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Many interesting results, only list some of them...

(Very) rare decays
« B> utu " ,BY > utuy= & BY » utuTy [LHCb-PAPER-2021-007, in preparation]
* BY - putuT & B2 - futu”  [LHCb-PAPER-2021-014, in preparation]

Angular analysis
« BY > K*Ou*tu™  [PRL125(2020) 011802]
 BY - K*fu*tu™ [prL126 (2021) 161802]
« B 5 K*0ete™  [HEP 12 (2020) 081]

Lepton flavor universality (LFU)
* Ry  [arXiv:i2103.11769]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802
https://link.springer.com/article/10.1007/JHEP12(2020)081
http://arxiv.org/abs/2103.11769

Rare decays
 Indirect search of New Physics (NP)

Flavour Changing Neutral Currents (FCNC)
« b - sl™l™ transitions
« process exist only at loop level in the Standard Model (SM)
« (very) low branching fractions, sensitive to NP contribution
 described with effective field theory (EFT)

Measurements as function of g% = (m(ll))?, sensitive to different
operator contributions (Wilson coefficients ¢{”, ¢{” and ¢{)))
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« Measure with Run 1 and Run 2 datasets

[LHCb-PAPER-2021-007,
in preparation]
« Searchfor BY - utu=,B® > utu~and B » utu~y

* Very rare decay (B~0(107?)), y comes from radiative tail in ISR (Iarge momentum) & FSR photon
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i - ih di ATLAS, CMS, LHCb - Summer 2020
- First search for BY - u*u~y,sr at high di-muon mass 06p ummer 2020

* Theory predictions [JHEP 10 (2019) 232] 2 0“ f;‘*f;““;‘g?;dm E
B(BY > p*p~) = 3.66 x 1079 3o

B(B® —» utu~) = 1.027 x 10710 J D

* Recent status still compatible with SM predictions q 0"'1:_ E
B(B°—>,u,u)_269+8§§><10‘9 AANVAN ) ) )

B(B® - utu~) < 1.9 x 10710 @95% CL 1 " BB = ) (107

[LHCb-CONF-2020-002, CMS PAS BPH-20-003, ATLAS-CONF-2020-049]
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https://arxiv.org/pdf/1908.07011.pdf

[LHCb-PAPER-2021-007,
in preparation]

* Result agrees with SM prediction o -
0 +,,—\) — +0.46+0.15 -9 = LHCD |
B(BY - u*u~) = (3.09X845%8:13) x 10 © s ML
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[LHCb-PAPER-2021-007,
in preparation]

- Effective lifetime measurement of B I A T R R
- provide theoretically probe of NP close to SM prediction ool PUIH
. 0 . 0.6
only heayy B; decays _|n SM _ T o
* acts as eigenstates of light and heavy, related to short-lived < o2 ’
- . pp =m/4
(CP-even) and long-lived (CP-odd) components respectively ; M .
. - 02 | Non-scalar
+ unknown mixture of CP-odd & CP-even states Jooa L [NPCY), ¢l
—0.6 i /
. . . 08t :' | == |S], @s free; |P|=1; op=0 |
- Effective lifetime t(B2 - u*u~) =2.07 £ 0.29 + 0.03 ps vop— s D orive 810101 =1 0tk
* Result agrees with SM prediction_ [PTEP 2020 (2020) 8, 083(201]_ o508 NS J,Lm-‘j‘} Bn_i_fwﬂ T
« comparable at 1.50(2.20) with CP-odd (CP-even) eigenstate [PRL 109 (2012) 041801]
%: 105_ T ILHCb I;rellimilna;yl - 3 %: 10 ] ILHCb I':’rellimlinalryl - 3
= 2 9.0 fb! ; = F 9.0 fb™! E
> 8_ 0.35<BDT < 0.55 7 8t BDT > 0.55 E
% 6F 2 6F -
R 4
3 2F < 2E
7o -+ : R:
o5 10 15
Decay time [ps] Decay time [ps]
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https://arxiv.org/pdf/1204.1737.pdf
https://academic.oup.com/ptep/article/2020/8/083C01/5891211

[LHCb-PAPER-2021-014,
in preparation]

« Measure with Run 1 and Run 2 datasets s s
. . .- 0 _
- previous result has ~3o0 below SM prediction at low g* BSB t ;b
e Y L A B R S A R S R B \\\ /’
< B LHCb 3 W _
E 75_ SM pred. _E ZO,’Y #
OPS 6 f_{ * Data _z M+
— SF g
s mm T s
s
- 5 clear signal after full selection
%/ 0= ST s T 18 R e TR i
[JHEP 09 (2015) 179] ¢ [GeV3ct) T e prelimigaly i .oV 2 sl ] g0t
- Normalization mode: BY — J /¢ S 11 [ o
4 12 REREEEE: :
« Measurement strategy T o e
foabecrat e 102
dB(By = ¢ptp™) _ BBy = W) x BUb = pp7)  Newru-  Eope §
dqQ N qgls.x - qglin NJ,.'[W'{D Eputpu— 4 :- 10
2
B BIJ [+ — B(d K+K— Neoyo vy 2 D T T
(Bs = fop™ p7) = B(Jfp— ptp”) x (o— ) w _JapteT o CIe 05200 5400 5600 5800

B(B!— Jjb¢) B(fy— K*K~)  Nywe  €gu+u- m(K K~ u-) [MeV/c?]
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https://arxiv.org/pdf/1506.08777.pdf

[LHCb-PAPER-2021-014,
in preparation]
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« In the range of 1.1<q%<6.0 GeV?2/c* 2 ok Preiminay 5
+ 3.60 below SM prediction (LCSR+Lattice) pri 112 2014) 2120031 2 m? - E
 1.80 below SM prediction (LCSR) [PoS LATTICE2014 (2015)372] < | — B s g

20 ¢ | 0 comb.bkg. 3

dB(B? —» pu*u- 2 of ;

(Bs f“ i, = (2.88 + 0.21) x 1078 GeV?/c* I -
dq 0 5500 - ISﬁOD I 5700

m(KK utur) [MeVicl)

- Branching ratio integrated over g2

B(BY - putu~ % 14 [HCL | FLHOOA
( SO ¢‘u I'l ) — (800 i 021 i 016 i 003) X 10_4 i 12_ Preliminary : ;‘II;I{C(ECBISHEHLNI&{:E:)
B(BS _>]/¢¢) 3 T | SM (LCSR)
‘f: 105— SM (Lattice) |
B(B? - ¢putu~) = (8.00 £ o.Tz1 + O.Tl6 + o.To3 + o.?9) X 1077 :E daoh Iy w@s) E
65 | =
stat.  syst. q? extrap. norm. i Al | - :::EE
+% 2?— i —f
- Need more Theoretical inputs... T o | L g ]
o 5 10 15
3 ¢? [GeVZ/c*]
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https://arxiv.org/pdf/1501.00367.pdf
https://arxiv.org/pdf/1310.3887.pdf

[LHCb-PAPER-2021-014,
in preparation]

- First measurement of BY — £, (1525)utu~

q? [GeV?/c]

14 bt e 10°
- 2-dimentional fit to separate S-wave and P-wave g .
contributions of £, (1525) (distinguish signal) g s

10

- Observation with 9¢ significance R v
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.......

1
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https://arxiv.org/abs/2009.06213
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-020-08792-0

« Fully-described decays by 4 variables g2, angle Q = (6;, 6, ¢)

dI'[B = K" uu] .
dg?ddl 3znZ’ ()@

I (qz) angular coefficients, relates to amplitude A |

fi(ﬂ). angular functions

« CP-asymmetry observables: A;

« CP-averaged observables: F;, Arg,S3_9

* Optimized observables reduce form-factor uncertainties Pi(')

Pg = 55/\/FL(1 —F1)

.y
o

Weighted candidates /0.1

b
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T

=

-0.5
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0

0.5

1
cos Oy

[LHCb PAPER-2020-041]

40

* Measurement CP-averaged observables from fit
to data
c exp.BY > K*tutu~

Weighted candidates /0.1
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B% - K*%u*u~ [pPRL 125 (2020) 011802]
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« Updated with Run 1 + 2016 data

» Global tension of 3.30 with SM Re(C,)
g% €[0.1,0.98] U [1.1,8.0]
U [11.0,12.5] U [15.0,19.0]GeV?2 /c*

)

LHCbRun1+2016 1 |
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With full Run 1 + 2 data
First time for full sets of CP-averaged

observables

Confirm the global tension with SM of 3.1¢
g? € [0.1,0.98] U

U [11.0,12.5]
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.011802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.161802

« Angular analysis of B® - K*%ete~ . ¢ ) e
« Measure with Run 1 and Run 2 data W e u/c/t e
b s b 3

2
* 4 angular observables: FL,A(T),A’m,andA’;e 3 e/t NK*O 30 faoat 11{*0

d

d

« First measure at very low g? region [0.0008, 0.257] GeV? /c* to suppress b — sy,..q; contribution
* Result consistent with SM  [PRD 93 (2016) 1, 014028] [Nucl.Phys.B 854 (2012) 321-339]

F, = 0.044 4+ 0.026 + 0.014, AR¢ = —0.06 + 0.08 + 0.02

AP = 4011+ 010 +0.02,  AY" = 40.02 +0.10 + 0.01
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= 60 B Bk e ] S 2 g
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https://link.springer.com/article/10.1007/JHEP12(2020)081
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.014028
https://www.sciencedirect.com/science/article/pii/S0550321311004998?via%3Dihub

- A%, Alm sensitive to photon polarization (€ ") at
very low g2

2Re (C7C’*)

A(z) 2 D _ Z
A A RN

. 2Im (C7C’*)

Imy¢ 2 7

A0 = e e

- Measure the polarization of B® - K*° y with both
real and imaginary parts

Im(C%/C)

* Provide the world’s best constraint on b — sy
photon polarization, consistent with SM  [1HeP 04 (2017) 027]

Re (Ar/AL) = 0.0540.05
Im (Ar/AL) = 0.01+0.05.

[JHEP 12 (2020) 081]

1.0 \I
] I\-.
05
| /ism);
0.0 \ tj /
_0_5__- /
] I
| flavio v2.0.0
—-1.0 —0.5 0.0 0.5 1.0
Re(C%/Cy)

[PRL 109 (2012) 191801]
[PRD 91 (2015) 052004]
[PRL 123 (2019) 081802]
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Constraints at 2o
B(B — X.v)
BY I{gﬂo’}'
— Bl—=

—— BY 5 K*Y%¢Te™
----- Global
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https://link.springer.com/article/10.1007/JHEP12(2020)081
https://arxiv.org/abs/1207.2690
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.052004
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.081802
https://link.springer.com/content/pdf/10.1007/JHEP04(2017)027.pdf

» Test of lepton flavor universality (LFU) Bt

qgnax dB(B+ - K+,Ll+[,l_) qu
p Umin dq? M1+ 0(19%) oM
K — 2 + +,ot+p— -+t L

fqmade(B - Ktete )dqz

2
Qmin qu x

- g? € [1.1,6.0]GeV?/c* o

 Updated measurement using a full Run 1 + 2 dataset ] }
- following essentially identical procedure -

@ LHCb [PRI
0.5— LHCb Run 1 [f

* previous result in tension with SM prediction at S st b
level of 2.5¢ [PRL 122 (2019) 191801] | S

» Challenging due to bremsstrahlung radiation e
- significant portions of energy loss for electron .=~

- different trigger strategy for muon and electron

* recovery algorithm in calorimeter

0.2

Tail due to missed

ECAL i E
L upstream brew 1

resolution™]

e

6

0.0

4.6 4.8 5.0 5.2 5.4 5.6 oo
m(Kntf) [GeV/c?]
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http://arxiv.org/abs/2103.11769
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801

Ry measurement at LHCb [arXiv:2103.11769]

_______________________________________________________________ N

. Measurlng Ry with
ey’ uru~
N are g e €

grare control control

M u- ge+e‘
rare €rare control control

. extracted as a parameter of a simultaneous fit of muon &
electron modes

Ry =

o —~ 240
}, 600F LHCb U 220 LHCb
% 500F — Data 9 fb” 2 200 B — Data 9 fb'!
= L — Total fit = 180 — Total fit
T a0 F Y} B'— K = 0BRGN Y e B K+€+e; +
= - Combinatorial — 140 BB vk
2 300F n 120 B Part. Reco.
3 : + o+ - g 100 E Combinatorial
= 200F NK*u*tu™) 2 80p .o
g o = 13850 + 70 = 60 N(K e e )
“ ook B - S 40F = 1640 + 70
: 2087 TGk '
( B e — i -, 0 L - eyl
5200 5300 5400 5500 5600 5000 5500 . 6000
m(K i) [MeV/c?] m(K e*e”) [MeV/c?)

Yanting Fan Rare decays at LHCb | Pheno 2021 16


http://arxiv.org/abs/2103.11769

Ry measurement at LHCb [arXiv:2103.11769]

_______________________________________________________________ N

t LHCb simulation
e SR B'—=K'ete

 Measuring R with /..\ R
N#;rlvé_ ete Ne+e_ urpT :

o= BT KTt
B — Jy(e e ) KT
B — Jyuru)K™

=]

grare control gcontrol of P
R = . . . R 0 0.1 0.2 03 0.4 0.5
K= Nete Twu\yiH sete 1
—~ 11
rare Epgre control <control 2| LHCb
~_Losf
* extracted as a parameter of a simultaneous fit of muon & et {
electron modes
0_9({ Dll D,IZ 0?3 Oil 03
a(*, 1) [rad]
v LHCh ) LHCb
> 10 E ~+Data 4 bt = —+Data 4 fb!
§ E —Total fit % —Total fit
WL B = Sy (utu K 10* B o Jy(ete) KT
=+ 10°F WB = Jy(utu)mt o @B Part. Reco.
= E Combinatorial = B = Jyieeint
n N T Combinatorial
5 10g g 10
= E =
=} el =
< 10 E i
- F = ST
D e
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http://arxiv.org/abs/2103.11769

Ry measurement at LHCb

[arXiv:2103.11769]

_______________________________________________________________ N

* Measuring R with

NITHT cetem petem o ptuT
R, — rare “rare “‘control “control
K Ne+e— utu= utu— ete—
rare  Ergre control ~control

* extracted as a parameter of a simultaneous fit to muon &
electron modes

 Supersede the previous LHCb analysis

P - - Eur. Phys. J. C76 (2016) 440,
+ Below SM prediction with a tension of 3.10 5 0t (3016 06|

JHEP 06 (2016) 092]
Ri(1.1 < ¢® <6.0GeV?/c*) = 0.846 F 032 +0-013

 Branching ratio for electron mode measured as well

dB(B*— Ktete™)
dg?

(11 < ¢* <6.0GeV?/c*) = (286115 £1.3) x 1077 ¢*/CeV?
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BaBar
0.1 < ¢?<8.12 GeV¥/c*

Belle
1.0< ¢* < 6.0 GeV¥c*
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dB/dg? [10® x ¢*/GeV?]
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http://arxiv.org/abs/2103.11769
https://link.springer.com/article/10.1140%2Fepjc%2Fs10052-016-4274-7
https://arxiv.org/abs/1510.04239

Presented results from LHCb b — sl*[~ measurements
» Search for B,y » u*u~(y) and BY - ¢(f,)utp~ (very) rare decays
 Angular analysis of B » K*u*u~ and B® - K*%ete~
 Test of Lepton Flavor Universality Ry

«  Well in agreement with the SM prediction, ~3¢ tension remains for NP
» More data needed to confirm the trend, we expect nice development in the future
« LHCDb will continue to study rare decays to discover hints of new physics

 Other updates coming soon
- search for B® - K*0¢%y*
- updated angular analysis of B - ¢utu=,Bt -> Ktete~
* Rg+ Ryo,Rg

Thavk you for our attegption!
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Side View ECAL HCAL
M3 Run-IlI
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CERN-LHCC-2018-014, LHCB-TDR-018
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Yanting Fan

Run 1l

(2010-12)

LHC era

Run 2
(2015-18)

HL-LHC era

Run 3 Run 4
(2022-24) (2027-30)

Phase-1 Phase-1b
Upgrade!! Upgrade!?
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Bremsstrahlung corrections

800— : Mognet ECAL
HEl True brem. photons
Il True brem. photons with p; > 75 MeV ’
700¢ E True, reconstructed brem. photons 1 e E,
600 P
e ‘\Y\ |
£ 500 %o )
E
3 o
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c 10 — B J/y(eek* i
% " — B J/[Y(uu)K*
= > | 08 . . B
Tail due to missed ECAL
200 | 06~ upstream brew resolution|
e 140 Me “
100 |- j(j J
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Yanting Fan

Photon origin z-coordinate [m]
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[JHEP 12 (2020) 081]

B > K*(-> K*tn )ete~
o+mif o <0
¢if g >0

- redefinition of ¢p: & = {

-« S-wave contribution is <1%, negligible

 Polarization of b — s y transition can be expressed as the ratio of
C, (left — handed) and C,(right — handed)

* photons are almost on-shell

- g2 selection<0.25 minimize sensitivity to vector and axial-vector
currents(Cy ;)
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https://link.springer.com/article/10.1007/JHEP12(2020)081

« Status of B - K171

- upper limit, at the 90% confidence level, is B(B* - K*tt1t7) < 2.25 x 1073
« branching fraction B(B2 — t+77))<6.8x1073 at the 95% CL

e B(B? - 171t7))<2.1x1073 at the 95% CL [PRL 118 (2017) 251802]

- Different regions in g% = m?(ll) are sensitive to different operator contributions
C;, O;: wilson coefficients that for SM contributions
< (j,0;: wilson coefficients that for NP contributions

Ol = =2 (50, Prb) F* O = =2 (50,, PLb) "
0 = (57, PLb)(E7"0) 0y°% = (57, Prb)((y"2)
0% = (57, PLb) (Ly*50) , O3 = (57 Prb) (Ly"51)
0% = my(5Prb)(00), QL3 — my(5Ppb) (20),
0% = mp(5Prb) (fysl) | 0’53 — my(sPLb) (fyst) .
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.118.251802

