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Introduction




% Lepton Flavour Universality in the SM

Standard Model (SM): Standard Model of Elementary Particles

three generations of matter

quarks and leptons exist in three
generations with two members each

enmions)
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SM: Lepton Flavour Universality is assumed =~ —— = e e ¢ =
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Tests of LFU probe the validity of the SM £ |80 | 2 || seltne | [ woosen | 3

Some SM extensions include particles that can cause LUV or LFV (e.g. LQ, Z')

Processes with 3rd generation of quarks and leptons (B and T) are well suited for LFU

violation search:

* lower experimental constraints

» stronger couplings to 3rd generation predicted by BSM theories with LFU violation
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(86§ Tests of LFU in b decays

Charged current (Semileptonic decays)
tree-level decays b — clv

* BR of of few %

* precise prediction in SM

* BSM theories predict enhanced
coupling with 3rd generation —

* — interested intesting Tvs u/e

* NP sensitivity up to ~ 1 TeV

b —clv

W-I‘-

b c
B { } D/D*
q q

Neutral currents (Rare decays, RD)
b - sll

* forbidden at tree-level in the SM
— FCNC only at loop level
— BR 107 +10°

* sensitive to NP in loops

* NP sensitivity up to ~ 100 TeV

ol o

Bil , - ™ " h's-cu

b —sstt "

B
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% LHCb detector
Int. J. Mod. Phys. A 30 (2015) 1530022

single arm spectrometer — designed for precision measurements in b and ¢ physics
fully instrumented in the forward region (2 < n < 5)

25% of bb-bar pairs in
LHCb acceptance
so far > 102 bb-bar pairs

large boost — B mesons fly 1 cm

Momentum & Vertices Energy
Vertex Iocato/r Tracking stations Calorimeters | hy DoVy

= ' NG precise tracking — excellent resolution
\ - momentum (Ap/p~0.4% at 5GeV)
-IP (20um for high-p_ tracks)

am 2 - decay time (~45fs) resolution

excellent particle identification

- 1/K separation over 2-100 GeV
(€,~90% for ~5% m—K mis-id)

- powerful muon id
(ap~97% for ~1-3% m—u mis-id)

RICH detectors Muon stations

Particle ID
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LFU violation in b—clv decays




% Semileptonic b-decays — R(D’)

final state with leptons and hadrons

measure ratio of branching fractions (BF)

_ BR(B->D" v, < signal
" BR(B>D"uv,) < normalization

*)
q° = (pg—pp) R(D)

b ¢ . -
B { } D/D* — reduced experimental uncertainties
q q — theoretically clean:

dependence from |V | cancelled
g%= transferred 4 momentum by the W ) ¢ .
to the lepton system partially cancel model uncertainties

SM: R(D*) = 0.252 + 0.003 Phys.Rev.D85(2012) 094025

tau reconstruction: T = uv_ v or: T - 3hv_
main experimental challenge: neutrino(s) in the final state — no narrow peak to fit

main backgrounds:

- partially reconstructed B-decays

- combinatorial background

- mis-identification background

R(D) sensitive to any physics model favouring 3rd generation leptons (e.g. charged Higgs)
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% R(D’) in muonic T decays

T reconstruction: TOU VY,

— signal and normalisation channel have the
same visible final state (Krrrm +u)

separation signal-normalisation using three
kinematic variables sensitive to

- U-T mass difference

- presence of extra neutrinos

miss

/.\\\ E
~_ u

*
D™ 2 = Py Ay

m.. € u(s)

. E*p = E” in B? rest frame

* rT.]zmiss = (pBO-pD* -pp)z

R(D")

BR(B»>D"tv,)

BR(B>D uv,)

* 9% = (Pg,-Pp-)* = squared 4-momentum transfer to the lepton system
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% R(D’) in muonic T decays [PRL115(2015)111803]

Separate T signal from u normalisation with 3D binned template fit
Background and signal shapes extracted from control samples and simulations

T signal

normalisation

Backgrounds:

feed-down from excited D states, double charm (DD), combinatorial, muon mis-ID

; gaf D*tv .
R(D*) =0.336x0.027+£0.030, 1.90 above the SM = g > B*f',;(ﬁ VX)X
Il B - D*uv
Combinatorial
[ Misidentified p

2 — _ N \2 * — ; 0 2 — _ 2
M? es = (PgoPp- -P,) E* = E, in B®rest frame o2 = (Pay-Py-)

,;: I"II']_I.HCb_: ; IIIILHCb ,;: EZU’“'U""'""""""
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;. E
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92 (GeV/e?)
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b R(D")= BR(B»>D"7v,)
[8i{8§ R(D") in hadronic T decays "BR(BAD uv,)

T reconstruction: 77 7" 71" v, o K
T B'—=D"1'v

normalisation channel with same i/ v,
visible final state B° —» D*nrm D’ .
— reduce systematic uncertainties D@ "

.« B ’
measure K= BR(B»D 7V, _ by Az>40:\f

BR(B- D 3x) @ 72
N(D TVT)X ED*3]I X 1

N(D"37)  Cp+rv. BR(733 (") V)

_BR(B»D"7v,) BR(B®*D'3m) 4% precision, BaBar, Belle, LHCb
B BR(B -)D*3Jl’) BR (B~ D u v,) 2% precision, HFLAV 2016

—— .

R(D’)

measured ratio x external inputs

partial cancellation of experimental systematic uncertainties

11
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% R(D’) in hadronic T decays

most abundant background

partially reconstructed B — D *3nX (BR ~ 100x% signal)
suppressed with cut on T decay time, t_

require T vertex to be downstream wrt B vertex along beam direction
Az > 40Az improves S/B by 160

remaining background: doubly charmed decay with non-negligible
lifetime, estimated with BDT

B — DD X, D'D* X, D'D° X ~ 10x signal

— 10 F T T T T T =
< - . . E
~ u LHCDb simulation .
7 B i
% 103 | Prompt (D*7x7xX) _
o - I Double-charm (D*DX) 3
= - B signal (D*7v) .
< 2
O 100 F E
10
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[PRL 120,171802, 2018], [PRD 97,072013 2018]

D*“ Ve
B T
— +
PV Az>40 Az 7T
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S Vi '
% R(D ) In hadronlc T decays [PRL 120,171802, 2018], [PRD 97,072013 2018]

Yields: 2
N(D*3m) from an un-binned likelihood fit to m(D*3m)

%
S
S

=]
=3
) =
H LA B A LA AL RAR LA

N(D*tv) yield extracted by a binned ML fit

* g? transferred momentum to the lepton system
* BDT against double charm background

«t_ against D*D*X

600 E

didates / (1.375GeV?/ %)
E

with increasing BDT output
— increase in_signal purity
— decrease of D*D_component

high BDT D*D* background dominant

R(D*) = 0.291 + 0.019(stat) £ 0.026 (syst) £ 0.013 (ext)
10 above SM

indino | qg Buiseauoul

main systematic uncertainty:
size of the simulated sample

60F 4 Data
E — Total model
S50F B oD Ty,
E B— D"ttv
40 B = D D'(X)
30 :_ -B - DIK_D‘*(X)
E B — D7 31X
20 mmB - D DX
E I Comb. bkg

LHCb average:
R(D*) =0.310 £ 0.016 (stat) £ 0.022 (syst)
2.20 above SM

0 0.5 1.0 1.5 2.0 O 2 4 [ 8 10
1. [ps] ¢* [GeV¥ et
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({68 R(D) and R(D*) results

BaBar had. tag

0.33240.024 +0.018 —

Belle had. tag
0.293 +0.038 +0.015

Belle sl.tag
0.302£0.030£0.011

U1 1]

BaBar, PRL109,101802(2012) S
Belle, PRD92,072014(2015) Ay” = 1.0 contours
LHCb, PRL115,111803(2015)
Belle, PRD94,072007(2016)
Belle, PRL118,211801(2017) R(D) = 0.299 £0.003
LHCb, PRL120,171802(2018) R(D*) = 0.258 +0.005
Average

R(D*)

Belle hadronic tau o i
0.270£0.035 £0.027 f g 0.45

LHCb muonic tau i i

0.336 +0.027 +0.030 ; : A
LHCb hadronic tau i 04
0.291 £0.019 +0.029 : —t

= Average of SM predictions

Average ! i
0.306£0.013 £0.007 i 1
: : 0.35

SM Pred. average i
0.258 +0.005 =

PRD 95 (2017) 115008
0.257 +0.003 - 0.3

JHEP 1711 (2017) 061
0.260 £ 0.008

JHEP 1712 (2017) 060 0.25
0.257 +0.005 |

HFLAV 0.2
| 1 1 1 I 1 I | 1

0.2 0.3

4o

20

HFLA

P(R) = 74%

0.2 0.3 0.4 0.5 0.6

l
1111

z
\>

R(D*)

3 experiments, six measurements — all R(D*) measurements lie above the SM
expectation (0.258 + 0.005)
[PRD95, 115008 (2017)], [JHEP 1711 (2017) 061], [JHEP 1712 (2017) 060]

R(D~) world average: 3.0 o above SM prediction

combining R(D) + R(D*) measurements: overall tension with SM of 3.80
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BR(B.,»>J/ytv,)
BR(B!»J/yuv,) PRL 120, 121801 (2018)

% R(JW) results  R(J/y)=

R({//p) : test of LFU in semileptonic decays with a different spectator quark “OH B gy

T reconstruction:  7u v, v,
final state with three visible muons
— first study of the semitauonic decay of B,

analysis strategy as in R(D*) decay time as 4th discriminating variable “

I w
(=) S
S (=)
(=) (=)
rlJr'

[\
=
(=]
(=)

Candidates / ( 0.6 GeV?*/c*)
s S
(=] (=)

T S =
A5 E As . 3 E
=5 5 1 0.5 1 1.5 2 0 I 2 3 4 5 6 7.
m? . [GeV?/ct] decay time [ps] Z( qz,Eu )
main backgrounds: B — J/w + mis-ID hadron Dt v
. . ata c > Jyutv
systematic: MC sample, B* —J/y form factors Mis-ID bk, B /v -+ comb. bke.
= [ J/w comb. bkg. B 3. > JvH!
— first evidence (30) of B*_ - J/y T v_ W 5 -y,

SM prediction 0.25-0.28 (form factor uncertainty)
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ﬁ’ﬁ% LFU tests in b— s/l transition

i
h)

decay not allowed at tree level B H

— highly sensitive to virtual particles and interactions + > .

- NP effects can be sizeable compared to b ‘\\ ; / 5
the b—sll SM amplitude Wy -

- probe models with e.g. charged Higgs, Z’' bosons or leptoquarks

_|_
comparison of decays with different leptons in the final state allows to probe NP involving ~ #
LFU violation among different generations

) > K"
R(K()):BR(B K )y 0(107%) +0(107%)  EPJC76 (2016) 8, 440

BR(B-)K(*)ee)

neglect lepton mass QED

measure R as a double ratio to reduce systematic effects
due to differences between electrons and muons

R(K®)= BR(B>K”uu) BR(B3>K"J/y(>ee))
BR(B>K"J/y(»uu))  BR(B>K7ee)

but electrons are difficult to measure at LHCb: trigger, Bremsstrahlung ...
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b . ]
%‘] R(K*) - B— K'(=K*m) Il JHEP 08 (2017) 055

electrons
E = LHCb
= : 102
] 10
T R BT S-S SN Sar s | 1
5500 6000
m(K*m~utu) [MeV/c?] m(K*me*e”) [MeV/c?]
3 80 T T T T - N\U 35 — r . . T .. T . T 1 T =
> 0 LHCDb E > LHCb g
< N i B'—K ut- 3 s 0F B’ >KCete
- I Combinatorial 3 X 25 I Combinatorial —
g >0 E g 20 B—Xe e =
— 0 *0) =
% :g E 3 15 Bl B -K Uy 3
3 1.1<q><6.0 [GeV¥c*] 3 S 10 {_ \[ 1.1<¢?<6.0 [GeV¥c*] 3
:'5 20 = :'5 'Y / -
g I E g 5 0"' _:
SER £ $ fIalt] ! 5
L SE e e T T 3 & SEe T T T —
Z 0 - L e oy T oL — 3
[ 3 o
5200 5400 5600 5800 4500 5000 5500 6000

m(K*z-utu~) [MeV/c?] m(K*mete”) [MeV/c?]
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(8] R(K*) - B K (=K*m) I

JHEP 08 (2017) 055

Event yield obtained from simultaneous fit of M(Kml/) to the J/w and non-resonant channels
in two regions of g2: [0.045-1.1], [1.1-6.0]

<
c
@)
-
7

low gq?> 285+18

90 '
30 LHCb
08 A B 0_> K 0 ﬂ + ﬂ7
60 [ Combinatorial

0.045<¢?<1.1 [GeV*c*]

Pulls Candidates per 10 MeV/c2
S

SE o T T 3

0 ---------- T T e e - —;

B 3
5200 5400 5600 5800

m(K*mu*u) [MeV/c?]

Electrons low g? 89+11

25 LHCb

wE b e B°—K Cete
[ Combinatorial
15 B—Xete

0.045<¢%<1.1 [GeV*/¢*]

} g

.......

Pulls Candidates per 34 MeV/c?2
>

1.1<¢?<6.0 [GeV?/c*]

central g2 353121 Sy 274000
x10°

80 T . T T T _: T T =
I LHCb 3 LHCb E
Zg M . BO—>K*0,LL+,U* E ...... BO—)K*OJ/W —;
[ Combinatorial 3 B Combinatorial 3
] 3 KUY
40 E BB KTy =
zg 1.1<¢?<6.0 [GeV¥/c*] : —
10 = E
5 et Al il i 3. M s e e T ——
0 prmeer e e e e T T e e T e e

55500 5400 5600 5800 5600 5800
m(K*m-u*tu) [MeV/c?] m(K*mutu-) [MeV/c?]

central g2 111114 J/y 58000

» | LHCb I R LHCb 3
o0kl L B—K et 70006 f L B K Iy 3
25 I Combinatorial -3 6000 [ Combinatorial _g
B—oXete  § 00 AOKBIly
» - Bk Oy 3 — Bk, 3
15 VoS 3000 _Ee Vo3

5500 6000
m(K*mete”) [MeV/c2]
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5500 6000
m(K*mete™) [MeV/c?]
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% R(K™) results

RK*U
—
o

0.8

0.6

0.4

0.2

0.0

JHEP 08 (2017) 055

T L L L L L L L 2.0 L — — T T T T 1 T T T T 1 T T T 1

e R 1 T 0 ]
K ‘ | 1 I ; : L :
_— . LHCD —_ 10 __. ............................. J ........................................................ i
. BIP [EPJC 76 (2016) 440] BIP i - il
- v CDHMV [JHEP 04 (2017) 016] ¥ CDHMV ] FB—I—( | :
; ,E.Siil,i*gﬁﬁ? ol gf?ﬂgﬁJ = oE0s 0.5  mBaBar [PRD 86 (2012) 032012] @ LHCb ]
L LHCL  ® IC [PRD 93 (2016) 014028] : féa"'lo_: - 1A, Belle [PRL 103 (2009) 171801] : 331113“1' '
R BTN B S R T B S SR R R B R 0 O B . . . . | T | . el el T
0 1 2 3 4 5 ) 6 0 5 10 15 20

¢ [GeV=/c]] ¢* [GeV?/ct]
+0.11 2
Rex — 0.66" 3 57(stat) £0.03(syst), atlow g° (~ 2.20 below SM)

0.1
0.69+0_07

(stat) £ 0.05(syst),

at central g% (~ 2.40 below SM)

Most precise measurement to date, compatible with BaBar and Belle

statistically limited by the electron sample

Kruger 2018, December 3, 2018
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z R(K)_BR(BJF-)KJr‘LLM)
%‘] R(K) results BR(B'»Kee) PRL 113, 151601 (2014)

measurement in central g2 bin 1-6 GeV?/c*
3 fb, dominated by statistical uncertainty of electon mode (172 events)

-o-LHCb -m-BaBar —a—Belle

4 2 R e R e T T 1 T 7T
e - LHCb [PRL 113 (2014) 151601] i
- Babar [PRD 86 (2012) 032012] LHCb -
1.5 Belle [PRL 103 (2009) 171801] _
I + SYR
0.5 ]
1 P U T T T

0 &) 10 15 20

g2 [GeV?/c4]
R(K)=0.745"2" (stat) +0.036 (syst) ~ 2.6 o below SM prediction

SM prediction for R(K) = 1.00 £+ 0.01
[Bordone, Isidori Eur.Phys.J. C76 (2016) no.8, 440]
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% Prospects for LFU measurements at LHCb

aim to perform complementary LFU tests:

* b —= clv transitions:
R(A*), R(D,), R(D*) and others

* b = ulv transitions:
R(rtrr) = B(B*—nnitv) /B(B*— nruv) and others

* b - sll transitions:
R(Knmr), R(pK) , R(¢) , R(A,) are analysed

direct fit to AC*° and others

— update of R(K), R(K*), R(D*) and R(J/y) with
Run 2 data is currently on-going with four times
more statistics

— expected improvement on statistical and systematic
uncertainties
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% Conclusions

Tests of LFU are excellent ways to look for new physics
in @ complementary way w.r.t. direct searches

Tests of LFU in heavy flavour physics show a
tension with the SM predictions that seem to form a
coherent pattern:

ratios of branching fractions in b—clv and b-sl/
- 3.80 tension in R(D) and R(D*)
when combining BaBar, Belle and LHCb

PRL115(2015)111803, [PRL 120,171802, 2018], [PRD 97,072013 2018]

- ~2.50 below SM prediction in R(K™) at central g2

JHEP 08 (2017) 055, PRL 113, 151601 (2014)

* 3.40 from angular distributions of B°-»K™ uu
JHEP 02 (2016) 104

— anomalies in both b—clv and b-sl// decays could
be described with same New Physics models

many more new or updated measurements in the pipeline
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% Tests of LFU

LFU is established in the decay of light mesons, e.g.
n->1v, Komnll J/jw-Il, y-I

UE N

+ * + !
e W r== W g,/g, = 1.0023+0.0016

e i

LEP measurements of decays W — /v and Z — Il confirm LU, however there is
some tension in W - TV

From PDG From PDG
£ | W+ —tv | Fraction (I'i/T) £ Z —{t- Fraction (['i/T)
W oty | (10.71£0.16)% V4 eter  |(3.3632:0.0042 )%
why [ 1063£015)% | W | (3:3662£0.0066)%
vy | oty | (1138 +021)% oo | e [(3:3696:0.0083 )%

any violation of LFU — hint for New Physics

LHCb: search for LFU violation in processes including third generation of quarks and
all lepton generations
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% LFU tests in b— s/l transition

decay not allowed at tree level B H
— highly sensitive to virtual particles and interactions * 7 *
. b \ t , S
- NP effects can be sizeable compared to S W
the b—sll SM amplitude el .
- Can probe models with e.g. charged Higgs, Z' bosons or leptoquarks
_|_
7
fj}l
T
= 'S @d I
E - @ /:.' s E -+ "EEET - 5
B° k° B° K
d d d d
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% R(K(*)) g|0ba| fit PRL 113, 151601 (2014)

Global fits combine all b—sl/l observables and suggest a coherent NP pattern with a
shift in C, (C,&C,,)

3 _I T T LS T ' ¥ T T I_ ) 'Jj
| [JHEP 01 (2018) 093] ) : 15{ [PRD 96 (201%) CoSuy 4
2} / ' v :
[ P : AT
[ e ' 1.0 - -
[ iy - - -
[LFuUV Ja B
| ——
[ Q
[ A 0.0
-1
[ —0.5 == . = )
=21 o LFU observables
[ = b — sup global fit
3: : ] —1.0 flavio adl H
S e e e B o peas § g peeg oy B e i Pepes o o P e avio ——=all, fivefold non-FF hadr. uncert.
_3 _2 _1 0 1 2 3 T T T |I T T
—2.0 —1.5 —1.0 —0.5 0.0 0.5 1.0 15
NP
Col Re C¥

combination of R(K*) , R(K) is ~4c from SM

b—suu BR and angular observables are in agreement with LFU tests
— considered together the tension with SM further increases

Kruger 2018, December 3, 2018 Katharina Muller
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)\ i .
% R(D ) In hadronic T deCayS [PRL 120,171802, 2018], [PRD 97,072013 2018]

T reconstruction: T 1 TV, R(D’) BR(B»D 7V,
main background: = -
9
B° — D*nnnX, suppressed with T decay time, t_ BR (B D u V“)
B — DD(S)X, suppressed with BDT

yields are extracted by a binned ML fit on q ?, BDT and t_

fit to the invariant mass of the D*D*_ pair for sample enriched in B—D*-D* (X)
the D*D~ (X) data control sample, with D* —3

S
o)
e

180 ® Data

160 = Total model 2000 —¢— data

140 B> DD} - Non-Dj background
BE s - DD

120 ! 1500 Other D} decays

B*— DD (2317)

100 B° — D*~D7(2460) B o: - e npe

80 - B = D**_‘OD:X 1000 - D: N 1]'71:*‘, n’p"’
60 B> D DX
[0 Comb. bkg. 500

N
o

Candidates / ( 24 MeV/c?)
III|||||III|III|III|IIIIIII|III|III||III
Candidates / (40 MeV/c?)

IIIJIJIlIII|JIJ|IIIIIJIIIIIlJIJ'III'lJII
lIlI||l|l|lll||lllI|ll

=

0 300 400 500 600 700 800 900 001100 1200
min[m(z*7)] [MeV/c?]

=]
o O

N -, s e —__

4000 4500 5000 5500
mD~rn*rn ) [MeV/c?]

o
e

Kruger 2018, December 3, 2018 Katharina Muller 29



% R(D®) in muonic T decays

R(D )_BR(B»D*M v} [PRL115(2015)111803]

[
T T

MC truth

T
Y
Y \
N\
“

Arbitrary units
NN
OO
NN
NN

Arbitrary units

B-D*uv 0.4f

B-D*tv

e
—

02k % 2555

o0— TP .
0 5 10

m?2, (GeV/c)?

10
Q2 (GeV/c?)

o
o
<

0.6

units

Reconstructed

ooy
NN

[

(=)
=
u.l T T

S
o}
=

Arbitrary units
Arbitrary units
X, \\ OSSN

©
—
Arbitrary

0.4

e
s

004

OO

N,
SO

e NN

0_05- 0-02-

..
R

\f\\\\\\\\\\§§\\§§§\\\\\\\\\\\§. Qii\\\
PePR T O O e e a0 0 0 e 0t NN
| XXIXEAKKIHX IR KX,

AR
\\ \

[ ISRREIIEE
X
RN

ol

z ok A A
10 500 1000 1500 2000 2500 0 5
m2,  (GeV/c)? Eyw (MeV/cD) q? (GeV/c2y*

—
<

No information on initial B momentum
B momentum direction: unit vector to the B decay vertex from the PV
component of the B momentum along the beam axis: (p; )z=m/m__(p__).

m___and p___ from system of reconstructed particles

reco reco

— simulation: approximation still preserves differences between signal, normalization and
backgrounds
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% Theoretical predictions

Test of LFU in b = clv decays with a different spectator ¢ ¢ c
quark using large B*_sample available at LHCb Bj
; > =\\ > %
BR(B™J/ytv A
R(J/y)= (B I/ j) =0.25—0.28(SM)
BR(B~J/yuv,)

Interval is due to form factor uncertainty

[PLB 452 (1999) 129][arXiv:hep-ph/0211021] [PRD 73 (2006) 054024] [PRD 74 (2006) 07400¢
Lattice calculation is in progress

Kruger 2018, December 3, 2018 Katharina Muller
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% Angular analysis of B°-»K™uu

NP models which explain observed discrepancies in R(K(*)) predict anomalous
behavior in the angular distribution of B — K*°uu decay

Decay amplitude can be described using g and
three angles 6,6, and ®

Model independent parametrization of NP

# = Zau+(E CO;
s (2 . [GeV] > Annu. Rev. Sci. 65 (2015) 113

Effective Hamiltonian

. - . QCDF 4 —» OPE
C.: Wilson coefficients describe 2
. . . . hoton broad ¢
interaction at high energies ole resonances

O.: operators describe low ] o« mmowe —»
! 07 - 0o 7 resonances
energy effeCtS interference
1 1 1 1 | :l 1 1 1 | 1 1 1 1 :lj 1 1 1 1 |
0 5 10 5 20
g% [GeV¥/ c¥]
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% The P. anomaly
JHEP 02 (2016) 104

P." is one of the variables the differential decay width can be parametrized
it is designed to reduce dependencies on hadronic form-factors

JHEP 02 (2016) 104

o | L

a

L SM from DHMV

0.5 * LHCb Run 1 analysis
il + o Belle arXiv:1604.04042

of -
i —}H {' ]
.]{J T Sl I 1|U L ]|5 L

¢ [GeV¥c?]

Global fit at 3.4 o from the SM prediction

explainable in terms of:
- SM charm-loop effects
- New Physics
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% The P’ anomaly

JHEP 02 (2016) 104

P." is one of the variables the differential decay width can be parametrized
it is designed to reduce dependencies on hadronic form-factors

-= ATLAS
s LHCb
—— Belle

theory JG

“F'HC’_#F}:W- :
)

L I R DL I
{s=8TeV, 2031

CFFMPSV fit
theory DHMV

go 15

I]Jlllllll]]llllllIJJlllIIIIJJl

1 I 1 L | 1 L | 1
2 4 6 8

O

ATL-PHYS-PROC-2017-233
arxiv:1710.11000 [hep-ex]

Kruger 2018, December 3, 2018

q° [GeV?]

Katharina Miller

CMS Preliminary 20.5 b (8 TeV)

[ ¢ SM-DHMVY
[ ¢ SM-HEPfit }
—a— CMS

—=— LHCb

—— Belle-preliminary

-

1

S

0.5

0

-13_ e :::.'-.'-
_1|5:|||||||||||||||||: I LTI N R A RN I
0 2 4 6 g 10 12 14 16 18 20
g% (GeV?)
CMS-PAS-BPH-15-008
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% Angular analysis of B°-»K™uu

Parametrization of decay width:

d(r+rl)qu2 ddg;? = %[%(1 — FL)sin2 0, + F, cos? 0,
+1(1— FL) sin® 0, cos 260y — F, cos? 6 cos 26,
+55 sin® O sin® 6, cos 2¢ + 5S4 sin 26 sin 260, cos ¢
+/Fi(1— FL)PLsin20,sin0; cos ¢ + 3 Ars sin® O cos 0,
+57sin 20 sin By sin ¢ + 5z sin 20 sin 20, sin ¢
+5q sin® B sin” 0 sin 2¢)]

with F , A, S, =f(C"_,CO,,CO. ) combinations of K- decay amplitudes

FB’

Theoretical uncertainty on hadronic form factors = reduced by moving to optimised
observables, e.g.

o _ 5 Re(AfAL ABARY .
5 — j—
\/\Ao\z(mﬂz + |A1?) VFL(-F)
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