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Rare Decays at LHCb

Muonic B decays

Br BY/B) — pu/ 7.
Br + Ang. B — K" .
Br + Ang. BY — ¢up.

Br + Ang. Ay — prpup. Strange decays
Isospin B — Kup.
P [t K=

tlieimn dzszyE Radiative decays
B — Ky, B — ¢y
E‘b = E’y
= Enormous Physics program B /B — Jpy
which is constantly expanding.
= Will cover only part of the
results.

D — hhup
D — epu.

T decays
T = L. T = DL
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Why rare decays?

¢ In SM allows only the charged interactions to change flavour.

o Other interactions are flavour conserving.

e One can escape this constrain and produce b — s and

b — d at loop level.

o This kind of processes are suppressed in SM — Rare decays.

o New Physics can enter in the loops.
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Tools

e Operator Product Expansion and Effective Field Theory

4G,

Hepp=— 7

i=12 Tree
i=3-6,8 Gluon penguin

Ci (/‘L)Oz(,u') + Cl/ (/L)O,: (,LL) s i=7 Photon penguin

i=9.10 EW penguin
i=S  Scalar penguin

i=P  Pseudoscalar penguin

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

effective operators.
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Bjg — pp

= Golden channel for LHCb.

= Normalized to the B — K7 and
B — KJf).

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

B(B) — pp) = (3.0915:3570:13)10™

> 10 o significant!

B(B) — pp) < 2.3 x 107, 909

=)

B(B® — puy) < 1.5 x 1077, 90%C
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Byjq — 1t

Effective lifetime

Sensitivity to non-scalar NP.
7(BY — pup) = 2.07+0.29 +0.03 ps

»
’.g‘ 5x10 T T
R LHCb |
X 9fbt
3
w o
o
_5 —
10 mmours‘oorra)on‘dmsa"/ﬁ,‘ﬁ}sww/n‘CLreglon‘s ) ><10_9
0 01 02 03 04 05 06 07
BB’ i)
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PHYS. REV. LETT. 128, (2022) 041801

& T T .
o gk LHCb .
3 9fb? ]
=) 6F 055<BDT <100 -
~ 4
~ .
> 4k Data 3
i) — Effective lifetimefit |
> 2 + ]
0 ! .
\ .
0 5 10
Decay time [ps]
, [P|=1|8)=0,0p=0 ps=m/2
o 'sm ; /
0s B si-iel
:; 0.4 G , ’l,'
3 02 / Scaldr NP (CY)
T pp=/n/4 4
Pjr_ —02 Non”—scalax
<04 NP/(Cl), Cl)
—0.6 /
o8 y
4 ep=r/?
|P|=1,|S|=0 Excluded at 95% C.L.
0.6 0.8 1.0 1.2 1 1.8 2.0 22 24

T
R=DBRuy(B, — s

1.6
") /BReu(By = pt )




Byja — pppipe JHEP 03 (2022) 109

= Gelden Platinum channel for !
LHC. N
= Normalized to the sd , "

0 w,eit 12
B — J (pupn) p(pupe). e N
UL at 95 % CL: "
B(BSO — ) < 8.6 x 10710 , ’W ut
EX w
B(B) — pppp) < 1.8 x 10710 o 7
— . W "
o LHCb - Daa
S 5iofbt —led 3 . ' ' '
g 4.0.GOSBDT<1.00 ...... Comtinbtaria % 100- '5;190 3
2 s 80fF 0.05<BDT < 1.00 B
= 8 & 60F * Daa E
8 2 :’ F — Total
= g 40F — B I () )]
5 1_ _}g 20 F -+ Combinatorial E
] 0f 5 b ik i
© 5000 5500 . g 0 5200 5400 5600 5800 6000

m(ut ) [Mevicg () [Mev/cd .
Marcin Chrzaszcz (IF) PAN) Rare Decays at LHCb /26 y



Byjq — 7T Phys. Rev. Lett. 118, 251802 (2017)
= NP sensitivity enhanced due to LHCb simulation »
the high 7 mass. £ 0ol L ik g

. ) E 33
= More challenging: at least 2v = *Aa
are escaping. £ ool is
= Selecting 7 — 37, — 9.31 % 6005 o
= Normalization channel: [

5
B — D(Knm)D,(KKr). o o
= No peak in the B mass window Moo a0 60 500 .do?M 1\2/'(/)0]
5 g, eV/c?
— fit the NN output. i
o E‘ o1 LHCb simulation
3 LHCb 8o Bt
1 oy 012 . 1
N9 =) — . .
g 0,14_:*;:;_——?* *t#::é:‘*‘i
S oos- s
‘U: 0.06~
0.04F
Signal regi
002 7 Comirol region
nO OEI 052 0{3 0f4 0!5 0f6 0{7 0].8 0{9 1

0.002 0.004  0.006  0.008  0.01 Neural network output
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Bs/d — ee

= Extreamly rare decays!:

B(BY — ee) = (8.600.36) x 10~
B(B] — ee) = (2.414+0.13) x 1075,

= Analysed 5 fb™" of data.
= Set UL (90% CL):

B(B? — ee) < 9.4 % 107°
B(BY — ee) < 2.5x 107°

1

2]
—
@)

o8]l

06f

0.4f

5
B2 e‘e” branching fraction
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PHYS. REV. LETT. 124 (2020) 211802

Candidates/ ( 120 MeV/c?)
e N
g 8 &8 8

o

LHCb

e

4500 5000 5500

T T T
—3— 2011-2012 data
....... B e'e
— full model
[ combinatorial

B- Xe'e decays

B X, h'e” V. decays
B- h'h'~ decays

m(ete) [MeV/cg

€'V, decays E

6000 6500

Candidates (au.)
o
8

b —Bl. efe 2012

LHCb simulation

—B)- e'e 2012
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B” — K*p~ 1 decay

= B Ky ptis a smoking gun for
NP hunting!

= Rich angular observables makes is
sensitive to different NP models

= In addition one can construct less
form factor dependent observables:

5%
Fr(1-Fy)

Py

= Analysed 4.7 fb! of data.
= Results correspond to 3.3 ¢
deviation in £(Cy) WC wrt. SM.
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w T T
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5 e
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® T T T
< 057 LHCbRun1+2016
SM from ASZB 4
0 i
mﬁ @ a
-+ a @
5 8
S =
_05- 4
. 1
0 5 10

i5
P [Gevcq]



T KT (K507r+) p 't decay PHYS. REV. LETT.126 (2021) 161802

15 T
. ) LHCb
= Isospin partner of previous decay. i ey ]
= Experimentally more chalanging “‘"‘% .

due to the Kg presents.

._l_.
= Analysed 9 fb™" of data. o —‘—T _]_ ﬁ

2T LHCh | T 5 10
[ 9fh-! [Gevz/r

Candidates / (8.5 MeV/c?)

100 05 F + ]
| L
£ ol _L 1 +
< T
% LHCb
-0.5 —+ Data 9fb" 4

SM from ASZB

5200 5400 5600 5800 6000
m(Kdn* pt =) [MeV/c?] 1L , . ) B

0 5 10 15
¢ [GeVY/c]

10 /
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BY — ¢/ f5(1525)u 't decays PHYS. REV. LETT.127 (2021) 151801,
e JHEP 11 (2021) 043

T T

= No self-tagging — not all angular % oF "Trch
s ofb
. ol 1
observables accessible. :
o T r x107 = B 3
os Loy Fuwan! S SRCC AR R0 < e
0gF m— LHCb 3ttt 3 1 M (LCSReLatice) 8 0 e
! o $ T 200F s e
o I (L CSRekanin) g “’U Sty s combinatorial
o8 ) woowes § or E
“y o 5 T o =] S —
02 1 ‘—i—‘a_:—i—'—*—‘ 5300 5400 5500 5600 5700
01f lp ) mW e @ ) ) | 3 m(K*K ) [MeVvicg
5 10 15 % 5 10 15
@ [Geviic] @ [GeviIc] g 200FT ¥ Gaia Thco 3
. .o 3 iz’ — total of! 3
= Tension wrt. the current SM prediction =% — B2 - G5y
=1 E - oombmsamnal 3
1 = 2 ~- other BY — KKy 3
remains. 7} E —- /)~ PR 3
5 B L K3
g
Prof. likelihood g E
O 3
5500 5600 57
m(K*K ) [MeVicy)
& % 90 (K"K pr) - mys & 50Mev LHCD 3
a S sof : 9fb* 3
K1 s
= I
5]
8
=
b
Best fit k=]
O Standard Model §
3 a0 150 1600 - In

00
mK*K") [Mev/c?] n
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Ab — DT J. High Energy Phys. 04 (2017) 029

Part reco 7

I

= First observation of b — d in baryon ¢ a
system! £, u’
. . u
= BDT selection trained on MC .
. d T
= Normalized to A, — p7jfiy
= With futher QCD improvements we will m
be able to to measure ||V“; v
B(Ay—prpp) 044 + 0.012 & 0.007 N§ 350§L;1Cb — Data é
B(R,—prffb) — 012 £ 0.007 2 wop | i
. . o 250 F- — Signal and bkg
5.5 o significance!  First observation. JEgiNa - Ay prdly
S0 f1 Combinatorial
o T < £
2 = E A KJ/
S 3| LHCD — Dua i g 2 »— PKI/y
é — Signal and bkg © ? S ",
s AN 4 - A-pm ] 5400 5600 5800 6000
I I W | IR Combinatorial My / (MeV/e)
3
E
S

B(Ay — prup) =

§ .y.y-lu-l-n
+1 —
eIy (6.9+£1.9+1.1713) x 10
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Search for light scalars Phys. Rev. D 95, 071101 (2017)

= 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 K*
inflaton might be light. m

= Searched for long living particle x P H -

produced in: B — x(up)K.

= Analysis performed blindly as a
peak search.

= Light inflaton essentially ruled out:

LHCb 95% CL_

[SEEVe

As -k

BR(B* - K* 1) x BR( - ')

4000
m(x) [MeV/c?]

24107 2 3 45
m, [GeV/c?]
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B+ — K+ e e+ NATURE PHYSICS 18, (2022) 277-282

= Most precise measurements performed at LHCb.
= Main challenge is due to electron Bremsstrahlung.

% LHCb LHCb
3 —— Data9fb™ — Data9fb™
s — Total fit — Total fit
S woR PNy i B-Kee | M~aob 1} e B - Kty
= BB - JyE'e)Kkt Combinatorial
4] B Part. Reco.
ko] Combinatorial
=2
©
&
O 40f .
b abudad] o] = 1 oty
6000 5200 5300 5400 5500 5600
m(K*e*e”) [MeV/c?] m(K* ) [Mevic?

= To protect ourself from electron reconstruction issue we use
double ratio:

B(B — Kup) x B(B — KJip(— ee))

Ry = B(B — Kee) x B(B — KJji(— uu))

14
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B+ — K+ e e+ NATURE PHYSICS 18, (2022) 277-282

0O 11
= The efficiency correction was = | LHCb
calculated using B — J/iK. 3
= Cross-checked with ol o] —f—
B — 1(25)K. T
= The result: 0%
Re(1.1 < ¢* < 6.0 GeV?/c") = i , , ,
0.8467 0035 70,013 ’ 00 @) Mevig
—~ 14p ) )
ELE LHCb = Disagrees with SM at 3.1 o level.
E 10: gfb‘l % 5‘ LHCbI I iSMprediotlion '
£ sk [} F —=— electrons ofb™ ]
! E k%) F ——muons 3ot
s ° T ;
% af g E
T F & 2F =
- K=l r 4
: 2 f E—
0 T aF R ——
G: 1 1 1

0 5 10 15

20
o [GeVcA
15 /
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BY — K'e e" JHEP 08 (2017) 055
=> The neutral continuation of the R measurement is to measure its

partner:
R, - BB=Kup
K B(B — K" ee)
= Measurement performed
. 2 .
|ntW0q blns. . LA B
= Normalized in double o5 10f . ]
. [1 ¥-mb-e J
ratio to B — K'J/1. 08l ]
e T 1 k
i T |[/0s) 061 1 ]
5 E r ® LHCh
g + BIP i
o) 0.4} ¥ CDHMV ]
‘}71-5 [ B EOS ]
ol 0.2 < av.io 7]
T C;,)Cg(,,) Cf;') ad C‘(g [ LHCD . f({ :
interference| Ln’lgdlstzn(e’ . ool 1]
:m::}h:’“ 0 1 2 3 1 5 6
- q2 [GeV2/04]
4[m(p))? —5q?

= Over 2 o deviation in each bin.
Rare Decays at LHCb
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Bj/B" — K /KTe e

Phys. Rev. Lett. 128 (2022) 191802

= Same strategy as

is LHCD 1 paaon” T LHCD 3 pason® previous measurements.
8 2 B K] 37 B Kopu
i \ | -EC:)minEra:k. Ei Comb. Back.
g N ome Seee] 8 :
i E Results:
: 2 +0.20+0.02
el ] ] ] 10 i == . /
IS TITNE [ 50 cacze RKg 0.66_014 0,04
mKse'e) [Mev/c] MKy ) [Mev/e]
0.18+0.03
€ 7| ' LHCb 3 D;zaafb" E g LHCB i DasQibl‘ Rl(k"' - 07Ot0 13t0 04
% o o ] Zwop —Tod . '
8 e BY L K ee E g B L K
E : -g?Tnkga;} E E z Comb. Back. ] ] ]
2 RS I 1 = Consistent with SM at 20
5y - i
N ] = . 1 level.
x 5500 sgm 100 5600 &, Balle
mKIrree) [Mev/cd [Mev/c] MK ) [Mevie?] [Mev/c?] 11< <60 Gevi/ct
. 2 i R, Belle
= Measurement performed in the low ¢ b st
Ry Bele
regions. —
= The electron decays have been e
observed with significance > 5 o. : . e
R0
7
/26

Marcin Chrzaszcz (IF) PAN) Rare Decays at LHCb

y



B — K'e e’ at low ¢° JHEP 12 (2020) 081
= Use the electrons to measure the

radiative penguing. 5 :; s
= Accessign the kinematic range: ollb a
[0.0008,0.257] GeV?/c™. i

i § lTI )
F;, =0.044 + 0.026 £ 0.014 e
A7S = 0.06 £ 0.08 £ 0.02 -

A7 =0.11£0.10 + 0.02
AP™ =0.02+0.10 +0.01

Afm{)

SIGN SRYSEWARNING:
RADIATION

Constraints at 20 =
X —— B(B— X.y) Hy

h
05 ] 3 B — Kn" :
‘ —— BY— ¢y
B0 Kete-
@{ === Global
00 " /

o DELIBERATLY,RUNS THEIR EXPECTING TO
0—1,0 e oo v o GET;SUPER POWERS cr.crator net
Re(C7/C7)

Im(C3/C)

-1
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D — hhpup

= Extreamly suppressed by GIM
mechanism.

= Dominated by long-range
iteractions.

o 04 T T T o 04 T T T

< LHCh < LHCb
0.4F 9fpt 1 04fF ofpt 1
0.2 Sl 0.2 1
OF —'I'—'—F*L Bl nfq— % 1

-0.2f 4 -0.2f 9

-04f R -04f o KoK

R -
mupr) [Meviel] mupr) [Meviel]
= Because of tagging

(D* — Drrgoy) ONe can measure

angular observables.
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LHCB-PAPER-2021-035, accepted by PRL

1000
-e-Data
800 —Fit
NP~
% 600 WD
2400
10 200}
i
o
¢
T 100 )
'% —Fit
3 NID° - KK -
WO’ -K'K
---Comb. backg.
N S W P

1900
m(h*h ) [Mevicg)

19 /
Rare Decays at LHCb 26‘



D — hhpup

= Extreamly suppressed by GIM
mechanism.
= Dominated by long-range

Iteractions.
< LHCb LHCb
04 be-l = 04r be’l B
02 Sl 0.2 1
0F ¥ ++‘ Bl OA—' i 4
T 1
-02F 4 -02F Bl
-04F 0O ey -04F DO KK
st ‘

500

00 150
i) Mevic]

W60 B0
i) Mevic]

= Because of tagging
(D" — Drryoy ) ONe can measure
angular observables.
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Ao — pup Phys. Rev D 84 072006

= SM predictions: w
0(107%) 11z} u
= Long distance effects: c—>p > > —u
0(107°) Wrvws®
d » d
= Previous measurement done by Babar: u > u
Br(Al — putp”) < 4.4-107° at 90% CL "
T T M L u+
Ac—pup
w w
c—>» > —u
d > d
u » u

. . 1
M(pu*p) [Gevic?] LHCb analysis with 3 b

20
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Ae = ppp

= It's the first observation of
A, — ppp in the w region, with
5.0 o significance.

= The corresponding branching
fraction reads:

Candidates/ (10 MeV/c?)

B(A, — pw) = (9.4 +324+1.0+£2.0)-10"* &

= No significant excess observed
in the nonresonant region:

B(A. — pup) < 7.7(9.6) x 107°

= Improving BaBar result by 3
orders of magnitude!
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Phys. Rev D, 091101 (2018]

60 E
F LHCb E
50 =
wf E
of E
2f 3
w0f o8 3
0 b =
700 900 1000 1100
M) [Mev/cd]
T,
LHCb
observed

~~~~~ expected ]

)

0.6
0.4

02f

20
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Ks — upe

= pp collisions create enormous amount
of strange mesons.

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

B(K = pp) = (5.0 £ 1.5) x 1072

= Dominated by the long distance
effects.

= Bkg dominated by Kg — T

~ 10°F T T
9 E
% 105;, —m'T hypothesis LHCb
= 43 WK hypothesis
S w0k
Z
»
1
=}
=1
]
©
o
1 L

| .
420 440 460 480 520
m,.. [MeV/c?]
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Eur. Phys. J. C 77 (2017) 678

= 1

095 LHCb b

09 -
0.851 ‘ b
0.8 L L

0 1

2 3
B(K{—p ) x10°

= No significant enhanced
of signal has been observed
and UL was set:

B(K — up) < 0.8(1.0)x 10™°

at 90(95)% CL

22
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B™ — K e PHYS. REV. LETT.123 (2019) 241802

S O T T T ]
s 4 LHCb 1
= [ i Data 1
= Normalized to B — Kjfi)(up). & — Sgurany
= Both charge sign combinations g ]
conS|dered BJr — KT pFeT % _:
* 5000 550 6000
02 m(K* ret) [Mevicy
‘ ":‘ L T T ]
s 4 LHCb ]
Resu|tS at () CI_ é [ ig:’igroundonly:
- F ---- Signal model
_ _ = g .
BBt — Km et <7.0x 107" B :
— —C hs} 1
B(B" — K ue™ < 6.4 107" [ ;
4500 5000-. 5500 6000

m(K*ute’) [MeVic)
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B — Kur

JHEP 06 (2020) 129

3 400 + E
) s 350_ LHCb :E:a 3
= Very challanging due to T A . Badkgrond
presents of 7 lepton. 8 x0p E
*0 + - S 200F 3
= Usethe B, — B"K to 3 E
reconstruct the 7 momentum. © 100F 3
= Normalized to B — KJ/ip (). 3 E
< " o " E 5200 5300 5350
g:‘: s ng B onz 3 My [Mev]
g Bof Do E
%z %m, ] % —e— Observed CLs
™ © wf +] 2 ogElNRE Expected CLs median
R mz“‘s P ey [ expected CLs 10
< e C 0.6 [ expected cLs 20
E’: § b §5FEns 05,
5 S 0.4
g : £ . 03
£ 5w g, 02
RS0 01
e[GOV 0O
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3 4
B(B* - K*u1*) x 10°
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Conclusions

Lots of rare decays studied at LHCb.

Observed tensions wrt. to SM in the b — s¢¢ transitions.

LHCb is setting nowadays strongest limits on LFV.

LUV are the cleanest (wrt. theory errors) of the anomalies.

25
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Theory implications

Coefficient Best fit 1o 30 Pullgy;  p-value (%)
o —0.02 [-0.04,—0.00] [-0.07,0.04] 1.1 16.0
cr —1.11 [-1.32,-0.89] [-1.71,-0.40] 4.5 62.0
oy 058  [0.34,0.84]  [=0.11,1.41] 25 25.0
[ets 0.02  [-0.01,0.04]  [-0.05,0.09] 0.7 15.0
cyr 049 [0.21,0.77] [-0.33,1.35] 18 19.0
iy —0.27 [-0.46,—0.08]  [—0.84.0.28] 14 17.0
CP =CN =021 [-0.40,0.00]  [-0.74,0.53] 1.0 16.0
CF = —C}F —0.60 [-0.88,—0.51] [-1.27,-0.18] 4.1 55.0
Yt =Cyy —0.09 [-0.35,0.17]  [-0.88,0.66] 0.3 14.0
CyF = -Cly 020 [0.08,0.32] [=0.15,0.56] 17 19.0
CNF = —C}F —1.09 [-1.28,-0.88] [-1.62,-042] 4.8 72.0
CNP — NP
Y or . e =068 [-0.49,-0.49] [-1.36,-0.15] 39 50.0
= (" = -C)
CNP _ _oNP
P . —0.17  [-0.29,-0.06] [-0.54,0.18] 15 18.0
=Cy" = =Cy

Table 2: Best-fit points, confidence intervals, pulls for the SM hypothesis and p-values for
different one-dimensional NP scenarios.
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If not NP?

e How about our clean P; observables?

e The QCD cancel as mentioned only at leading order.

e Comparison to normal observables with the optimised ones.

3 P 1 3
Angular Observables (S) 1 © Angular Observables (S))
of Angular Observables (P) ] > {7} Angular Observables (P)) ]
1 aen 1 )
b
1h | 1
) P 3
\ \
o | ac i
o ; g o
\\\ ¥ .
-1f < -1
%
-2r -2
-3L L -3 i
-3 -2 -1 0 1 2 -3 -1 0 1 2 3
o o
9 9
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Transversity amplitudes

= One can link the angular observables to transversity amplitudes

2+ 87) 4mj
14 L 2 L 2 R 2 R 2 £ L ,R* L ,R*
N = e AL 1A 1AL + AT ] + Tt Re (aLATT FAfATT)
q
4m2
L 2 R 2 2 2 L ,R* 2 2
Jie = 1A 414017 + =55 [1A® + 2Re(Ag A7 )] + 67 |4s1?
q
BZ
¥ L 2 L 2 R 2 R 2 2 L, 2 R 2
Jas = (1AL 1A H 1AL 1A ] Tae = =87 [14517 +14517]
1 9 L2 L2 R 2 R,2 1 9 L ,L* R ,R*
Jo o= o8 (1AL —1af 1 414007 - 147 Ja= =i [Re(AgAf ™ + a5 AT,
L ,L* R ,R* my L R*
Js = V28 [Re(Agal” — agal ) = —F=Re(A A% + 4] As)],

Ve

Y R ] R ,R* Je L R*
Jos = 2B [Re(afal” —affaln)], Joe = 4By —= Re(Ag A5 + Ag Asg).

Va?

L ,L* R ,R* my L , = R *
Jp = V28, [Im(AGA[" — A A )+ —= Im(ALA§ — AT A,
Va
1 2 L,L=* R ,R* 2 L* L iR%- IR
so= b [Im(AOAJ_ +AgAL )] . Jo = By [Im(AH AL+ A AJ_)} ,
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as (soft form factors):

ADR = VENmp( - 9 [ + 65 F (Co + Cho) + TR (e 4 o5 ] e (B e
APR = —VaNmp (- 9| - 6" F (€1 - o) + 2 - 05 ] e ()
2
N 1—-3
ap? = STEEOE D e o) (g - Clo) + 205 — &) € (B,
2mK*\/g

where § = ¢ /mB, m; =m;/mp. The §| | are the form factors.
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Link to effective operators

= So here is where the magic happens. At leading order the amplitudes
can be written as (soft form factors):

Ai’R = V2Nmpg(1-3) {(CSH + Cgff/) F (Cio + C10) + 7(CEH + Csff/)] €L (Bpx)
APR = —VaNmp (- 9| - 6" F (€1 - o) + 2 - 05 ] e ()
Nmpg(1l - 8?2
Ag’R = -—5 {(Cgff eff/) F (C10 — Clo) + 21y, (C5F — em)} ) (Bpex)s
2mK*\/g

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

Pé = C 7C S TS
2v/=(J5 + J5)(J3 + J3)
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B” — K'u u" kinematics

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

= cos ) the angle between the
direction of the kaon in the K* (K"
rest frame and the direction of the
K* (k*) in the B’ (BO) rest frame.
= cos 0;: the angle between the
direction of the y~ (,u+) in the
dimuon rest frame and the
direction of the dimuon in the B°
(BO) rest frame.

= ¢: the angle between the plane
containing the = and ,u+ and the
plane containing the kaon and pion
from the K*.

Marcin Chrzaszcz (IF) PAN) Rare Decays at LHCb
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B” — K'u u" kinematics

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

4

ar 9 .2 2 .2 2
———————————— = ——|JiesinT O + Jy cos” O + (Jo,sin” O + Jo. cos” O ) cos 20;
dq” dcos 0 g dcos 0; d¢ 32w

+J3 sin? (% sin? 6; cos2¢ + J, sin 20 i sin 20, cos ¢ + J5 sin 20 - sin 0 cos ¢
+(Jgs sin2 O + Jge (:052 O ) cos O + J;sin 20 g sin @) sin ¢ + Jg sin 26 - sin 26; sin ¢

+Jg sin® 0 sin® 0, sin 2¢>] ,

= This is the most general expression of this kind of decay.
= The CP averaged angular observables are defined:

i+

= 2
(dF + dP) / dq
32 /
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Link to effective operators

= The observables .J; are bilinear combinations of transversity ampli-

tudes: AT7, AﬁR ALR

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

APR = VENmp( - 9 [ + 65 F (€0 + Cho) + TR (e 4 05 ] e (B e
APR = —VaNmp (- 9| - 6 F (€1 - o) + 2 - 05 ] e (Byen)
Nmpg(1l - 82
Ag’R = -—5 {(Cgff eff/) F (C10 — C10) + 2mb(C$“ em)} E(Ep*),
ZmK* V3

where § = q2/m23, m; =m;/mp. The §| | are the soft form factors.
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Link to effective operators

= The observables .J; are bilinear combinations of transversity ampli-

tudes: AT7, AﬁR ALR

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

APR = VENmp( - 9 [ + 65 F (€0 + Cho) + TR (e 4 05 ] e (B e
APR = —VaNmp (- 9| - 6 F (€1 - o) + 2 - 05 ] e (Byen)
Nmpg(1l - 82
ApP = B {(Cgff 5™y F (€10 — Clo) + 2y (C5T — em)} ) (Bpe),
ZmK* V3

where § = q2/m23, m; =m;/mp. The §| | are the soft form factors.
= Now we can construct observables that cancel the £ soft form factors
at leading order:

o Js + Js

C TC S TS
2v/—(J5 + J3)(J5 + J3)
33/
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Symmetries in B — K"

= We have 12 angular ccefficients (S;).
= There exist 4 symmetry transformations that leave the angular dis-
tributions unchanged:

Al alr Af
"= (Af*) CoreT (ﬁlf*) P (Aff*) :

n/v — Un, = S?L o [ cosf —sin@ ] [ coshif  —sinhif ]n
T Lo e R sin@  cosf —sinhif  coshif |
= Using this symmetries one can show that there are 8 independent
observables. The pdf can be written as:

1 d(r' + 1)

=2 (31— F)sin’ 0,
d(r + 1")/,;{,12 dcos; dcosfy, d¢ [

- 327
P

+ Fy, cos? 0 + i(l — FL) sin? 0, cos 20;

— Fy, 5052 0), cos20; + S3 sin2 [ sin2 0, cos2¢
+ S, sin 20, sin 20, cos ¢ + Sy sin 26}, sin 0; cos ¢
+ %AFB sin? 0) cos 0; + Sy sin 20y sin 6; sin ¢

+ Sg sin 20, sin 20, sin ¢ + Sq sin> 0, sin> 0 sin 2¢].
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Ab — DT J. High Energy Phys. 04 (2017) 029

Part reco 7

I

= First observation of b — d in baryon ¢ a
system! £, u’
. . u
= BDT selection trained on MC .
. d T
= Normalized to A, — p7jfiy
= With futher QCD improvements we will m
be able to to measure ||V“; v
B(Ay—prpp) 044 + 0.012 & 0.007 N§ 350§L;1Cb — Data é
B(R,—prffb) — 012 £ 0.007 2 wop | i
. . o 250 F- — Signal and bkg
5.5 o significance!  First observation. JEgiNa - Ay prdly
S0 f1 Combinatorial
o T < £
2 = E A KJ/
S 3| LHCD — Dua i g 2 »— PKI/y
é — Signal and bkg © ? S ",
s AN 4 - A-pm ] 5400 5600 5800 6000
I I W | IR Combinatorial My / (MeV/e)
3
E
S

B(Ay — prup) =

§ .y.y-lu-l-n
+1 —
eIy (6.9+£1.9+1.1713) x 10
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Search for light scalars Phys. Rev. D 95, 071101 (2017)

= 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 K*
inflaton might be light. m

= Searched for long living particle x P H -

produced in: B — x(up)K.

= Analysis performed blindly as a
peak search.

= Light inflaton essentially ruled out:

LHCb 95% CL_

[SEEVe

As -k

BR(B* - K* 1) x BR( - ')

4000
m(x) [MeV/c?]

24107 2 3 45
m, [GeV/c?]
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U5 K'u pt decay JHEP 02 (2016) 104, CMS-PAS-BPH-15-008
ATLAS-CONF-2017-023, Phys. Rev. Lett. 118 (2017)

w0

0 - 4. . e F . LHCbdda o ATLASGaa |
= B — K*u " is a smoking gun for o Bd'edaamgﬁ”ﬁi‘f‘;w ]
NP huntlng' SMfromAszB
= Reach angular observables makes

)
. ., e . -0.5 =
is sensitive to different NP models ; g& 3% %
= In addition one can construct less i L m
2
form factor dependent observables: oo
Fof . . .
Pé = T = 85 -t -
FL(]- — FL) o?+
5 3 LHCb
= In single analysis observed 3.4 o ol —
discrepancy in the Cq WC. | L = =
G [Gev/cd]
37 /
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B — K'u " decay

=8’ K'u~ p" is a smoking gun for
NP hunting!

= Reach angular observables makes
is sensitive to different NP models

= In addition one can construct less
form factor dependent observables:

S5

P =

Marcin Chrzaszcz (IF) PAN)
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JHEP 02 (2016) 104, CMS-PAS-BPH-15-008,
ATLAS-CONF-2017-023, Phys. Rev. Lett. 118 (2017)
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Branching fraction measurements of BSO — QUL

i

T 7 +

SM pred.
7 M uide) 3
~SMLQCD 3
Data

- .
= Data (wide

O = N W A LN 0O

T AT

dB(B?—pup)/dg? [10°GeV-2c4]

1
5 10 15
¢ [GeV¥c4]

3
<
&
> 10°
<
S
10?

.

53 54

o S ot T
S Ly I LN
: : i
i - 55
m(K*K ) [GeV/e?]
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https://cds.cern.ch/record/2029820/files/JHEP09-179.pdf

Theory implications of b — st/ JHEP 06 (2016) 092

e Afit 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.

r T T T T =) 3 X Lo
- E

o = 2}

NP
C1Ou
o
P e e
&
;
\ 7
!
| ¥
| @‘ J
J
L “.\\ 7 :
\\
O% @
Tow
2555
Coy
o e
s
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>T2%
et

—q R o -1} \
-2} -2
|
]
-3t -3 !
-3 -2 -1 0 1 2 3 -3 -2 -1 0 1 2 3
NP NP
Coy Coyy
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Observables in B — K"

= The kinematics of B® — K pt decay is described by three angles
0;, 0., ¢ and invariant mass of the dimuon system (q2).
= The angular distribution can be written as:

1 d(r' +T)
d(r + f‘)/dq2 dcos); dcosy, d¢ P

L2
= W[%(l — Fp,)sin” 6y
+ Fy, cos? 0 + %(1 — F) sin? 0, cos 20;
— Fy, cos? 0}, cos20; + S3 sin? 05 sin? 0, cos2¢
+ S, sin 20, sin 20; cos ¢ + Sy sin 20, sin 0; cos ¢
4 k l 5 k l
+ %AFB sin? 0) cos 0; + Sy sin 20y sin §; sin ¢

+ Sg sin 20, sin 26; sin ¢ + Sy sin? 05 sin? 6 sin 2¢].
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Link to effective operators

= The observables S; are bilinear combinations of transversity ampli-

tudes: AT7, AﬁR ALR

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

APR = VENmp( - 9 [ + 65 F (€0 + Cho) + TR (e 4 05 ] e (B e
APR = —VaNmp (- 9| - 6 F (€1 - o) + 2 - 05 ] e (Byen)
Nmpg(1l - 82
Ag’R = -—5 {(Cgff eff/) F (C10 — C10) + 2mb(C$“ em)} E(Ep*),
ZmK* V3

where § = q2/m23, m; =m;/mp. The §| | are the soft form factors.
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Link to effective operators

= The observables S; are bilinear combinations of transversity ampli-

tudes: AT7, AﬁR ALR

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

APR = VENmp( - 9 [ + 65 F (€0 + Cho) + TR (e 4 05 ] e (B e
APR = —VaNmp (- 9| - 6 F (€1 - o) + 2 - 05 ] e (Byen)
Nmpg(1l - 82
ApP = B {(Cgff 5™y F (€10 — Clo) + 2y (C5T — em)} ) (Bpe),
ZmK* V3

where § = q2/m23, m; =m;/mp. The §| | are the soft form factors.
= Now we can construct observables that cancel the £ soft form factors
at leading order:

o Js + Js

C TC S TS
2v/—(J5 + J3)(J5 + J3)
42 /
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Measurement of phase difference  Phys. Rev. D 95, 071101 (2017)
u,d

S

= One could try to measure the phase
difference between the resonances and g T, I/,
the nonresonant amplitudes to see if the
interference is large enough to explain the
effects. . o
= Measured firstly done for the decay
B — Kup.

= The analysis based:

Cgff _ 09+Y(q2) _ Cg+§ :’I’/jBZJiA;-eS(qz) 0002000 r:l[f;‘:] [Mé({’(}[}clj

J 0

LHCb

Re(Cy)

= The amplitudes are modelled

Briet-Wigner and Flatte functions.
= Interference cannot explain the -4
observed anomalies.

2k
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