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Introduction: theoretical motivation

* New physics can be discovered by two ways:
1. by producing new particles
2. by searching discrepancies between measured observables and SM predictions.
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* In SM, b—sll is a flavor-changing neutral current (FCNC) process
forbidden at tree level.

Z[y penguin W* W~ box
”-;\sl‘/"\ql f et —
PP A TN— W= W
1,7 I+, (9)
1=, (v) 1=, (v) I*,(v)

* New physics can contribute to the loop diagrams and make
pronounced modifications.




Introduction: effective hamiltonian

b — sll porcess can be described using effective theory[1], the effective
Hamiltonian is:

4Gy
Hepp = _ﬁthVts z Ci(w)0;(w
7

Where 0;(u) indicate operator, C;(u) is Wilson coefficients, u is the scale

“ForSM,i = 1,...,10. Terms 7,9, 10 dominate in b — sll
e e? _ e?
On = (4ﬂ)2mb[sa” PRblF,,, Oy = w[sq“PLb] [, O10 = (in )2

—
(o]
o
N
=
[a
(®)
L
I
i
(o
(@]
Q)
S~
(9p]
i
S~
i
—

(570 PLY] 1" 51).

** To describe new physics in b — sll. Following terms are taken into consideration.

2 2
0% = (4n)? [5PRO)[11]. 0% = (4 )2 [sPLb][1l].
62 — 62 _
Ol = w[gﬂqb] [1y51]. OY, = w[EPLb] [1s1].
e _— e =
Op = w[sgﬁwb] [[a#1], O = W[SUW‘B} L™ ys].

[1] C. Bobeth, G. Hiller and G. Piranishvili, JHEP, 2007, 12: 040.
Definitions of O;(u) arein [1){2] [2] K.G. Chetyrkin, M. Misiak and M. Munz, Phys. Lett. B 400 (1997) 206.




Introduction: b-»sll anomaly

* Some observables of b->sll process are found
deviating from SM predictions by 2-30, e.g.
oranching fraction, Ry«, P<'...
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BF: JHEP 04 (2017) 142 ]

P.": PRL 125 (2020) 1, 011802
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Introduction: b-»sll anomaly

* Global fit of many observables from various 5
measurements presents a result in tension with =
SM prediction by >40. 3
2-dimensional fits B. Capdevila, M. Fedele, S. Neshatpour, P. Stangl :

@ Flavour Anomaly Workshop, 20 Oct. 2021

HMMN — HMMN
1004 % SM e 1004 % SM
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Introduction: angular analyses

* Investigate the angular distribution of the final
state particles.
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* Pros:

* More utilizable observables than branching fraction measurement.
More information.

* Some observables can be constructed to reduce the hadronic
uncertainty.
* Cons:

* Low statistics. More dimensions to be investigate than branching
fraction measurement

* Difficult to determine the angular distribution of background




Introduction: CMS

Overall length :28.7m Microstrips (80-180 um) ~200 m* ~9.6M channels

Magnetic field  :3.8T

SUPERCONDUC‘TIN(.T- SE)I;I’EOI;IOO:D 0:0 L u m i ~ 10 3 4 C m -2 S -1

Niobium titanium coil carrying
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CMS DETECTOR ¢ energy -
STEEL RETURN YOKE @
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS l e V
Overall diameter :15.0m Pixel (100x150 ym?) ~1.9 m? ~124M channels m
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b e ¢ Apy/pr ~ 17 when
pr < 100 GeV
“*Transverse impact
lamemomans parameter
resolution O(10 —
100pm)

N, W ¥, “*Vertex resolution
~76,000:cintilhtinsl£bwo.c)rystals ?Q\ ' DN q 4 A O(ZO — IOOum)

<+Covering most of
the 41 solid angle

PRESHOWER
= Silicon strips ~16 m* ~137,000 channels

CRYSTAL

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels




b—>sll angular analyses on CMS Runl

* Several b—>sll angular analyses have been studied on CMS,
such as BO-K*utu- , B*->Ku'u- , B*>K*utu
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* Run1l analyses based on 20fb! 8TeV data have been
completed.

* Publications:

*Angular analysis of B*—K*u*u~ : Physical Review D, 98(2018), 112011

* Angular analysis of B>—KOu*u- (Agg) : Physics Letters B, 753(2016), 424-448
- Angular analysis of B—K"u*y~ (P5’) : Physics Letters B, 781(2018), 517-541

» Angular analysis of B*—K*u*u- : Journal of High Energy Physics, 04(2021), 124




Runl angular analysis: B*=>K*ufu-

* The decay for the process B*>K*u*u can be described by coss,and g2

* Differential decay rate formula:
ldF[B+ Kyt 3

1
I d cos 0, ZZ(l_FH)(l_COSZOI)"‘EFH + App cos 0

0< FH < 31AFB < mln(l,FH/Z)
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0,: the angle between the u* (i1 ") and the

K-(K*) in the rest frame of the dimuon 1w

system. 9 \R*

App: u* u forward-backward asymmetry. i —

F . . . K+ z
y- a measure of the contribution from

pseudoscalar, scalar and tensor ot

amplitudes to the decay width .




Runl result: B> K u*u

Physical Review D, 98(2018), 112011

CMS 20.5 fb! (8 TeV) 1 ;CMS 205 fo! (8 TeV)
= = ==T
!:h 0.4~ 4+ Data R - 4+ Data
- 0 F I — DHMV
'I].Z_— 1_—
ol —— 4 i
02 P(2S) X P(25)
[ . I eyl g, - LW WS Ly ]
0 5 10 15 20 0 5 10 15 20
g (GeV?) ¢* (GeV?)
App Fy

The events are measured in seven g2 bins ranging from 1 to 22 GeV?, 2286 signal
events in total.

The measured Az and F,, are in agreement with the SM predictions within the
uncertainties.
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Runl angular analysis: BO=>Kutur

» Final state: K'mu*u-

» Fully described by the three angles (J,, &,,
¢) and g>.

» Robust SM predictions of several angular
parameters, Az, F , P, and P/, are
available.
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» Angular observables are measured in g2
bins from 1 to 19 GeV?2.

*» Differential decay rate : dr/ldq2 s 3:§COSHKd¢ Z% {% {Jr cos o) (1 - cos2 1) +W
VI cobycon| (1[R[ Aos? i (1~ cos’)
+ % (1R (1 - cos™6k) (1 +cos’6y) + (_1 -R)
(1= cos” B ) (1 — cos” #) cos 2¢p + 2P%Jcos iy ] (1 - [
V1= o2/ — cos2f; cosc[)”

1Ler 9
I'dcosfx dcosf;dg? 16

+ (1-Fs) [ZFL cos? Bk (1 — cos? )

2
{5 [Ps + Ag cos BK] (1—cos®6;)

+ - (1—F) (1 — cos® k) (1+ cos ;)

P-wave

= N =

+ §AFB (1 — COS2 GK) CcOs 91] } .




Runi result: B> K %utu

Physics Letters B, 753(2016), 424-448

—
(o]
o
N
=
[a
(®)
L
I
i
(o
(@]
Q)
S~
(9p]
i
S~
i
—

205" (8 TeV) . 1(:MSData 205" (8 TeV) )
- < 085 (sm,Lose) The events are fit
E 0.6 77 ( SM, Lattice ) ‘ . .
" .. =% inseven g% bins
| i aw ey B ranging from 1 to
02 £ (SM, LCSR ) 08 19 GeVz
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Physics Letters B, 781(2018), 517-541 (Agg, Fy) @and (P,
ar 3 +cms o 1‘5; -+-CMS PS’) are |n
2.5;— ~-LHCb 1 —#LHCb 5
* Nswowmv | N agreement with
1.5F ~k N\ sM-DHMV
b ctl L = | | theSM

0.5F — L
ofyfp ~Nt\\\ osp o dashs redictions within
_05;# §\{— - S ST Ty | P

the uncertainties.
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Runl angular analysis: B*>K utu

» Final state: m*rm*mu*u

» The decay can be fully
described by the three |«—-;.-.
angles (9,, U,, ¢) and
q2
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K% rest rame

gt rest frame

 Differential decay rate (integrate out ¢):

|

dl'/dq2 dg*d cos 6,d cos Oy 16

4
+2F, cos’ O (1 — cos’ 9;) + EAFB(l — cos’ O ) cos 9;]

* Two observables, the forward-backward asymmetry of the muon (Ag;)
and the longitudinal polarization fraction of the K™ (F,), are measured
as a function of g2




Runil result: B*>K *utu

Journal of High Energy Physics, 04(2021), 124 >
,CMS _ 200167 (8 TeV) CMS_ ~ _200®7(8TeV) =
'::E - | ] Lrj i T | ] ®
05k E 0.8 . g
' e i ] &
- 0.6 - Z
ol ¢ ; h - % ] =
] 4 ¢ ]
—051 # Data 0ol #Data |
: $SM - g $SM |
B R 0 E
¢ [GeV?] ¢ [GeV?]
¢ (GeV?) Ys App F,
1-8.68 22.1+8.1 —0.1470324+0.17 0.60705: +0.13
10.09-12.86 25.9+6.3  0.09701% +0.04 0.88701%+0.05
14.18-19 451480 0337384 +0.05 0557018 +0.06

Aq; and F| in bins of g2 are found to be consistent with a
standard model prediction.




b—>sll angular analyses on CMS Run2

* Based on 137fb! 13TeV data collected in CMS Run2, new
b—>sll angular analyses are being studied.
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* The new angular analyses are: B> K u*u-, B*>K*u*u-,
B.~»> @ u*u based on Run2 data.

* The three analyses are ongoing.




Updates of Run2 angular analyses

* Luminosity
* From 20 fb! to 137 fb%, 7 times improvement
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* Selection

* Using new offline selection, improving the signal efficiency and the
background rejection

* Fitting
* Using new fitting PDF, stability improved
* Statistic error
* Using new statistic error evaluation method




Example: B*=> K uur

—i

o

MA_BOT o

r ) ' = - et Q

. L : Background efficiency | - §/1S+B ™ = I g:ESeu gnms >

Selection i i [iE a

e | £ S °F \

< i E |7 | L

: En.af 90 2 (3 ossf- \ T

Pre-selection; w osf | w | P | ®

Offline-selection (using AdaBoost BDT); 0s - o | ol | —

0‘55; N

02 Y 35693 backaround 0 E (@)

) s,via’?’" | . t l Q

0.2 0.1 [ cut :;:ue . p:ilzed un;;T out:.zl y 07 02 03 04 05 08 07 08 os ?w it 2

e D >

. . - '?' "\avss Fit of model 1o discriminating variable i

PDF components detemination = 1 |5 ~

' = D g0 L BRmpBS(m)
Signal mass Bkg mass shape | Bkg angular o 118«
shape (using data shape —— oo 3 ERN I
(using signal sideband); (using data ol -y 1 18«
MC); sideband); e T Lt
ik VA ey ; O : s '_i R h '\ EEI ey '{ 5'5'}‘ g5 'SLB‘I.‘ “%a
T B mass(Gavich) Bmass (GEV)

Bin4 confidence regions of A__ & Fy,

Fitting LR = Py | L
2 dimensional fitting; I a3 { * H n

=2

Statistic uncertainty (using 2D F-C method); - o~ /fﬁ x | e

=
T

Systematic uncertainty

[ Shifted A ., (Best effic P——— I Shifted F , (Best = Q0001 Aarenns

[l e | Shifted Mean value = -0.00007) e

—— Maan vaue ot resuts 10— —— Mear e of s

[ Shifted Mean value = /|

Fitting bias;
MC mismodelling;
PDF function forms ...

d

)

——— Resui of Bast ticioncy

-

LI B e B B

e

[~
é LELELEN BLELELE BLELELE BLILI




Run2 angular analysis: B.>® uur

» Final state: K*K'u*u- " B
» The decay can be %VK
described by the three /
angles (9,, 9y, ¢) and g°
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» Differential decay rate (integrate out ¢):
1 d*T 9 (1

AT/ dq2 deosBdeost, ~ 1621 ~ 1) — cos’fg) - (1+ cos’6;)

+ 2F; - cos?0x - (1 — cos?0;) + Ag - (1 — cos?0x) - COSQI)

» Two observables, the muon CP asymmetry (A;) and the longitudinal
polarization fraction (F ), are measured as a function of g2




Prospect of HL-LHC

* Motivation: P; discrepancy between experimental measurement and SM

* Run 1 results used as base line, the expected sensitivity of P; with HL-LHC
statistics at 3000 fb! was studied

» Improved mass resolution with upgraded tracker detector

» No changes in trigger performances and analysis strategy have been
considered

» Expected signal yield: ~700k in full g2 bin in 200 pileup scenario

2021/11/11

. CMS  Phase-2 Simulation Preliminary 60 CMS Phase-2 Simulation Preliminary
5 —
. — > —
® ool # Runl(8TeV) O
B ¢ Phase-2 (14 TeV) g 50— ——
: R T SRS S
— 40—
C 43GeV? < q2 <6 GeV? = 30:_
01— g L
L © -
§ g 20F
i z F
r m - - - - -
oos. [ 4 nmi@rey  CMS-PAS-FTR-18-(
B - ¢ Phase-2(14TeV)
& 0 . Il ‘ 11 1 ‘ 11 1 | | ‘ 11| ‘ 11 1 | 11 1 | 11 1 | L1 1 | 11|
2 4 6 8 10 12 14 16 18

Y 5 ,
m(u*uKEF) [GeV] f [GeV7]



Prospective uncertainties on P:

Statistical uncertainty: scaled
according to simulation yield
Systematic uncertainty
» Based on data control
channel: scaled according
to statistics
» Others: scaled by factor of
2
Total uncertainty: improve by
up to a factor of 15 compared
with Run 1 results
Allow to split g% range in finer
bins

05 CMS  Phase-2 Simulation Preliminary 3000 fo ' (14 TeV)
2o s RO Ky —= CMS PLB 781 (2018) 517
: with Stat. uncert. only
0 I~ I:l with YR 18 syst. uncert.
0.5
B == %
i = —_—
_1; =
8 01— Finer binning
S  OF—=—E =
-0.1
O 01
5 o
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Summary

**The angular analyses of FCNC B rare decays are
important ways to search BSM phenomena.

**The three measurements done on CMS, B*=>K*u*u-,
B> K u*u , and B*>K™*u*u , presented results
consistent with standard model predictions.

“*New angular analyses are ongoing, with larger amount
of CMS datasets and updated procedure.

“*More sensitive results can be expected on HL-LHC

—
(o]
o
N
=
[a
(®)
L
I
i
(o
(@]
Q)
S~
(9p]
i
S~
i
—




Tnanix vou!




TZ0ZAdD4H @ TZOZ/ET/TT

Q.
-
—
Q
O
an




Definition of observables P’

dAT[BO— K0+ -

dq2 dQ)
d[BY— K*Outp~

| ZBSW Zi:fi(qg)fi(ﬁ) and

o]l

dg2 S}

= (@),

Si=(L+1

A= (L - I

CP averages;

) / a + dr and
dg? * dg? )

dI’ dl’
) / (dq2 T dqg) '

CP asymmetries;

!/
1,58

F

(1—FL)
S458
VFL(1 - F)
VF.(1-F)

P{7: constructed observables for BO>K™ |leading form-factor

uncertainty cancel
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