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https://agenda.infn.it/event/31592/timetable/

OVERVIEW

results from rare decays searches in B-physics at ATLAS and
CMS

» search for B{s—tu- events at CMS and BY life-time
measurement on Run? data

» search for Bi;,—tu- events at ATLAS on (partial) Run2 data

« angular analysis B? — K% p*u- at CMS on Runi data

 angular analysis B® — K% p+u- at ATLAS on Run1 data

 search for the LFV decay tt—ptputy- at CMS in (partial) Run?2 data
 search for the LFV decay tT+—ptuty- at ATLAS on Runi data
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THE ATLAS AND CMS DETECTORS

CMS DETECTOR

44m Total weight 0 tonne:
Overall diameter :15.0m Pixcl s

—~ Overall length ~ :28.7 m icrostrips ($0x180 ym) ~200m” ~9.6M channels
) Magnetic field ~ :3.8T

Steel + Quartz fibres ~2,000 Channels

=

CRYSTAL
ELECTROMAGNETIC

CCALORIMETER (ECAL)
\ \ 1] . ~76,000 scintillting PBWO, crystals
\ LAr hadronic end-cap and
) forward calorimeters
Pixel detector

LAr eleciromagnetic calotimeters B+ Plasticscintillitor ~7,000 channels

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor tracker

L » cylindric compact (15m x 21m) detector
« cylindric detector (25m x 44m)

* high granularity pixel + strip silicon tracker for excellent track, PV

» high granularity pixel+strip detector + transition detector for electron identification and SV measurements

* 2T solenoid for pT measurement « PbWO,crystal ECAL and brass+plastic HCAL to achieve

« liquid Ar+metal ECAL and steel+plastic HCAL for jet+EG shower measurement hermeticity and for jet+EG shower measurement
- and 3 toroidal 3.5T magnets for muon momentum measurement * 3.8T solenoid for pT measurement
« external muon chambers for muon detection and momentum measurement * external muon chambers outside steel return yoke for a clean

muon detection and pT measurement
« Two level trigger system (hardware + software) .
» Two level trigger system (hardware + software)
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By —urw

THE PHYSICS CASE

motivations

* Blsy—H*u" strongly suppressed in the SM (FCNC
and helicity)
» connected to b—sl*l- transitions via the EFT

operator O,y can help understand b—s
anomalies doi.org/10.1140/epjc/s10052-021 -

CMS

« pp @ 13 TeV Run2 data (2016-2018) 140 /fb
o updates the published result on 2016 data (30

« 12.5 sigma observation of the BY — p*y-, upper
limit on the B(B°—p*u-) and the life time

measurement of B —p+y-

/o)

09725-1
» probe SM through lifetime measurements
=
» clear final state SRR L
experimental signature b—<—VV\V/'\//¥\—:—u
for both ATLAS and CMS
s wW- . "
t
b w+ m
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ATLAS

* pp @ 13 TeV Run2 data (2015 and 2016) 26.3 /fb
and combination with Run1 (25 /fb) @ 7 and 8 TeV

« 4.6 sigma observation of the B? — p*u- and upper
limit on B(B?—p+u-)
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http://doi.org/10.1140/epjc/s10052-021-09725-1

cds.cern.ch/record/2815334

cMS: By —pHp-

EVENT SELECTION

Data collection signal selection
* trigger selection: di-muon triggers with « two opposite-sign muons with pT > 4 GeV and |n|
tight quality tracks and a valid <14

secondary vertex (SV) « decay vertex of B meson— kinematic re-fit of the

* similar selection for the control channels muon tracks with additional SV constraint

B—J/W Krand B— J/Wo - 16 categories: 4 years x 2 BDT bins x 2 detector

In| regions

Background contamination

 combinatorial from bb events — MVA reduction

 partially reconstructed semi-leptonic b—hpuv and b—hhX decays — MVA reduction

« charmless hadronic two-body decays B—hh — negligible after tight muon track selection
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cMS: By —pHp-

MVA ANALYSIS

» exploit several weak discrimination : 200113 Tev
variables with a BDT (XGBoost) ool " *
o features: pointing angles (2D and 3D) & oo \
— effective vs. all non-two-body S ol Cln
backgrounds b wemeanc \
o features: SV (quality and displacement) S
— effective vs. combinatorial oo
o features: isolation (sum of pT surrounding the LSS —
signal) 5 T T e bt
— effective vs. semi-leptonic decays - Ogg“d'gi"o'é‘z"0"9'3"o‘é&"o's'aé"déé"dé?"déé"déé"‘1
MVAg
* trained on data from the signal mass
sidebands and |\/|C Signal Samples MVA score distribution for data (black
: N N dots), MC (bars) and re-weighted MC
o validate on B*—J/W K* events (blue dots) for 2016a B*->J/WK* events
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cMS: Bl —pHp-

SIGNAL FIT

« 2D UML fit to the pp mass x mass-resolution to extract the B—pp signal yields. Two
strategies for BY normalization:

o B*—J/W(—p*y’) Kt normalization — rely on the knowledge of fs / fu
o B! -»J/W(—p*y) p(—K*K?) normalization — higher systematic (additional kaon)

N BO € f
0 — + YKt . s KK TBt>J/YKT | Ju
BB; — ppu) = BBT — J/ ) Nge— roxe €50 f ——\. derived from

N LHCb
BO—>uu  €BO-J/¥® measurement:
BB - up) = BBY — J/YO) - : 0731 +0.008
NB?—)J/‘P(D €BO—up : = -
N f doi.org/10.1103/PhysRe
BO € D.104.032005

N, Bt*—J/YK+ €BO— up fd

« UML fit to the decay time to extract T (3D fit: decay time, its uncertainty and pp
mass)
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http://doi.org/10.1103/PhysRevD.104.032005

cMS: Bl —pHp-

FMS Preliminary . 140 fb (13 TeV) CMS Preliminary 140 fb(13 TeV)
g s taol- o Do —eor
RES U LTS 0,4 o 120:, gi);r:(ti):;att)?(gal (R — Semileptonic bkg
) S e veagonena ||| . 1003
o S K
0 Sy +0.38 +0.14 +0.14 S S %
BBs >y ) = 3.831g3¢(stat)Zg13(syst) Zo13(fs/fu) || & 8 o
x 109 (from J/W K*) \ T
0 oy +0.39 +0.27 +0.21 . F - AN T
B(BS 9|.1+|J. ) - 3-95_037(5t3t)_022 (SySt) _019(BF) 12 14 2.9 5 51 52 5r: 5[4Get\'>lis 56 57 58 5.9
x 109 (from J/W )
0.6X1 0® 140 fb" (13 TeV)
CB(B0 2> M ) <1.5x 1019 @ 90% CL : Frolra
0.5 5
0 - -10 : e
B(B SUtu )<1.9x10°@ 95% CL _of
T(BY) = 1.831023(star) 1294 (syst) ps Toy
m r E 3
® RS- NN
0.2 o Nty
e All UML fit results are compatible with the SM prediction g "' :/ o \\\
within 1 sigma I | (* bﬁ \
. . . L *+ C FE "
« most precise measurement of B?—p+y-branching fraction oLtk L bl il b e
and lifetime to date B(B] - u')
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cds.cern.ch/record/2650545

cMS: By —pHp-

(13 TeV)

PERSPECTIVES i -
Z°O.O7; (B > pp —
* CMS prediction for HL-LHC (Phase 2) starting in 2029 °-°6§ o
o 14 TeV pp collision — ~ same b production "
o x5 collision rate (200 PU) — no large impact from 200PU 0-0%
is expected oo
o 3 /ab of luminosity — x20 Run-2 I J

Conly L I R N
9.9 5 51 52 53 54 55 56 57 58 59

M(up) [GeV]
» extrapolation via MC simulation (full Phase2 detector) + toys
from Run-1 results o (14 7ev)
. . . é gyni/:?:rf grzeliminary
o reasonable projection of most of the systematic g2 e
. g Z 1 SuUu
uncertainties (x0.5) ot B, > g
« much better mass resolution following tracker upgrade g
o less contamination from semi-leptonic fakes s
. . 0.04
o better B - B? hypothesis separation :
0.02—
» Time resolution on lifetime: 0.05 ps SOV L, T SO e
2.9 5 51 52 53 54 55 56 5M7( ?[% \?]9
) [Ge

» observation of B%— pp at more than 5 sigmas
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https://hilumilhc.web.cern.ch/article/ls3-schedule-change
cds.cern.ch/record/2650545

doi.org/10.1007/JHEP04(2019)098

ATLAS: B, —p i

ANALYSIS OVERVIEW

event selection

« tight quality di-muon candidate selection with pT > 4 & 6 GeV, |n| < 2.5 with
information from ID and MS

« good quality B vertex (SV)
* loose collinearity requirement in the transverse plane

background contamination

« combinatorial (different h-quarks - dominant) — well described by inclusive MC and
reduced by MVA

 partially reconstructed semi-leptonic B decays — reduced by MVA and tight muon
quality requirement

« charmless hadronic two-body decays of B mesons — reduced by tight muon quality
selection to 2.7+1.3 events
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https://doi.org/10.1007/JHEP04(2019)098

. RO +11-

ATLAS: B (s) — ” l-' 5 3000 rgroundsubracted data || E

S 2500 — reweighted B:—> Jy o MC =

MVA ANALYSIS £ sooot TR
1500} =

. . 1000 =

 MVA analysis to maximize the coor. E

background rejection (TMVA) K SOOI, S :

o B meson and SV variables N S

. £ osF ' T -

o muon variables O N 507 025 05 035 04 045 03 Bo[.)ésTs 0.6

o event variables (e.g. isolation) outedt

« model signal from MC, background 8 CETTTT i'gjé'j';:lfif;éé'kér'édﬁé-'s'u'stééc'téa'aét'a'é

from data mass side-bands 5 10F ATLAS E

§ 104; Vs =13 TeV, 15.1 fo’' —i

« control channels used for BDT S

validation and systematic estimation e o E

2__ rI_""1_ ,;

0 FFL@”U”L;
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ATLAS: B, —p i

% g T T T T

RESULTS §> 16 ?Erf:gTeV, 26.3 fb! Lo _

» 144 0.4163 <BDT <=1 — - Continuum background —

% o b — u* u X background

Lﬁ L Peaking background E

« UML fit to the pp invariant mass distribution ‘2;-._‘ T
o nhormalize signal to B+*—J/W K+ rate of E

o sim. fit to four bins of BDT score of increasing signal £ %
purity - el S— -

, , %850 ~"5000 52005400 5600 5800

 results are compatible with the SM Dimuon invariant mass [MeV]
0 Sy +0.96 +0.49 - S 12F arias TR ]

B(Bs x4} ) - 3-21—0.91(51:31:)—0.30 (SySt) x 10 = 1'25 %T??Tevnsj-ze.sfb“ . f .

3 1__ ontours for -

0 - -10 + - 2 Aln(L)=2.3,6.2,11.8 .

B(B 9“"‘“ ) < 43 X 10 @ 95% CL ,?‘ 0.8~ [ — statonly N

o C ""*'7.';‘:'-.,\ . — stat + syst _Z

« Combination with Run1 results (25 /fb pp @ 7 z % o, R :
and 8 TeV) L F
02 % & | —

0 \ _ » q+0.8 ] A VI R
B(Bs>Mtp ) = 2.8557 x 107 MY RN

—0.2k 15 A

B(BO>p+u) <2.1x 109@ 95% CL ° °° 7
B(BS — i 1) [10°7]
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BO—KO*UU"



doi.org/10.1016/j.physletb.2018.04.030

BO_) KO* ” + ” -
THE PHYSICS CASE B LiCb Run 1 +2016
0_5_.3 Sswronpiwy |
 FCNC strongly suppressed in the A o mJF :
SM o B s
e angular analysis B Fj i =
« study the deviation from the SM of —
the angular parameters describing CMS
the decay  pp @ 8 TeV Run1 data 20.5 /fb
o P5’ most interesting following » P5’ distributions compatible with the SM
2—3 sigmas deviation from SM
observed by LHCb in the ATLAS
4<g?<6 and 6<qg°<8 GeV? bins - pp @ 8 TeV Run1 data 20.3 /b
in Run’ . P_5’ distributions compatible with the SM within 2.7
sigmas
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https://doi.org/10.1016/j.physletb.2018.04.030

CMS: B°—>K° ' U*J-

* g? binned
« trigger di-muon events with displaced vertex

 build signal candidates by requiring two
muons and two tracks (K* candidate) from the
same vertex
o resolve PID ambiguity by selecting the Kt
hypothesis closest to the K* mass (misid: 12-14%)
* background mainly from combinatorial

o negligible contamination from peaking B and A,
decays and b—cX decays

« UML fit to the BO mass x angular distributions
to extract the PQOls (P, and P5’)

o B—JPsi/W’ K* for fit validation and systematic
assesment

Status and perspectives of physics at high intensity

20.5 fbo' (8 TeV)

{ SM-DHMV )
{ SM-HEPfit )
—e- CMS
—e—LHCb

aw 1.5¢

1
05 %it\,,
oF T udes
SN
-0.5 I NP

AF

0 2 4 6 8 10 12 14 16 18 20

-1.

B e e 18 20
q? (GeV?)

-1.5

G2 (GeV?)

both the angular parameters are compatible

with the SM
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ATLAS: B°—>K° ' U*J-

doi.org/10.1007/JHEP10(2018)047

* g°binned analysis below g?=6 GeV?
 select events by di-muon triggers
 build signal candidates by requiring two muons and
two tracks (K* candidate) from the same vertex
o resolve PID ambiguity by selecting the Knt
hypothesis closest to the K* mass (misid: 11%)
» background dominated by combinatorial below 6
GeV?

o address non-smooth structures and S-wave
contributions as systematic uncertainties

UML fit to the B® mass x angular distributions to
extract the POls

Status and perspectives of physics at high intensity

0 2 4 6 8 10

— 1 T 1 " T ]

Vs =8TeV, 20.3 fb'1—:
C -$- Data 7
— CFFMPSYV fit ]
- theory DHMV ]

T

o? [GeV?]

all angular parameters are
compatible with SM

P5’ deviates 2.7 sigmas from the
SM in the 4<qg%<6 GeV? bin for the
DHMV model

Rare decays at ATLAS and CMS
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http://doi.org/10.1007/JHEP10(2018)047

PRECISION OF THE Ps’ MEASUREMENT AT
THE HL-LHC

ATLAS cds.cern.ch/record/2654519 CMS cds.cern.ch/record/2651298
» MC study to address the precision reached by ATLAS at » MC study to address the precision reached by ATLAS at
the HL-LHC (3 /ab) the HL-LHC (3 /ab)
* analysis strategy same as Run1 » analysis strategy same as Run1
o reduce signal and background model systematics o reduce fit-related systematics by 1/sqrt(L)
by 1/sqrt(L) o reduce most of uncertainties (signal shape,
o neglect mis-tag systematic uncertainty (MC-driven) efficiency shape, mis-tag, detector-related) by a
o scale S-wave uncertainty by a factor 5 factor 2
o reduce calibration systematics by a factor 4  precision increase up to x15 better — also explore
L : . ossibilities of finer binnin
* precision increase x9, x8, x5 (depending on the trigger P 9 05, CMS _Phase2 Smiaion Prmiary 50001 (14T
scenario) PR o B e [ e e
o 2;_ %’:‘if]’_’e’s"i’;‘&z’% —- ATLASJHE.P10(201B)O47_; o = [ with YR18 syst. uncert.
1.52_ :y:jeziszsfrom Run 1 data i:x’;z:,wr/ —i
U %2&:2:3122(%.“.@ O e | L
o5t | | E ==
o; R H = T T
_0'55_ “ B 2 o1 Finer binning
_12_ E ; 78:01; e
0 é 411 é é 110 S*Oﬁ W L | I
q2 [GeVz] 0 2 4 6 8 10 12 14 16 q128[GeV22]0
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doi.org/10.1007/JHEP01%282021%29163

CMS: TS U*U* Y

T—3p excellent candidate for new physics searches
oLFV process, strongly suppressed in the SM (~10-%9), but predicted at the level of 10-8 — 10-10 by
some BSM models Bordone et al., 10.1007/JHEP10(2018)148
oclear final state signature
ofairly abundant in pp collisions ( per /fb)

33.2fb" 13 TeV
T T T I T T T T i

> L L
% s CMS Barrel ]
« CMS targets T leptons produced via D/B mesons and via = 5 53 g?ta B3 107 5
W bOSOﬂS 4\9 4_ _— chkground-onlt fi; .
« analysis on 2016 pp data @ 13 TeV (30 /fb) § o ]
* select three-muon events and reduce the background . :
contamination via BDT o ]
» observed (expected) UL from three-muon invariant mass £ I O
distribution E ]
o BHF(t—3p) < 9.2 (10.0) x 108 @ 90% CL e 2R - S T R
o BY(t—3u) < 20.0 (13.0) x 108 @ 90% CL m(3p) [GeV]

o B(t—3u) < 8.0 (6.9) x 10® @ 90% CL

Status and perspectives of physics at high intensity
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ATLAS: TNt

doi.org/10.1140/epjc/s10052-016-4041-9

« 2012 pp collisions @ 8 TeV (20.3 /fb)

e target T leptons produced via W
boson

e select three-muon events and
reduce background contamination
via BDT

* look for excess of events in the
sighal region — no events found

» observed (expected) upper limit to
the T—3p branching fraction

o B(t—3H) < 3.76 (3.94) x 10-’@ 90% CL

Status and perspectives of physics at high intensity

8 _I T I T T I_|$I_ISIB|d;taI (Ilo(l)sle)l T I LI IAITILIAlISI T I L I T T T
o 10°E —e— SBdata (tight+x>x,) —
— E Signal (loose) 4 3
[ C Signal (tight+x>Xx,) \s=8 TeV, 20.3 fb™! 1
= B _
ST -
] o
o
102 oq —
oo
o oo oo
- H WH il m 1 HH%
—1 —08 -0.6 04 —02 02 04 06 08 1
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- A A S T
% - ¢— Data (tight+ X>X selection) ATLAS
- #— Data (tight+x>x_selection) 0:75]
o 1 = i
® 20[~ —— Fittothe SB data ¥6m5 ToV;20.3% .
o | EE Fituncertainty o Sidebands (SB)
§ e Signal (tight+x>x _ selection) -.-.. Signal region
w - : ]
10— ]
E : _Ll‘ {l«i«\ :
0 s ;:.’. 11 1 11 /L] ]l 1 :tﬂn | P e T %
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https://doi.org/10.1140/epjc/s10052-016-4041-9

T—3H AT THE HL-LHC

ATLAS cds.cern.ch/record/2647956

« target detector, luminosity and cross section improvements foreseen at HL-LHC

» consider three W scenarios
o conservative — scale by luminosity — 13.5 x 10°°@ 90% CL
o intermediate — consider also trigger improvement (x2.2) — 6.2 x 10°@ 90% CL
o best — consider also mass resolution improvement (x1.25) — 5.4 x 10°@ 90% CL

« add HF channel with three different background scenarios
o x10 W background — 6.4 x 10°@ 90% CL
o X3 W background — 2.3 x 10°@ 90% CL
osameasW — 1.0x 10°@ 90% CL

CMS arXiv:1812.07638

 luminosity-scaled projections based on the HF results place CMS sensitivity at 3.7 x 10° @
90% CL

Status and perspectives of physics at high intensity
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SUMMARY



SUMMARY OF THE TALK

ATLAS
B(sy—H*u- at ATLAS on pp collisions @ 13 TeV (26.3 /fb)
o BB{—ptp) =2.8%28 x 10
o BB->utu)<2.1x10°@ 95% CL
« B9 — K% p+y- at ATLAS on pp collisions @ 8 TeV (20.3

/fb)

o angular analysis: all angular parameters
compatible with SM, 2.7 sigma deviation observed
in the P5’ parameter

o Tr—p+u+y- (W channel) at CMS on pp collisions @ 8 TeV
(20 /tb)
o B(T—3u)<3.47x107@ 90% CL

(*) most precise up to date

Status and perspectives of physics at high intensity

CMS
* Bpy—u*H at CMS on pp collisions @ 13 TeV (140 /fb)

o B(B{—p*u) = 3.83153¢(stat)fy 13 (syst) Fg13(fs/fu)
X 109

o BB —ptu ) <1.5(1.9) x 10-1°@ 90% (95%) CL
o T(BY) = 1.8310:23(stat)*3:0F (syst) ps ™

B9 — K% p+uy- at CMS on pp collisions @ 8 TeV (20.5
/fb)

o angular analysis: all angular parameters compatible
with SM, no deviation observed in the P5’
parameter

o T-—p+uty (W and D/B channels) at CMS on pp
collisions @ 13 TeV (30 /fb)

o B(t—3u) < 8.0 x 108@ 90% CL

Rare decays at ATLAS and CMS
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cMS: By —pHp-

SYSTEMATIC UNCERTAINTIES

« trigger: data-MC comparison of control channels
« pileup: by means of reweighing
+ vertex: the control channel triggers require a tighter

Table 3: Summary of the systematic uncertainties for the B — u*u~ and B — u "~ branch-
ing fraction measurements.

Effect B > utu= BY—putu- ) ; .
Trigger efficiency 4% selection. Evaluated the difference of the two selections.
Pileup 1% « MVA: difference between data and MC efficiencies
Vertex quality requirement 1% evaluated after an MVA reweight of the control channel
MVAg correction 2-3% « tracking: comparing D°—Krm and D°— Knrm ratio with
Tracking efficiency (per kaon) 2.3% fd ;

B — J/pK* shape uncertainty 1% worla average _ _

Fit bias 2.2% 4.5% +  B—J/WK shape: evaluating different shapes

fs/ fu- ratio of the B meson production fractions 3.5% - « fit bias: with pseudo-experiments

« fs/fu: from external measurement
» lifetime fit bias: correlation of the BDT to the life-time.

Measured by comparing the B—J/WK fit to the SM
Table 4: Summary of the systematic uncertainties in the B — u*u~ effective lifetime measure- prediction after the BDT cut

ment (ps). « decay time distribution mismodeling: the lifetime
Effect _ 2016a 2016b 2017 2018 distribution of simulated signal events is corrected using
EfﬁC{enCy modeling 0.01 scale factors from B—J/WK events taken after BDT>.9 over
Lifetime dependence 0.01 BDT>.99. The fit difference introduced by data- or MC-
Decay time distribution mismodeling 0.10 0.06 0.02 0.02 derived corrections is taken as uncertainty.
Lifetime fit bias 004 004 005 004 - efficiency modelling: evaluated using different efficiency

+ lifetime fit bias: measured with pseudo-experiments with
different lifetimes

Status and perspectives of physics at high intensity
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ATLAS: B, —p i

SYSTEMATIC UNCERTAINTIES

Source BY (%] B° [%)]
£, / 4 5.1 L + fs/fd: external measurement
« Btyield: the control channel triggers require a tighter
BTt yield 4.8 4.8 selection. Evaluated the difference of the two selections.
* R, ratio of the control channel and signal efficiencies.
R 4.1 4.1 » branching fractions: comparing D°—Krm and D%— Kmrimt
B(B"' N J/w K+) x B(J/?,b N ,u"'u_) 2.9 2.9 ratio with world average. This number is taken from MC
simulations and includes different contributions:
Fit systematic uncertainties 8.7 65 o kinematic reweighting: pT and |n| gen. level
. R correction (comparing to the efficiency with larger b-
Stat. uncertainty (from likelihood est.) 27 150 quark gen. cuts) + data/MC corrections from the B—s
J/WK control channel
o muon trigger and reconstruction: from data-driven
Source Contribution [%) studies with tag-and-probe oon J/W—pu events
Statistical 0.8 o BDT features: from differences introduced by
Kinematic reweighting (DDW) 0.8 data/MC weights from the B— J/WK control channel
Muon trigger and reconstruction 1.0 o kaon tracking: estimated varying the detector
BDT input variables 3.2 simulation (passive material)
Kaon tracking efficiency 1.5 o pileup: by means of reweighting
Pile-up reweighting 0.6 « fit systematic uncertainty: evaluating different shapes

Table 2. Summary of the uncertainties in R..
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ATLAS: B, —p i

PROJECTION TO PHASE 2

» extrapolate b production cross section to 14 TeV (x1.7)
* extrapolate collected statistics
* consider gain from trigger upgrade
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CMS: B> KO Ul

SYSTEMATIC UNCERTAINTIES

+ simulation mismodeling: fit a simulated signal sample with 400x data and see
the fit difference wrt to the input

+ fit bias: use 200 simulated signal samples + simulated data (~data size) to
estimate the fit bias

Source Pl( x10 3) Pé( x10 3) + finite size of simulated samples: due to the finite size of the MC used to derive
Simulation mismodeling 1-33 10-23 the efficiency shape. Generate 100 numerator and denominator shapes from the
ey original ones and refit them to estimate the difference due to the statistical
Fit bias 5-78 10-120 uncertainty.
Finite size of simulated samples 29-73 31-110 . efficiency: fit the control channels to extrapolate fixed parameters (FL) and cross
. check with PDG
EfflCle.ncy . 17-100 565 * Km mistagging: fit the mistag rate on the control channel B—J/WK* and take the
K7t mistagging 8-110 6-66 diffference wrt the simulation as systematics
Background distribution 12-70 10-51 « background shape: fit the data 200 times varying the shape of the background
Mass distribution 12 19 d!str!but!ons within their error (fixed in these test fits) and evaluating the POls
distribution RMS
Feed-through background 4-12 3-24 « signal mass shape: fit the control channels letting their width vary alternately
R, Fs, As uncertainty propagation 0-210 0-210 and see the effect on the POls _ _ _
. + background feed-through: see the difference in the POls after counting for an
Angular resolution 2-68 0.1-12 additional systematic uncertainty describing the feed-through from B—J/W / W’

Total 100-230 70-250 K* events

* Fy, Fs, As uncertainties propagation: fit pseudo-experiments allowing these
parameters to change and compare the POls values with the nominal procedure

* angular resolution: fit a siulated sample using generated or reconstructed
values of the angular parameters and see the difference
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CMS: B> KO Ul

FIT STRATEGY

« simplify the angular pdf by considering symmetries in
the =0 and B8I=11/2 angles
o reduce the POls that can be extracted to P, and
Ps’
« UML fit to the mass and angular distributions
o signal mass shape: double-gaussian different for
correct- and wrong-tagged events, with paramters
obtained from simulated samples
o angular pdf for background: polynomials
(factorizing)
o mass pdf for background: exponential
o angular efficiencies: obtained from kernel-density
estimators, different for correct- and wrong-tagged
events
« Fit run in two steps:
1. fit the sidebands and fix the background shapes
2. fit the full distribution and obtain the POls

Status and perspectives of physics at high intensity
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CMS: B> KO Ul

RESULTS
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Figure 2: K*7~ptyu~ invariant mass and angular distributions for the second and third g2
bin (top four plots) 2.00 < g> < 4.30 GeV?, and (bottom four plots) 4.30 < 4> < 6.00 GeV2.
Overlaid on each plot is the projection of the results for the total fit, as well as for the three
components: correctly tagged signal, mistagged signal, and background. The vertical bars
indicate the statistical uncertainties.
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ATLAS: B> K° MM

SYSTEMATIC UNCERTAINTIES

« fake K* background: peaking structure observed at cos(B,)=1 (possible D* mis-reconstructed decays), evaluated fitting the cos(6y)
range excluding the region around 1

« partially reconstructed B—D decays: manifesting around cos(64)=0.7, evaluated removing these events from the fit

« combinatorial background pdf shape: evaluated fitting with Chebychev polynomials

» factorization of the acceptance function (cos(6y), cos(0,), ®): evaluated fitting simulated samples with the shape used for the same
sample

» angular pdf model: compare the nominal pdf with the one obtained fitting events in a reduced fit range 5.2-5.7 GeV (to exclude
partially reconstructed B decays)

« ID alignment and mag. field knowledge: from tracks pT and n uncertainties

« fit bias: evaluated on simulated toy fits

« B9 pT spectrum: reweight the MC with data-driven scale factors and state the change in the fitted POls a a systematic uncertainty

* S-wave: non resontant Kt contribution evaluated from simulated toys (5% magnitude from LHCb studies)

* nuisances: m, g, sig. and bkg yields, combinatorial shape, signal acceptance are fixed in the second stage of the fit. The impact of this
strategy is investigated varying them alternatively within their uncertainty.

« fake K* background: count for peaking Kripp events by putting

them into combinatorial-only simulated toys. Included MC ¢ [GeV?] P P; Py P P
samples are: 0.04,2.0] | —0.0540.30+0.08  0.31+0.40+0.20  0.67+0.2640.16 —0.18+0.210.04 —0.2940.48+0.18
o /\b_)/\““ Ab—’pKUU B+_>K(*)+““ BO _>¢IJH [2.0,4.0] | —0.78+£0.51+0.34 —0.76+0.31+0.21 —0.33+0.31+0.13  0.31+0.28+0.19 1.07+0.41+0.39
3 L] ) S

[4.0,6.0]| 0.14+0.43+0.26 0.64+0.33+0.18 0.26+0.35+0.18 0.06+£0.27+0.13 —0.24+0.42+0.09
[0.04,4.0] | —0.224+0.26+0.16 —0.30+0.244+0.17 0.32+0.21+0.11 0.01+0.17+£0.10 0.38+0.33+0.24
[1.1,6.0] | —0.17+£0.31£0.13  0.05+0.22+0.14 0.01+0.21+0.08 0.03+£0.17+£0.12  0.231+0.28+0.20
[0.04,6.0] | —0.15+0.23+0.10  0.05+0.20+0.14 0.27£0.194+0.06 0.03+0.15+0.10  0.14+0.27+0.17

« mistag: uncertainty on the mistag comes from the statistical
uncertainty of the simulated sample used to compute it. Data-
MC differences are negligible.
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ATLAS: B> K° MM

FIT STRATEGY

« simplify the angular pdf by considering symmetries in
the =0 and B8I=11/2 angles
o reduce the POls that can be extracted depending
on the adopted folding
« UML fit to the mass and angular distributions
o signal mass shape: gaussian with width set to the

1 d‘r _ 9 |3(1-F1)
dI'/dq? dcosfrdcosfxdgpdg? 327 4

1-F
L sin? O cos 20y,

sin?0x + F, cos? O +

— Fy, cos? 0k cos 20, +S3 sin? Ok sin? 01, cos 26
+ Sy 8in 20 sin 2071, cos ¢+ S5 sin 20k sin O, cos ¢
+Sgsin? 0 cos@y,+S7sin 20 sin 0, sin ¢

+ Sgsin 20 sin 20, sin -+ S sin? O sin® O sin24|.  (2.1)

per-event mass resolution

o mass pdf for background: exponential

o angular pdf for background: polynomials
(factorizing)

o angular efficiencies: polynomials obtained from
simulated events

« Fit run in two steps:
1. fit the mass distribution and fix the mass
signaland background shapes
2. fit the full distribution and obtain the POls
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ATLAS: B> Ko 'U*W

RESULTS

Status and perspectives of physics at high intensity
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Figure 11. The measured values of Py, Pj, P;, Pj, P; compared with predictions from the
theoretical calculations discussed in the text (section 8). Statistical and total uncertainties are
shown for the data, i.e. the inner mark indicates the statistical uncertainty and the total error bar

the total uncertainty.
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CMS: TS U*P* Y

SYSTEMATIC UNCERTAINTIES

W channel HF channel

Source of uncertainty Uncertainty (%) Yield (%)
Uncertainty (%) D;" normalization 10 10
Source Barrel Endcap B(DF —»1+v) 4 3
Signal efficiency 7.9 32 B(Df » ¢t —utu—nt) 8 8
Limited size of simulated samples 4.3 6.2 B(B—DZ + X) 16 5
Integrated luminosity 2.5 2.5 B(B—T + X) 11 3
pp — W cross section 2.9 2.9 B/D ratio f 11 3
B(W —pv) 0.2 0.2 Number of events from L1 trimuon trigger 12 3
"?cftva\; —Tv) (9)2 (;32 Acceptance ratio As, / Ay 1 1
’ Muon reconstruction efficiency 1 1
BDT requirement efficiency 5 5
Total 16
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ATLAS: T* >Nt

SYSTEMATIC UNCERTAINTIES

 Uncertainty on the number of background events 19%
* signal efficiency: 13.1%

* trigger efficiency: 11%

* MC modelling: 4%

e et and MET calibration: 2.1%

e signal normalization: 3.9%
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