026 (2016), arXiv:1507.01618]

B— h{T/~ FORM FACTORS FROM MILC

N &80T ‘ : : .

L8 ‘ Form factors + CKM + Others ===
— = .
Lo Ci'-)‘ 0.6 Form factors only _
E 14 = LICb14 (B") —s—
Lo S o5l LHCb14 (BY) —— |
= 1 ?T“' Babarl2 ————
S 04 CDF11 —s— |
i o = Belle(9 ———
I —~ =
S 04 = 0.3 1 o ; 1

! =< =

' ] = 02| = ]

0.6 /_\ T 01k ——

04 /—\ 3 I p@s) e sl

02 va Jl \ % 0 L L ! | L

0 e 0 5 19 15 20 25

e 2(GeV)

Bt — 7007 pnep 10 ois) 03a) and B— KO0~ prep o6 (2014) 133) are all be-
low the lattice computations.
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http://arxiv.org/abs/1509.06235v2
http://arxiv.org/abs/1507.01618
http://arxiv.org/abs/1509.00414
http://arxiv.org/abs/1403.8044

[LHCb, Eur. Phys. J. C77 (2017) 161, arXiv:1612.06764]

PHASES IN BT — KT~

Use a large sample of (~ 1M)

&
Bt — Ktutp~ decays including 3 LHCh
2 I
B+—> J/w l‘(+ and B+% ¢(2S)K+ @, S :pge:.:ialicbackgrounds
to deterimine the interfrence of SD "
— . g @ Combinatorial background
Bt — K*u™p~ and dimuons from s 4 vaa
resonances. ©
e The g? distribution is used. 0 o) .
The efficiency is determined M, [Mev/e?]
from simulation. = ' ' ' '
£ 1 o
o Included resonances: p(770), £ smuation
w(782), $(1020), J/b, ¥(2S), £

¥ (3770), ¢ (4040), 1(4160)
[PRL 111 (2013) 112003], Y (4415)

1 1 1 1
1000 2000 3000 4000
m,,, [MeV/c?]
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http://arxiv.org/abs/1612.06764
http://arxiv.org/abs/1307.7595

[LHCb, Eur. Phys. J. C77 (2017) 161, arXiv:1612.06764]

PHASES IN BT — KT~

Four fits match the data, g=
. . S 2501 E|
all with a J/i) —short-distance 2 ]
phase difference consistent & A
. 4
with £7 gfﬂ o
._a [N N
=» the interference with 8 R )
the short-distance M MENEd el
o(Jh) = —1.66 + 0.05 o(Jfih) = +1.47 £ 0.05
component far from the  «(w(2s)) = 1.3+ 0.20 @(#(25)) = —2.21 +0.11
pole masses is small = 1 ]
3
= %9 E E
ﬁlSO | |
100 Y iy AN
L. N ;
k<l bt i
5 0
The BF is measured over the © = = =® 2@ &8, = 20 2 &ia
whole ¢? range: @(J) = —1.50 £ 0.05 @(J) = +1.63 £ 0.05
o((2S)) = +2.08 £ 0.11 o((25)) = +1.80 £ 0.10

B(BY— Ktutpu~)=(437+0.15+0.23) x 10~/
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http://arxiv.org/abs/1612.06764

[LHCb, Eur. Phys. J. C77 (2017) 161, arXiv:1612.06764]

PHASES IN BT — KT~

The Wilson coefficients

’-§, 0_ Co and (g are also fit-
% | ted for, leading to a de-
X viation from the SM ex-
2_ pectation at 30
-4+
N S E S R
0 2 4

Patrick Koppenburg Anomalies at LHCb 22/10/2018 — Implications of flavour anomalies [20 / 38]
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BFs el ; !
L
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versality
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B— K*/*¢/~ ANGULAR DISTRIBUTIONS

A lot of information in the full 8,, 0k and ¢ distributions

1 d4|- 9 [3 , .
r 2 =—|=(1— Fp)sin“ Ok + Fy, cos” 6
ldcosfdcosfx dpdg? 32w 4( L) KT L K

1
+ Z(l - F) sin? O cos 20, — Fy, cos? O cos 26,

+ S3sin? Ok sin® 6, cos 2¢
+ Sy sin 20k sin 26, cos ¢
+ Sg sin 20 sin 6y cos ¢

@ % + S sin? Ok cos By + Sy sin 20k sin O sin ¢
4+ Sgsin 20k sin 26, sin ¢

(b) ¢ definition for the BY decay
+ Sy sin? Ok sin® O sin 2¢

(a) O and @ definitions for the B” decay

=»> Many observables depending on

(c) ¢ definition for the BY decay
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B— K*/*¢/~ ANGULAR DISTRIBUTIONS

A lot of information in the full 8,, 0k and ¢ distributions

1 d4|- 9 [3 , .
r 2 =—|-(1— F)sin“ Ok + Fy, cos” 6
ldcosfdcosfx dpdg? 32w 4( L) KT L K

0.2

1
+ Z(l - F) sin? O cos 20y — Fy, cos? O cos 26,
SM

0.1 + S sin? O sin? 0 cos 2¢
- GMSSMun + S4 sin 20 sin 20, cos ¢

S N \ + Ss sin 20 sin 0 cos ¢
+ Se sin Ok cos O + S7sin 20 sin 6 sin ¢

=02 GMSSMyy
+ Sg sin 20 sin 20 sin ¢

-0.3

¢ (GeV?) + Sgsin? Ok sin® O sin 2¢

[Altmannshofer et al., JHEP 0901:019,2009] > Forward_baCkward asymmetry

[Kriiger & Matias, Phys.Rev.D71:094009]
[Egede et al., JHEP 0811:032,2008] [Ali et
Johys.Rev.D61:074024]

Se = 3ArB
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http://arxiv.org/abs/0811.1214
http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/hep-ph/9910221
http://arxiv.org/abs/hep-ph/9910221

B— K*/*¢/~ ANGULAR DISTRIBUTIONS

A lot of information in the full 8,, 0k and ¢ distributions
1 dr 9 [3

chos@dcosGKd(ﬁdq2 T 327 |4

(1- FIA)sin2 Ok + F1, cos? Ok

1
+ Z(l — F],)sin2 Ok cos 20, — F| cos? Ok cos 20,

|@l [rad]

+ S3sin? Ok sin® 6, cos 2¢

+ Sy sin 20k sin 26, cos ¢

+ Ss sin 20 sin 6, cos ¢

: a + Sg sin O cos By 4+ Sy sin 20 sin By sin ¢
cos Ox 4 Sgsin 20k sin 20, sin ¢

Definition of Ss

+ Sgsin? Ok sin? Oy sin 2¢

[Altmannshofer et al., JHEP 0901:019,2009] -> Pg = S5
[Kriiger & Matias, Phys.Rev.D71:094009]
[Egede et al., JHEP 0811:032,2008] [Ali et
Johys.Rev.D61:074024]

[Descotes-Genon et al., JHEP, 1305 137]
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http://arxiv.org/abs/1303.5794
http://arxiv.org/abs/0811.1214
http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/hep-ph/9910221
http://arxiv.org/abs/hep-ph/9910221

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

Update of [JHEP 08 (2013) 131] and ae I T T T
[PRL 111 (2013) 191801] tO 3 fb~l. S-wave is 055 LHCb ]
taken into account, we have finer bins, %—*— | Dttt
and no ¢ folding is needed. T
o Max Likelihood fit: 4D fit to oo ++ + ;
m(K*7™) and three angles in i ]

: 2 R B 10 15
bins of g~. @ loeviic]

@ Observables consistent with SM, & of - - -
except Ss i + —J
o Py =55/\/Fi(1—Fp) has a . AN ]

local discrepancy in two bins t;:

@ App seems to show a trend, but i L_H;wbmmABsz ]
is consistent with SM o . L. [EpicTspotsyer ]

0 5 10 15
Q2 [GeVc]
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1407.8526

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

What is Pg? ae ¥ - - -
. . . Ir LHCb
It is an asymmetry built with cosfk 0-5%_*_ M from DHMY
and |¢|, shown in the sketch. (inte- - B s
grating over one of the two gets zero). . T+ ]
. . . osf —+ :
The discrepancy with the SM predic- ; + —t+—
tion is visible in both angular distribu- % : 5 —
. 2 2
tions. ® [Geviic]
%2507 T T |
S r LHCb ) 1
% 200} 40< 2 <80GeVct {
— L — Best fit B
s 150} --- Standard Mode! {
g : I
© 100+ = B
E] 13 2 E down up E
% é O A P eocane 7 § 50| E
z g T - S F o]
g Z E 95200 5400 _ 5600
. 8 ] m(K* 77 ) [Mev/c?]

3
gt [rad]
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ALL P{ MEASUREMENTS

e LHCbdata o ATLASdata
= Belledata © CMSdata
[ sM from DHMV
¥ sm from ASZB

-

S
(6]

L B
P(29)

15
o? [GeV?/cd

LHCb [JHEP 02 (2016) 104], Belle [PRL 118 (2017) 111801]
CMS [PLB 781 (2018) 517], ATLAS [arXiv:1805.04000]
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http://arxiv.org/abs/1805.04000

ALL P{ MEASUREMENTS

- o 1 — T
o ¥ SM from DHMV 1
I ® LHCb Run 1 andysis 1
0.5~ 0 Belee'e arXiv:1612.05014 |
-~ 0 Belle up arXiv:1612.05014

LI
T

i3
o

|
T

|
o
al
T T T T T T

_ [ N T B SR
]O 5 10 15
o? [GeV?/ Y

LHCb [JHEP 02 (2016) 104], Belle [PRL 118 (2017) 111801]
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http://arxiv.org/abs/1604.04042

[LHCb, JHEP 09 (2018) 146, arXiv:1808.00264]

ANGULAR MOMENTS IN AY— Ap*p~

First b— s¢T¢~ analysis with Run 2 data (bar B— utu™)
e Find 300 A9 — Ap™p~ in Run 1 and 300 in 2015-16.

T T T T
3 - LHCh 1 3 of LHCb 1 3 o 3 s LHCD
= 2011+ 2012 = 2011+ 2012 = = 2015 + 2016
2 iongprr 2 Gonrsream prr 2 2 downsireem prr
= 1 =% ERa = o
g [ g g
% 1 J/\L ] % ] ] § i g |
o 3 gt o3 B!
;“'“{IL ST E——— S 44 + okt
it S0 S0 5100 500 S0 S0 S0 S0 S0 T S0 S0 S0 5100 S0
7T 4) MeVIc] 7T r) MeVie] M) MeVie] M7 [Mevied
. . —1
@ The data is at hlgh 18 [JHEP 06 (2015) 115], 1fb
S T T T T

q?, above the J&

[JHEP 06 (2015) 115].

1-65_ SM prediction
1‘45_ ~* Data
12F
=>» Here we look above the E
¥(2S) (15 < ¢° <

20 GeV?/c*)

o6 ‘

04f

o.zgf}“ —+ LHCb

0 5 10 15 2
? [GeV3 e
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http://arxiv.org/abs/1808.00264
http://arxiv.org/abs/1503.07138
http://arxiv.org/abs/1503.07138
http://dx.doi.org/10.5281/zenodo.886055e

[LHCb, JHEP 09 (2018) 146, arXiv:1808.00264]

ANGULAR MOMENTS IN AY— Ap*p~

First b— s¢*¢~ analysis with Run 2 data (bar B— utyu™)
e Find 300 A9 — ApTp~ in Run 1 and 300 in 2015-16.

@ The moments are consistent with the SM (K is 2.60 away)

%04;+ | LHCb_
SRRt +|HW+ ++|H
oo E

K.
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[LHCb, JHEP 07 (2018) 020, arXiv:1804.07167]

EVIDENCE FOR B — K*0utp~

Search for the Cabibbo-

& 350F ! 3

§3oo§ LHCb | suppressed b— d¢t¢~ FCNC decay
g0 e 1 BY—= K®utp~

—200F - g: - Ej:u*u: E )

gk e ke 1 Using 4.6fb~! 2011-16 data we find

g F [ Comb. bkg. B — —

g 100} 1 4200 B®— K*%utpu~ and 38 + 12
%522 A BY — K*Outu~ (3.40) decays

= 5200 5300 e e (shown weighted by purity)

o T BB KOt ) =

g wf LHCb E 29+1.0+0.24+0.3(B)) x 1078
=t bata ]

g l5f ;Ei“tﬂK“’uu .

8 B Rww

% 10 =cgr§b.pbkg,.lu

B

5

2

5200 5300 5400 5500 5600
m(K~ ) [MeVicg
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[LHCb, JHEP 07 (2018) 020, arXiv:1804.07167]

EVIDENCE FOR B — K*0utp~

Weighted candidates/ ( 1.0 GeVZ/c#)

[
ol
T

I
ol

Patrick Koppenburg

i
o
T

o
T

o
T

15
Q? [GeV3/cA]

B
+

900 950
m(K™7r*) [MeV/c?

Anomalies at LHCb

Cabibbo-
FCNC decay

Search for the
suppressed b— d{t i~
B — K*utp~
Using 4.6 fb~! 2011-16 data we find
e 4200 B®— K*0u*p~ and 38 + 12
BY — K*Outu~ (3.40) decays
B(BY— K*utp~) =
(29+1.0+0.2+0.3(B)) x 1078

@ Too little data to say anything
about g% and K*7~ mass
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[LHCb, JHEP 06 (2017) 108, arXiv:1703.00256] [LHCb, JHEP 04 (2017) 029, arXiv:1701.08705]

AY— pK=ptp~ AND AQ— pr—pt

T T T T T ;
S100F + /S — pKuty- data B100} « 7 - PK*uy* data b
§ — Ful fit § — Rl fit * S 3of LHCb —~ Daa
[ Signa Signal
g 80 Background S 80 Background LHCb é [ — Signal and bkg
g g 60 g ® e Ay PT
% 40 5 20| g - Combinatorial
[$) g g 10— Part reco
20 20 8 L ]
o TN
L L ! h 0 ) + + bl
54 55 656 57 58 54 55 56 57 58 5500 6000 6500 7000
m(pK ) [Gevied] mpK ) [Gevic] Mory ! (MeV/S?)
— — -1 0 -+,
600 + 44 AQ — pK~ptp~ with 3fb 22+6 Ap— prpTp
[JHEP 06 (2017) 108] [JHEP 04 (2017) 029]

Branching fraction of the Cabibbo-suppressed decay:

B(A— prptp”) = (69419 +411%13) x 1078
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W~/H". vy
B b - “1pk)
{ 8. 9.9 ;}

T versus (i€ lepton universality can be tested with:
B— D™
R(D™)) = M (= p,e,
B(B— D™w)

which is well predicted in the SM (# 1 due to phase-space, etc. .. ) [Kamenik

et al., PRD 78 014003], [Fajfer et al., PRD 85 094025], [BABAR, PRD 88 072012]

R(D*) X 0.252 + 0.003,
R(D) 2 0.297 + 0.017
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http://arxiv.org/abs/0802.3790
http://arxiv.org/abs/1203.2654
http://arxiv.org/abs/1303.0571

B°— D*t7rv AT LHCb

[LHCb, Phys. Rev. Lett. 115 (2015) 111803, arXiv:1506.08614]

Pulls

%3 20000 T040< G < 2.85 GVl neod 3 a000) T040<q7 < 2.85 GVIc* Lrco]
E g -
3 15000 £ 3000
< 10000 g oo
8 2
§  s000) § 1000}
1
8 s ="
& - = & -
-2 0 2 6 8 A
M2, GV £ ey
% 30000f 285<q’ < 6.10 GeviIc* [Acb] 3 12000F  285<q'<6106ev’C" _  LHCH]
R 1 = =
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o = |
S 20000] <
e 8 E
3 1E
§ 00 13 £
g g ?

I ) 5001000 1500

R
m2,_ (Gevi/c

6.10<qF <935 Gevlc'
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Candidates/ (0.3 Gev/c*,
Candidates/ (75 MeV)

il

0 2 6 8
mz,_ (GevZ/c®

500100601500

9.35< 7 < 1260 Gevic LH 535 < < 12.60 Gev'lc

Candidates/ (75 MeV)

Candidates/ (0.3 Gev?/c*)

I [l
m2,, (Gevire?)

BY— D**7=7 with
T — p VU and
B®— D*tu~7: same final
state.

Disentangled by kinematical
variables : g2, E;, m2 e

A template fit in g? bins
determines signal yields

Get 36300 & 1600

B— D** 1~ v decays and
Rp+ = 0.336 + 0.027 £ 0.030

=) 2.10 above the SM

—— Data

I B - D*v

B B - D*H (- X)X

B B - D"

N B - D
Combinatorial
Misidentified p
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[LHCb, Phys. Rev. Lett. 120 (2018) 171802, arXiv:1708.08856][LHCb, Phys. Rev. D97 (2018) 072013, arXiv:1711.02505]

B®— D* 7y, WiTH 77 — 7ntn 7 (70w,

Signal and backgrounds are deter-

. . . . %ﬁ 3333 LHCb
mined by a three-dimensional binned < g
fit to t., g% and BDT output. o
e signal yield: 1273 4 85. = =
o Normalised to i
B®— D*~mtn—nt wf
[PRD 87 (2013) 002001], Yielding .
B(B— D*rtv,.) = 3

(1.40£0.09 £0.12 4+ 0.10)% o
R(D*) = 0.286 £ 0.019 + 0.025 + 7,
0.021, 1o above the SM (0.252 +
0.003 [raiffer et a1) and consistent with
the world average.

E mmB - D00
10l 5 Comb. bkg

o 05 10 15 20 8 10
tlpsl o [Gev?c]
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http://arxiv.org/abs/1303.6861
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[HFlav'18]

B— D®) 7y HFLAV AVERAGE

) C T T T T I T T T T I T T T T I T T T T I ]
x - 05F BaBar, PRL109,101802(2012) - .
a Yt Belle, PRD92,072014(2015) Ax”=1.0 contours E
x u LHCb, PRL115,111803(2015) ]
0.45F- —— Belle, PRD94,072007(2016) === Averageof SM predictions 1
P ——— Belle PRL118,211801(2017) R(D) = 0.209 0,003 3
C  —— LHCb, PRL120,171802(2018) R(D*) = 0.258 + 0.005 ]
0.4 [T Average 3
0.35F 3
0.3 k=
0.25F
- HFLAV
0.2 o _SFl).I(mr?er 2018
2 X) = 74% —]
il T B B ST A B
0.2 0.3 0.4 0.5 0.6
R(D)

BABAR [PRL 109 101802 (2012)] [PRD 88 072012 (2013)] Belle [PRD 92 072014 (2015)] [PRD 94 072007
(2016), arXiv:1607.07923] [PRL 118 211801 (2017)] [PRD 97 012004 (2018)] LHCb [PRL 115 (2015) 111803]
120 (2018) 171802]. Theory [Na et al., PRD 92 054410 (2015)], [Faijfer et al., PRD 85 094025 (2012)]
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http://arxiv.org/abs/1205.5442
http://arxiv.org/abs/1303.0571
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1607.07923
http://arxiv.org/abs/1607.07923
http://arxiv.org/abs/1612.00529
http://arxiv.org/abs/1709.00129
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[LHCb, Phys. Rev. Lett. 120 (2018) 121801, arXiv:1711.05623]

STUDY OF Bl — Jiy1Hv,

LHCb measured R(D**) with 7t — ptuvw
[PRL 115 (2015) 111803] and Tt ata ot

[PRL 120 (2018) 171802]
What about Bf — JayrH (utvw)v?

@ Three-dimensional template fit in missing
mass (Mmiss),decay time (7) and coarse
E*, g2 bins (2)

v Surprising signal excess (30)

e Measure R(J/ip) =0.714+0.17 £0.18,

which is 20 above the Sl\{lr

'<T "
wt+ ¢ v

4

BJ{?’_‘ — ¢ }J/w

Patrick Koppenburg Anomalies at LHCb

LHCb

15 F2
decay time [ps]

7000
2 LHCh

5 3
Z(e*E,)
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FLAVOUR ANOMALIES
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...so, what is it?
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BREAKING NEWS

NEW PHYSICS IN LEPTONS

QSISG THIS CHANGES HOW WE SEE THE UNIVERSES SAYS CERN DIRECTOR DR. GIANOTTI.
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FLAVOUR ANOMALIES

We need a better precision in QCD.

Flavour

anomalies

Lattice §

rules

sl
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FLAVOUR ANOMALIES

It could be new vector bosons (but

re of BB mixing) zZ'wW
Flavour . ‘," . ® "
anomalies - i LIRS al
FAW e o
F——— | T
= ol T
L]
il
Lattice ' L \
Sum
rules

sl
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FLAVOUR ANOMALIES

be new vector bosons, or lep-
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FLAVOUR ANOMALIES

ere no CP violation beyond

VAN4

/ ! Flavour
;’ anomalies
o i“
-h. ~<_—
~

Lattice
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FLAVOUR ANOMALIES

They are likely to generate charged-
flavour violation. z'w

Flavour | ol |
anomalies 1) il P

Lattice

J o
jn

0
<

Sum Leptons,

rules

sl

Kaons
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FLAVOUR ANOMALIES

Can we see the bosons or leptoquarks LHC
at ATLAS and CMS? z'w'

Flavour IR |
qc anomalies - et Pl
D ‘ U

.

Lattice

Sum
rules

Leptons,
Kaons
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FLAVOUR ANOMALIES

Throw all data at a big fit of every- LHC
thing z'w

Flavour
anomalies

Sum Leptons,

rules

sl

Kaons
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FLAVOUR ANOMALIES

Or do we need a new machine? LHC
zZ W

Flavour
anomalies ‘ AN ) NIRRT T

. N

Sum Leptons,

rules

sl

Kaons
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[Lumi Plots]

INTEGRATED LUMINOSITY

LHCb Cumulative Integrated Recorded Luminosity in pp, 2010-2018

e  2018(6.5TeV): 214 /b -
e 2017 (65+251TeV): 171 /fb+010/b | See Mitesh Patel for
. 2016 (6.5 TeV): 1.67 /fb future prospects
2015 (6.5 TeV): 0.33 /fb
e  2012(4.0TeV): 2.08 /fb
o 2011(35TeV):Llllfb  feeeo ST S T Sveerrm—
2010 (3.5 TeV): 0.04 /fb

Integrated Recorded Luminosity (1/fb)

i
2010 2011 2012 2013 2014 2015 2016 2017 2018

Year
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i :
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LRty

Conclusion

too many 7 leptons.

=» Leptoquarks, vector bosons,
supersymmetry, or SM?
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ALMOST.
GOOD TRY.

Backup
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

m.,- (MeV/c?]

BDT

A B— uTp~ search using 2011-2016 data is done
with a mass fit in bins of BDT output.
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http://arxiv.org/abs/1703.05747

Candidates/ ( 50 MeV/c?)

=
o

[E

=
Q
[iN

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

LHCb

....

N
N T[O(*)u+ Ty

11 1d]

N

.

P
5000

5200

M L
5800 6000
m,.,- [MeV/c?]

LA 'i""":n P
5400 5600

The BDT is optimised to fight combinatorial and specific

backgrounds.
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

& 60F ! E|
S BF hoorunt 3
O 50F - =
s E Winterpolation fit El
- 45 E * Resolution from massfits E
g 40F 3
© sE E
30F E
R T N T 25; é
Sk vemm Soonp ] 20fF =
S o Sl Hoay ] 3 3
I Tk i 1o 5000 10000 -
g % 2 ool ] m,.,- [Mev/c?]
(§ Zan) 3050 3100 3150 5 &00 3650 3700 3750
My [MeV/c?] M, [Mevics
Samf e The mass resolution is calibrated using the
decays Jp—ptp~, (2S)— puTp~  and
T([1,2,3]S)— utu~ and interpolated  to
I 23 MeV/c? at the B? mass.

This is checked with B°— K*7~ and
BY— K+K-.
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

weomne £~40000¢ — ]
L35000F LHCbRun2 E
| ] 3 E —Tota E
: = 30000 —y(s) - p'u” 3
\ 0 25000E Comb. bkg é
Sz ——in R = 20000 3
M. [Mev/cg M- [Mev/e] 4] 15000F 3
§ wf o el apne 2 10000} .
2wl i, E EW:M g 5000 E
S 3 %ﬁ - $oo 350 3700 3750
% = F %ﬁ m,., [Mev/cg]
0 3050 3100%7[ [Maé\s/olczj &00 3650 37?&1{ [Me\%csgl
Sowl T b The mass resolution is calibrated using the
S i decays Jp—ptp~, (2S)— puTp~  and
\n T([1,2,3]S)— utu~ and interpolated  to
9500 10000 10500 1! 2 0
&5 o 23 MeV/c* at the B mass.

This is checked with B°— K*7~ and
BY— K+K-.
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

& 2500F E ey 3
o 3500 LHCbRun1 § 6000 LHCbRun2
§ 3000 2 so0
g 2w 3 4000
< 2000 = 3000
L o<
g w0 " g 2000
8 500 S 1000
o o

£ B
g g
3 3
= =
o o
g g
B B
k] k-]
° °
8 8
S ] ©

L L L L L L - L L
5200 5250 5300 5350 5200 5250 5300 5350
My [Mev/c] My- [Mev/c?]

B%— K+~ and Bt — J/ip K+ are used to normalise the B— putp~
branching fractions. The factors are a%9™ ~ , _ = (5.7£0.4)x 107!
Bs — ptp

S
ICIERSN e = (1.60 4 0.04) x 1011,
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

T wf 3 ¢v ]
3 35F 4 3 s E
; 30f LHCbRun 1 E § LHCbRun 1 :
cH BDT 0[025040] § = BDT 0[0.40,050] 1
< sE 4 I s B
g E 8 ]
g 2oF ERE: .
k<] 15E B 3 5 4

8 F T T E &

10F = T i s % N >,
Eopon, ~ +

+ Ty

o2 - 0 - :
5000 5500 6000 5000 5500 6000
m.- [Mev/c? m.- [Mev/c?
6
5
LHCbRun1 LHCbRun1

BDT 0[0.50,0.60] BDT [[0.60,1.00]

Candidates/ ( 50 MeV/c?)
£
Candidates/ ( 50 MeV/c?)

IR

5500

6000 6000
m,..- [Mev/cq] m,..- [Mev/cq

Mass fits are performed in bins of BDT output, separately for Run 1
nd Run 2 data.
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

T E < E
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3 3
< “H BDT 0[0.25,0.40] 1 - BDT 0[0.40,0.50] 5
g 15 3 8 E
g 1 2 E
k=] 4 k=] -
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L6 BDT 00500600 § = 4of BDT 0[0.60,1.00]
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Mass fits are performed in bins of BDT output, separately for Run 1
nd Run 2 data.
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

S T T T T a2
é 20 LHCb — B E
o F BDT >05 Tt B W E
\Lf_)/ 25E Combinatorial —
— E B - h'h” 3
% 20 = T By ~ (KW, _E
% sETN Iy - B L, ey E
§ c o Ay = PUV, ]
10 :— B: - Jyu'y, =
5 4o
E:.-.-u.-. TR S SR VTR . 1 : lx ‘ I '_l:

= el
5000 5200 5400 5600 5800 6000
m,.,- [MeV/c?]

Mass plot shows candidates with BDT> 0.5.
The significances are 7.8 for BY — u*pu~ and 1.60 for B — ptpu~.
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY BY— ptpu

) 1071

) 1072

_ 102
x107°

BF(B° W)
The results B(B?— ptu~) = (3.0 +£0.6 33) x 1079 and
B(B®— putp~) = (15712 7102) x 10710 are consistent with the SM.

[Bobeth et al., PRL 112 101801 (2014)]
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY BY— ptpu

0.9X10°

0.8 LHCb
0.7
0.6
0.5
0.4
0.3
0.2
0.1

BF(B® - py)

x107°

o

ptpm)=(3.04+0.6"53) x 107 and
+92) x 10710 are consistent with the SM.

The results B(B? —
B(B—= ptp~) = (15713

[Bobeth et al., PRL 112 101801 (2014)]
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

OBSERVATION OF THE DECAY B — ptu~

—
I |
@)
S

1072

3 Xlo_Q
10 0.1 0.2 03 04 05

BF(B” - u'w)
As no excess of B — i pu~ is found, a limit at 3.4 x 10710 at 95%
confidence level is set.
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[De Bruyn, Fleischer, PK, et. al, Phys. Rev. Lett. 109, 041801 (2012)]

B— u*p~ EFFECTIVE LIFETIME

The effective lifetime allows the extraction of

(1 - ysz)T;ﬁ;L_ - (1 + ysz)TBE
27go — (1- y52)7'u+”—

Aarys =
. 1
with ys = ETBQAFS = 0.0754+0.010 [Hraq)

This gives sensitivity to the (pseudo-) scalar operators Op s
with Wilson coefficients P and S (= 1,0 in SM):

R =
BR(B? — ptu™)sm 1-y2

_ {1 + Ys cos2g0p} |P|2 " {1 — Vs cos2<p5} |S|2
1—-yZ 1—y2 ’

S

LHCb expects O(500) events with 50 fb~%, as many as for
Teff(Bg — KK) [PhysLet. B707 (2012) 349-356, arxiv:1111.0521]

BR(BS - N+N7)exp _ |:1 +-AAI'YS:| <|P|2 + ‘5‘2) 00

m= Upper Bound (R = 1.4)
Excluded at 95% C.L.
— Tlhustration for Aar(wps = 0,7)

Non'scalar
NP/(Cl,, CF)

5

TT_ 1618 20 22
R = BRag(Bs = p1pi7) [BRs(Bs = i)

0 12 PE)
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http://arxiv.org/abs/1111.0521

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

B — p"pu~ EFFECTIVE LIFETIME

For the first time the effective
lifetime of BY — utp~ is mea-
sured, as proposed by [pe Bruyn, Pk,

0.14
0.12

0.1
0.08
0.06

@ Only candidates with 004
BDT> 0.55 are used. o .
5 10
@ The time acceptance is Decay time [ps]
taken from simulation.

LHCb simulation
BDT > 0.55

Arbitrary units

et al., PRL 109, 041801 (2012)].

0.40
0.35
0.30
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0.20
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10
Decay time [ps]
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http://arxiv.org/abs/1204.1737

[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

B — p"pu~ EFFECTIVE LIFETIME

For the first time the effective

e . % s00f 3
lifetime of BY — u*p~ is mea- S ]
sured, as proposed by [pe Bruyn, Pk, = o E
— L ]

et al., PRL 109, 041801 (2012)]. = 300¢ E
8 L ]

@ Only candidates with 3 20¢ E
2t 1

BDT> 0.55 are used. 3 100 3

0’ |

@ The time acceptance is 00 e
taken from simulation.

T f !
@ The time acceptance is o 80 b E
validated using B 500 E
0 + = iAlA: B a00F E
B — K™n~, yielding 2 ol
1.52 4+0.03 ps, consistent & z: ]
with the BY lifetime. :
100: -
0(5 t") 10
decay time[ps]
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[LHCb, Phys. Rev. Lett. 118 (2017) 191801, arXiv:1703.05747]

B — p"pu~ EFFECTIVE LIFETIME

For the first time the effective

N
I

. . 0 4+, — 22

lifetime of By — ™™ is mea- 20 LHCb
sured, as proposed by [pe Bruyn, Pk, b _BT:;O'%
et al., PRL 109, 041801 (2012)]. 12 — B Lo

------ Combinatorial background

@ Only candidates with

BDT> 0.55 are used. H.

- W*u candidates/ (50 MeV/c?)
=
N

oON B O
s W M R

0
s

S bbb bbbl bl

@ The time acceptance is o 5400 5600 5800 00

taken from simulation. M MEVICT
2 [ ‘ ]
@ Using the sPlot 2 8 LHCh ]
. 8 L ]
technique: g ep — Effectivelifetimefit ]
ity 8 b E
Bl — pu*u = ]
2.04 +£0.44+£0.5 ps oaf .
= Consistent with E oo
- D L | | 4

A‘Zl—'u =1 (—1) at = 0 5 10

1o (1.40) level Decay time [p]
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EXPECTED SENSITIVITY FOR LIFETIME

The expected sensitivity for

£ 800 mean = 0.348304 X .
S ob b median = 0322725 this analysis was 0.32ps but
£ ook ## we got unlucky with 0.44 ps.
g ¢ 4
3 5005 % Extrapolating assuming an
[%] C .
s A unchanged analysis we ex-
800 L % pect 0.079 ps for 50fb~! and
C [] —
2008 % 0.032 ps for 300 fb1.
100, ~. . .
N I, S . ‘ ‘ This would allow disentan-
0 0.2 0.4 0.6 0.8 1 1.2 1.4 H
sps 8ling the Bsy anb Bgy, states
by 60
B 1 meain coman gt : medien <0875 § aovo- * | Retmcomms
2 ook ! 8fb §zs00% * 50fb § 3000 . 500 fb
g wb 7 8 2000 . gzzzz:
iz: te 10005 - izgg:
200 B 500% .. 500E-
02 0.4 06 08 1 12 5(‘}(495) 0 0.05 01 0.15 02 0250(‘)(;]0534 0 001 002 003 004 0.05 (l((}]?‘)(pl)s.)lﬂ
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Bly— " p~ WITH RUN 2

[ATLAS-CONF-2018-046]

T = B B B e I R R IAREmansaa:
= ATLAS Preliminary o 20152016 data E S 1'2; ?T':/ii TP r\ihT;nige 3t E
2 100 (s=13Tev, 151-26.3 b — Town 1 5 £ st E
» 141 0.4163<BDT<1 — - Continuum background — 5 C 2AIn(L)=23,62, 118 ]
s o8 | b " X background ; os8f o — statonly E
& A Peaking background  J - r P —— stat + syst ]
10| B T N T 8 06 ;i =
£ B @ Cooi ]
8L E 0.4 i !
oF 02 & =
4 E L ]
£ of- 1
2F L X \ .
= n = o 3 —0.2H e B N e NN Y e b
g1800 5000 5200 5400 5600 5800 0 2 5 7
Dimuon invariant mass [MeV] B(B? - u p)[107]
0 +,,—
ATLAS now also see B — u™
0 + —) _ ( + 1.0 +0. 5) 9
B(B— ptpu~)=(32"59" x 107

B(B®— ptu~) =

(-1.3£21)x 107 <43 x1071° (95% C.L.)
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) |

By — p1* i~ WITH RUN 2

— r R B A . — 1 1
i j

o 1.2 s - o 1.2 - |

2 E ATLAS Preliminary —Runl data 1 =, [ ATLAS Preliminary — —2015-2016 data ]

- E —2015-2016 data ] -~ F ]

= = —Run1+2015-2016 data - } - —Run1+20152016 data |

t L ] T ]

ES E ] ES F ]

r 08 E Likelihood contours for B + 08 E Likelihood contours for B

o E ) - ] ° L ; - ]

e 0.6 2 An(L) =2.3,6.2,11.8 3 e 0.6 24In(L)=23,6.2,11.8 3

o ] @ L ]

= 0.4~ E

= 0.2F E

] oo 1

1 o T

-0.2 i AR 0.2, , RN

5 6 0 6 7

e

B(BS — u* ) [10 B(BS - u* ) [107]

Combining with the Run 1 result [epic 76 (2016) 513]:
B(BY?— ptp~) = (2.80.7) x 107°
B(B°— ptp~) = (~1.9+1.6) x 107 < 2.1 x 107 (95% C.L.)
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[LHCb, JHEP 03 (2018) 078, arXiv:1710.04111]

SEARCH FOR B? — e*pu¥
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http://arxiv.org/abs/1710.04111

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

Update of [HEP 08 (2013) 131] and [PRL 111 (2013) 191801] tO g ‘ ‘ ‘
3 fb~1. S-wave is taken into account, we have 5 7
. . . . %
finer bins, and no ¢ folding is needed. L 1
@ Angular acceptance obtained from MC Sihdaon
and validated on B% — J/i) K* decays. ‘
£
PR
T g
% ;
E 0.5
LHCb
simulation
1 0.5 6 05 91
v v
E = 3 RS ol
g g 2o ]
) B = e
05200 05200 oo * ’ ’ @lred)
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Update of [HEP 08 (2013) 131] and [PRL 111 (2013) 191801] tO
3 fb~!. S-wave is taken into account, we have
finer bins, and no ¢ folding is needed.

Candidates/ 5.3 MeV/c?

@ Angular acceptance obtained from MC o <l
and validated on B% — J/i) K* decays. S s

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF B — K*0utp~

""LHCD | ]
11< @ <60GeV/ct

Candidates/ 0.1

o Max Likelihood fit: 4D fit to m(K*n™) A
and three angles in bins of ¢°. %1‘”’
o Here 1.1 < ¢? < 6 GeV?/c* is shown. o g
e 2398 £ 57 decays found in total.
S
cos B
LACh L F "LHC S " LHeb ]
11<P<60GeVict 3 150 11< ¢2<6.0 Gevact = <@ <s0cct
100 z S o + + 1
g § .4
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Os200 N %8 0.85 0.9 0.95
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[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

Update of [JHEP 08 (2013) 131] and « o £of 1

— . o L s romassz ] -+

[PRL 111 (2013) 191801] tO 3 b 1. S-wave is AT e ] A
taken into account, we have finer bins,  .* — e
and no ¢ folding is needed. T e T ewe
e Angular acceptance obtained i L o e |
. + "

from MC and validated on T S U
B%— Jjb K* decays. P d
@ [Gevyc @ [Gev¥c

o Max Likelihood fit: 4D fit to of e
m(K*7~) and three angles in CTHR i A

H -t +
bins of g°. =t = T ]
o Observables consistent with SM, C T o . i Fioarr

eXCe t 5 LHCbh © LHCh

Pt s (N

Fr =+ e T
: P o : @ lcevier
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[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

Update of [JHEP 08 (2013) 131] and ae I T T T
[PRL 111 (2013) 191801] tO 3 fb~l. S-wave is 055 LHCb ]
taken into account, we have finer bins, %—*— | Dbt
and no ¢ folding is needed. T
o Max Likelihood fit: 4D fit to oo ++ + ;
m(K*7™) and three angles in i ]

: 2 R B 10 15
bins of g~. @ loeviic]

@ Observables consistent with SM, & of - - -
except Ss i + —J
o Py =55/\/Fi(1—Fp) has a . AN ]

local discrepancy in two bins t;:

@ App seems to show a trend, but i L_H;wbmmABsz ]
is consistent with SM o . L. [EpicTspotsyer ]
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[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF B — K*0utp~

Update of [JHEP 08 (2013) 131] and
[PRL 111 (2013) 191801] tO 3 fb~!. S-wave is
taken into account, we have finer bins,
and no ¢ folding is needed.

o Max Likelihood fit: 4D fit to
m(K*7~) and three angles in
bins of g°.

o Observables consistent with SM,
except Sg

o P{=S5/\/FL(1—F.)has a

local discrepancy in two bins

@ App seems to show a trend, but
is consistent with SM

. LHCb ]
O'S#i SM from DHMV ]

L° T ® Run1anaysis
L o 2011 analysis

E %
-05F -4
_rlE 1 I¢ T ) I :

0 5 10 15
Q? [GeVcd

Comparison of P between the
1 fbfl analysis [PRL 111 (2013) 191801]
and the 3fb ! update

[JHEP 02 (2016) 104]
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[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

What is Pg? ae ¥ - - -
. . . Ir LHCb
It is an asymmetry built with cosfk 0-5%_*_ M from DHMY
and |¢|, shown in the sketch. (inte- - B s
grating over one of the two gets zero). . T+ ]
. . . osf —+ :
The discrepancy with the SM predic- ; + —t+—
tion is visible in both angular distribu- % : 5 —
. 2 2
tions. ® [Geviic]
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[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

On top of the maximum likelihood = f 1 dof 7
R
method, the paper adds two more { ++ .
methods ' o E.
METHOD OF MOMENTS: Counting ~ ~ = = «wm © ° 7 o
method, less precise but more Lt iz il i
, , |
stable: Allows for 1 GeV?/c* R Mo
: / A= T
bl ns. °T 5 10 15 °T 5 10 15 -
o [Gevac] @ [Gevic]
o Important test for QED #of ) af —
corrections: They would ﬁlr, o L Jr,H i
generate tensor currents not lﬂiﬂ it ;'H: HT T
affecting this method [cratrex. R T
Hopfer, Zwicky PRD93 054008]. 7ot e 1 Tef v
T *H'\Jr o | +++ Lo
L S I B 2T S
+
° B GZIIEGWZ/C‘] ° B Q;[SGE\/’“?‘]
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[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF BY— K*0p Ty~

On top of the maximum likelihood Ninnas : : —

method, the paper adds two more - LHCb
methods

METHOD OF MOMENTS: Counting
method, less precise but more [ ]
stable: Allows for 1 Gev?2/c* 05l ]

bins. 2 3 7 5 6
2 [GeV¥cd]

FIT TO DECAY AMPLITUDES: 0
. 0.5 -
Modelling the g® dependence of <M LHCb
the amplitudes one can fit for

zero-crossing points more 0)/
precisely

93 (Arp) € [3.40,4.87] Gev2/c* R
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at 68% C.L.
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o :
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cy 45
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[Altmannshofer, Straub, EPJC 75 382 (2015)]

Using EOS software [obeth et al, JHEP 1007 005], We fit the likelihood fit results
for a modified Co (vector coupling) Wilson coefficient and get

ACy=—1.04+0.25 (3.40)
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[Belle, PRD 94 072007 (2016)]

R(D*) wiTH T— (vv

Using 772 million BB pairs, Belle compare B® — D** 7~ (¢~ 1,77, and
BY— D*+£_74

o D*t — D7t with 10 decay modes for D°

o D*t — D*70 with 5 decay modes for D

They measure
R(D*) = 0.302 + 0.030 + 0.011

which is 1.60 above the SM prediction.

[+
=}

N
S

Events /(0.05 GeV )

Events /(0.05 GeV )
S
o

Events / (0.0666667 )

04 06 08 10 12 8.0 02 04 06 0.8‘ 10 12
Er [GeV] Er [GeVl
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[PRL 118 (2017) 111801, arXiv:1612.05014]

BY — K*0¢/t¢{~ ANGULAR ANALYSIS

Belle do an angular analysis of PE4’5) as

LHCb [JHEP 02 (2016) 104]. AFB and dF/dq2
were published in [prL 103 171801 (2000)]

@ Split sample in muons (185 + 17
decays) and electrons (127 £ 15)

Events / ( 0.003 GeV/c?)

Events / ( 0.003 GeV/c?)
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B — K*utyu~ aT CMS

CMS also study the P{ variable usmg
20.5fb~ " at 8TeV.
o See 1400 decays

e BPY flavour is obtained from
K*7F combination closest to
K*(892)° mass.
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B — K*utyu~ aT CMS s

CMS also study the P{ variable using o | ~os
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o See 1400 decays 15
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K*7F combination closest to oS
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prediction but a fit to the
LHCb data [Ciuchini et al., JHEP 1606
(2016) 116] -05
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[ATLAS, arXiv:1805.04000]

B— K*u*u~ AT WITH 8TEV DATA 2
) !

ATLAS see 342 +39 B— K*uu™ in 3 P ——
0.04-6 GeV2/c? range with 20.3fb at & ®- S5 ld ¢ 0[004,40] GV -
8TeV g + owa ]
O 40— — Total Fit Model _|
@ Their P{ result pulls in the same 7 S
direction as LHCb AT
Predictions: DHMV [pescotes-Genon et
al JHEP 12 (2014) 125, arXiv:1407.8526] , JC [Jager & © 5200 500 f:“’o (MeV]
Camalich, JHEP 05 (2013) 043, arXiv:1212.2263] [Jager o 2;ATLAS‘ ‘E‘_BTE‘V ZK:I; f‘b,1;
& Camalich, PRD 93 014028 (2016), arXiv:1412.3183] b aruss S‘szzml\j ]
CFFMPSYV is not a prediction but i Toue e ]
an SM fit to data. [Ciuchini et al., JHEP 06 0,5:— 7
(2016) 116, arXiv:1512.07157] 0; —_i *
Experiment: 3 _+I:ql E
[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442] [Belle, 710; s L s s & E

o [GeV?

arXiv:1604.04042] [CMS, PLB 781 (2018) 517,

Pgtj(iﬁ}.(llfmmhgrg Anomalies at LHCb 22/10/2018 — Implications of flavour anomalies [52 / 38]


http://arxiv.org/abs/1805.04000
http://arxiv.org/abs/1407.8526
http://arxiv.org/abs/1407.8526
http://arxiv.org/abs/1212.2263
http://arxiv.org/abs/1212.2263
http://arxiv.org/abs/1412.3183
http://arxiv.org/abs/1412.3183
http://arxiv.org/abs/1512.07157
http://arxiv.org/abs/1512.07157
http://arxiv.org/abs/1512.04442
http://arxiv.org/abs/1604.04042
http://arxiv.org/abs/1604.04042
http://arxiv.org/abs/1710.02846
http://arxiv.org/abs/1710.02846
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Update of [HEP 08 (2013) 131] and [PRL 111 (2013) 191801] tO g ‘ ‘ ‘
3 fb~1. S-wave is taken into account, we have 5 7
. . . . %
finer bins, and no ¢ folding is needed. L 1
@ Angular acceptance obtained from MC Sihdaon
and validated on B% — J/i) K* decays. ‘
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Update of [HEP 08 (2013) 131] and [PRL 111 (2013) 191801] tO
3 fb~!. S-wave is taken into account, we have
finer bins, and no ¢ folding is needed.

Candidates/ 5.3 MeV/c?

@ Angular acceptance obtained from MC o <l
and validated on B% — J/i) K* decays. S s

[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]

ANGULAR ANALYSIS OF B — K*0utp~
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[LHCb, JHEP 02 (2016) 104, arXiv:1512.04442]
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[LHCb, JHEP 06 (2015) 115, arXiv:1503.07138]

BF AND ANGULAR ANALYSIS OF A9 — Ap®u
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[LHCb, JHEP 06 (2015) 115, arXiv:1503.07138]
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[BaBar, PRL109 101802 (2012), arXiv:1205.5442] [PRD88 072012 (2013), arXiv:1303.0571]

EVIDENCE FOR A B— D)1y EXCESS

[ 15
[P | (GeV)

Events/(0.25 GeV?) [Events/(100 MeV) in insets]

WB—-Dr v, BB-»Dv, MB-D( /)
@B~ D'r 7. BB D7 [EBackeround

¢l

BaBar investigate Bt — D& 7y with 7— lww
and compare to Bt — D)y

o Full sampe of 471 million BB pairs

@ The other B meson is fully reconstructed
in 1680 final states

o Signal combines a £ = e, ju to a D*)

|
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[BaBar, PRL109 101802 (2012), arXiv:1205.5442] [PRD88 072012 (2013), arXiv:1303.0571]
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BaBar investigate Bt — D& 7y with 7— lww
and compare to Bt — D)y

o Full sampe of 471 million BB pairs

@ The other B meson is fully reconstructed
in 1680 final states

o Signal combines a £ = e, ju to a D*)
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[Belle, PRD 97 012004 (2018), arXiv:1709.00129]

R(D*) wiTH 77— (7", pT)v

Using 772 million BB pairs, Belle

— o 15 4
compare B — D7~ (¢~ v, 7,)p, and & &
BO— D"+, \
of
o 15 decay modes for D° and D™ i 2
o 4 decay modes for D** and D*° 53 L
-1.5
eT—nTvand T— pTU £
0; 0. ‘15 O‘Z 0. ‘25 0‘3 0.35 0.4 0.45 0

They measure

R(D*) = 0.270 + 0.035 + 2928

7 polarisation: P, = —0.38 & 0.51 * 3

where the 7 polarisation is the asymmetry of :t% helicities. The SM

prediCtS [M. Tanaka, R. Watanabe, PRD82 034028]

P, = —0.497 + 0.013
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0.2 0.3 0.4 0.5 0.6
R(D)

BABAR [PRL 109 101802 (2012)] [PRD 88 072012 (2013)] Belle [PRD 92 072014 (2015)] [PRD 94 072007
(2016), arXiv:1607.07923] [PRL 118 211801 (2017)] [PRD 97 012004 (2018)] LHCb [PRL 115 (2015) 111803]
120 (2018) 171802]. Theory [Na et al., PRD 92 054410 (2015)], [Faijfer et al., PRD 85 094025 (2012)]
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https://hflav.web.cern.ch/
http://arxiv.org/abs/1205.5442
http://arxiv.org/abs/1303.0571
http://arxiv.org/abs/1507.03233
http://arxiv.org/abs/1607.07923
http://arxiv.org/abs/1607.07923
http://arxiv.org/abs/1612.00529
http://arxiv.org/abs/1709.00129
http://arxiv.org/abs/1506.08614
http://arxiv.org/abs/1708.08856
http://arxiv.org/abs/1505.03925
http://arxiv.org/abs/1203.2654

[NA62, Moriond EW 2018]

FIrRsT KT — 7ntvr DECAY WHEZQ_
Q.

Search for KT — wtvw dfoaE .
. . + . .. '13018? Process Branching
Signature is a 7" with missing en- o0 ratio
0.14f— + .
ergy m%‘]iss = (pK+ — p7r+)2 wab K| K'—m'n’ 0.2066
0157 K—p'v, 0.6356
See one candidate in signal box oo - K'ommm 00558
-> Set 90% CL ::ig: 5 Region Il
oozf- B )
— — E T Ko
B(K+ % 7T+Z/V) < 1]. X 10 10 —D.I04 -O‘BZ O‘ ' lCH!)Z 0104 0.(')6 0.08 l:“l [GU‘;ZZ,‘]
= 0.12 7
Consistent with SM expectation ¢ * .., f & mwe
11 3 0.08 LS +data
(84:t10):l:10_ [Buras, Buttazzo, Girrbach, 2 0.06 7 =
~E 7
Knegjens, JHEP 1511 (2015) 033]. o4 |
0.027 Al R .
_oo(z) EPRIERL T T e an
-0.04;
~0.06
—0.08%

1
15 20 25 30 35
7" momentum [GeV/c]
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https://indico.in2p3.fr/event/16579/contributions/60808/attachments/47182/59257/Moriond_rmarchev.pdf
http://arxiv.org/abs/1503.02693
http://arxiv.org/abs/1503.02693

[BESIII, arXiv:1802.05492]

LEPTON-UNIVERSALITY IN D%+ — 70+ p

BESIT

Using 2.93fb~! data at 3.773 GeV BESIII study D%+ — 7= 0uty

B(D°— n~ptr) = (0.267 + 0.007 4+ 0.007)%
B(D* — n°utv) = (0.342 £ 0.011 4+ 0.010)%

They combine with existing electronic BFs

600
[CLEO, PRD80 (2009) 032005 | [BESIII,PRD92 (2015) 072012] 1O
get _
~§ 2001
R(D°— 7~ ¢*v) = 0.905 + 0.027 4 0.023 N ,
R(DT — 7%*tv) = 0.942+0.037 £0.027 S |
which are 1.9 and 0.60 below the SM ex- m?
pectation of 0.97. 1005- p
%z W 0z 04

M2, (GeV¥ch)
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http://arxiv.org/abs/1802.05492
http://arxiv.org/abs/0906.2983
http://arxiv.org/abs/1508.07560

=
UPGRADE J

clock new electronics
VELO: New pixel vertex detector

TRACKERS: New scintillating fibre tracker.
The upstream tracker is also replaced

PID: Hybrid photodetectors to be replaced by
multi-anode PMTs

= 50 fb~! by Run 4.

v We are preparing an-
other upgrade for Run 5 H/
=» 300 fb~*

ade TDR] [Velo] [PID] [Sci-Fi] [Trigger] [Phase-Il Eol]
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https://cdsweb.cern.ch/record/1333091
https://cdsweb.cern.ch/record/1624070
https://cdsweb.cern.ch/record/1624074
https://cdsweb.cern.ch/record/1647400
https://cdsweb.cern.ch/record/1701361
https://cdsweb.cern.ch/record/2244311
https://cdsweb.cern.ch/record/1333091
https://cdsweb.cern.ch/record/1624070
https://cdsweb.cern.ch/record/1624074
https://cdsweb.cern.ch/record/1647400
https://cdsweb.cern.ch/record/1701361
https://cdsweb.cern.ch/record/2244311

LHCb TRIGGER IN RUN 3

LHCb 2015 Trigger Diagram
40 MHz bunch crossing rate

LO Hardware Trigger : 1 MHz
readout, high Ey/Pr sighatures [

LHCb Upgrade Trigger Diagram

30 MHz inelastic event rate
(full rate event building)

exclusive kinematic/geometric selection:

Ny :

Full event reconstruction, inclusive and ]
450 kHz 400 kHz 150 kHz s

Buffer events to disk, perform online

detector calibration and alignment

Buffer events to disk, perform online Add offline precision particle identification
detector calibration and alignment and track quality information to selections

Partial event reconstruction, select
displaced tracks/vertices and dimuons

: ' . Output full event information for inclusive
[ Full offline-like event selection, mixture] triggers, trigger candidates and related

N . A ! rimary vertices for exclusive triggers
of inclusive and exclusive triggers p 4 99

I I b
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https://cdsweb.cern.ch/record/1701361

BELLE II $

Belle I

KL and muon detector:
Resistive Plate Counter (barrel)
WLSF + MPPC (end-caps)

electron (7GeV)

Beryllium beam pipe
2cm diameter

Vertex Detector
2 layers DEPFET + 4 layers

positron (4GeV)

He(50%):C2He(50%), S
lever arm, fast electronics
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BELLE VERSUS LHCb

D
\8\\\

8

>
)
[0
@
o
<
IS
=
2
=
[}
>
w

Candidates/ 11 MeV/c?

N
\\8\\

28 L
M, (@evicy) 05500

92 524 526 o =
m(K* 7T ptp) [MeV/c?)
Example: B® — K*Out =

v/ Two handles: B mass and B en- ¢ Two handles: B mass and point-

ergy in 1'(4S) frame (AE) ing to PV
185 signal decays with 711fb~! 2400 signal decays with 3fb~1 at
7-8 TeV

Conversion factor: 5ab™! « 1fb™! (at 13 TeV)

C\
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BELLE VERSUS LHCb

E

Events / ( 0.003 GeV/g

2 3
3 3
= ' . 3
S > [ Combinatorial 3
g_ 20 B Xe'e =
8 15 B Ky 3
E L, {_ 11<<60[GeVIch] ]
S / E
8 s 2% E
w  5F 3
= o | .

526 5.28 s o e E

M, (GeV/c?) 00 5000 5500 5000

0 %0 o o— m(K*re'e) [Mev/c)
Example: B* — K* eTe

v Electron channels are as “easy” X Bremsstrahlung makes electrons

as muonic much more difficult
127 signal decays with 711fb~! 200 signal decays with 3fb~! at 7-
8 TeV

Conversion factor: 1ab™! «+ 1fb~! (at 13 TeV, upgraded)
Patrick Koppenburg Anomalies at LHCb 22/10/2018 — Implications of flavour anomalies [63 / 38]



[LHC web]

LHC SCHEDULE

2015 2016 2017 2018 2019 2020 2021
Q1iQ2iQ304|Q1!Q2iQ3{Q4|Q1Q2!Q3!Q4|Q1{Q2{Q3i{04|Q1Q2{Q3iQ4|Q1|Q2!Q3!Q4|Q1|Q2i23!n4

e [ ]
Injectors Run 2 LS 2 r
PHASE 1

2022 2023 2024 2025 2026 2027 2028
a1]a2je3|a4lai|a2ie3a4]a1 @2 a3 ia4|a1|@2 a3 ]a4|al l@2]@3 @4 ]al 2103 04]a1a2ia3 |04

tHe Run 3 LS 3 || Run 4
Injectors .
+—— PHASE 2
2029 2030 2031 2032 2033 2034 2035
ai1lc2iasia4|a1la2|a3la4|a1]a2 a3ia4]|atia2(a3ia4|al a2 w3 {a4]|a1 a2 (a3 a4|al a2 a3 a4
LHC
) LS 4 I Run 5
Injectors
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https://lhc-commissioning.web.cern.ch/lhc-commissioning/schedule/LHC-long-term.htm

[CERN-LHCC-2017-003]

Eol FOR PHASE-II UPGRADE

Magnet Side
Stations

Side View Tungsten
ECAL

We have experessed an
interest for a Phase-1l up-
----------- grade [CERN-LHCC-2017-003] .

We are now writing the

— ~ physics case.
PID
TORCH

resolution
& Timing

Luminosity Runl | Run2 | Run3 | Run4 | Runb
increments 2010-12 | 2015-18 | 2021-24 | 2026-30 | 2032-35
AL [fb~1] +3 +6 +14 +27 | 4250
Total £ [fb~1] 3 9 23 50 300
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