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Search for 7 — 3u decays using T
leptons produced in D and B
meson decays with CMS

CMS PAS BPH-17-004


http://cds.cern.ch/record/2668282

T — ppp State of the art

Physics motivations

- Charged Lepton Flavour Violation decay allowed by Standard Model (BF ~ 107)

neutrino oscillation M
- Predicted branching fraction smaller than v*/Z
experimentally accessible values [1] wt
W

- Many New-Physics scenarios predict branching ratio
enhancement [2]

Experimental state of the art T Vo Vu B
- Experimentally clean three-muon final state
- No signal observed by Belle [3], BaBar [4], LHCb [5] New Physics (BF ~ 10~8)
and ATLAS [6] no
- Most stringent limit (Belle): BF < 2.1- 108 (90% ;
CL) NP II u+
1
1
1
[1] Eur. Phys. J. C 8 (1999) 513-516 [2] Ann. Rev. Nucl. Part. Sci. 58 (2008) —_— s ¢
315 [3] Phys. Lett. B687 (2010) 139143 [4] Phys. Rev. D81(2010) 111101 [5] — w
JHEP 02 (2015) 121 [6] Eur. Phys. ). C (2016) 76:232
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Search for 7 — 3 with CMS

7 from D and B decays, using the data col-
lected in 2016, corresponding to 33 fb~' c

w+
[ ANALYSIS STRATEGY o

1. Select trimuon candidates

%]l
X
)

2. Train BDT to separate signal from

background

3. Define event categories based on
per—event trimuon mass resolution
and BDT score

w+ vy
4. Normalise with Ds — ¢ — (2u)m
events b = = c
B
5. Perform combined search for a ! q _ q

peak at m(3u) = m(r)
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Search for 7 — 3 with CMS

7 from D and B decays, using the data col- - Trigger: two muons plus one track
lected in 2016, corresponding to 33 fb ™' - mass and displacement
requirements

’ANALYSIS STRATEGY - Trimuon candidates:

1. Select trimuon candidates - pln ) 5 3 Gev, pi) > 2 Gev

- Sum of charge = +1
-+ 1.62 < m(3p) < 2.00 GeV
- vertex displaced from
3. Define event categories based on beam-spot (2 sigma)
per—event trimuon mass resolution
and BDT score

2. Train BDT to separate signal from
background

4. Normalise with Ds — ¢ — (2u)m
events

5. Perform combined search for a
peak at m(3u) = m(r)
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Search for 7 — 3 with CMS

7 from D and B decays, using the data col-
lected in 2016, corresponding to 33 fb~"

ANALYSIS STRATEGY

1. Select trimuon candidates

2. Train BDT to separate signal from
background

3. Define event categories based on
per-event trimuon mass resolution
and BDT score

4. Normalise with Ds — ¢ — (2u)T
events

5. Perform combined search for a
peak at m(3u) = m(r)

Signal +— Monte Carlo
Background < Data Sidebands
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Search for 7 — 3 with CMS

7 from D and B decays, using the data col-
lected in 2016, corresponding to 33 fb~"

ANALYSIS STRATEGY

1. Select trimuon candidates

2. Train BDT to separate signal from
background

3. Define event categories based on
per-event trimuon mass resolution
and BDT score

4. Normalise with Ds — ¢ — (2u)T
events

5. Perform combined search for a
peak at m(3u) = m(r)

Three per-event mass resolution categories
X
Two BDT score sub-categories

CcMS Preliminary 33 fb” (13 TeV)

mass
resolution
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Search for 7 — 3 with CMS

7 from D and B decays, using the data col-

lected in 2016, corresponding to 33 fp~! Three per-event mass resolution categories
X
Two BDT score sub-categories

ANALYSIS STRATEGY

1. Select trimuon candidates

CMS_Prolminary 33101 (13TeV).

2. Train BDT to separate signal from 0.09F CategoryA E

F — Signal 3

background 0.08F — ef:kgmund 1 2 3

. 3 1y E

3. Define event categories based on 007F  mot ]

per-event trimuon mass resolution 0.08F H E

and BDT score 005F E

0.04f E

4. Normalise with Ds — ¢ — (2u)T 0.03F E

events 0.02} E

. 0.01F E

5. Perform combined search for a ST ML
peak at m(3u) = m(r) -04-03-02-01 0 01 02 03 04

BDT output
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Search for 7 — 3 with CMS

7 from D and B decays, using the data col-
lected in 2016, corresponding to 33 fb ™" N N B(Ds — Tv) e(signal)
€T T B(Ds — ppm) e(pp)

B(r — 3u)

ANALYSIS STRATEGY

1. Select trimuon candidates

CMS  Preliminary 33 b’ (13 TeV)
2. Train BDT to separate signal from 5 c0000f-
background 5 [ e Daa
§ 25000 Total
3. Define event categories based on “ — D" and D,

20000~ " Background

per-event trimuon mass resolution
and BDT score 15000/

4. Normalise with Ds — ¢m — (2u)w

toooof- T e
events i
5. Perform combined search for a sooop

peak at m(3u) = m(T) cj I I ] 1 h I |

9 195 2
m(2u+1tk) (GeV)
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Search for 7 — 3 with CMS

DATASET CMS preliminary 3310 (13 TeV)

7 from D and B decays, using the data col- 160
lected in 2016, corresponding to 33 fb ™'

t Daa
+ — Signal (B{+—3u)=10")

120

—— Background-only fit

| ANALYSIS STRATEGY

100

1. Select trimuon candidates Bof

t

2. Train BDT to separate signal from

S/(S+B)-weighted events/0.01 GeV

background a 3
3. Define event categories based on zof_ _
per—event trimuon mass resolution e T
d BDT score 1.65 1.7 1.75 1.8 1.85 1.9 1.95 2
an m,, (GeV)
4. Normalise with Ds — ¢ — (2u)m - Maximum likelihood fit performed
events simultaneously on the six categories
5. Perform combined search for a - Dominant systematic uncertainty:
peak at m(3p) = m(7) Ds normalisation (10%)
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Search for 7 — 3 with CMS

7 from D and B decays, using the data col-
lected in 2016, corresponding to 33 fb~"

160

140

120

CMS Preliminary
ARARRRREE RN RE R RERRE|

33167 (13 TeV)
{ bam ]
—— Signal (B(t—3)=107) E

—— Background-only fit

ANALYSIS STRATEGY

100

1. Select trimuon candidates M

I

2. Train BDT to separate signal from

S/(S+B)-weighted events/0.01 GeV

background e 3
3. Define event categories based on 2l ]
per-event trimuon mass resolution N TN siu. SN T T T
1.65 1.7 175 1.8 185 19 1.95 2

and BDT score
mal(GeV)

4. Normalise with Ds — ¢ — (2u)T
events

No excess observed
Observed (expected) limits at 90% CL:

5. Perform combined search for a B(T — 3p) < 8.8(9.9) - 108

peak at m(3u) = m(7)
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B — K*utu~ angular analysis
with CMS

Phys. Rev. D 98, 112011 (2018)


https://doi.org/10.1103/PhysRevD.98.112011

Bt — K*utu~: overview
MOTIVATIONS
- b — s¢¢ FCNC mediated by

electroweak loop and box Z[y
diagram

|
= =

- forbidden at tree level b
- Amplitudes may interfere with ~ BT K+
non-SM contribution b < o

- Previously studied by BABAR [1],
Belle [2], CDF [3], and LHCb [4, 5]

- no hints of beyond SM physics

%]

[1] Phys. Rev. D 73 (2006) 092001

[2] Phys. Rev. Lett. 103 (2009) 171801
[3] Phys. Rev. Lett. 108 (2012) 081807
[4] JHEP 02 (2013) 105

[5] JHEP 05 (2014) 082
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Bt — K*ptp~: angular distribution

The differential decay rate d'/d cos 6, can be

written as:
1 dr 3 , 1
rdcos6, 2(17FH)(17C°S 91’»)+§FH+AFB cos 6y
—
- 0 the angle between the x~ and the K" o

in the dimuon rest frame
- Ars: utp~ forward-backward asymmetry

- Fy: measure of the contribution from
(pseudo)scalar and tensor amplitude
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Dataset and selection

SELECTION
- displaced low-mass dimuon HLT
- pr(p) > 3.5GeV

 n(p)| <22
© pr(up) > 6.9 GeV

DATASET

© 1.0 < m(pp) < 4.8 GeV

Vs 8 Tev - pr(K*) > 13 Gev

B 20.5 b~ "

N(B+ — K*putp—) 2286 + 73 * DCAy(K™)/onca > 3.3
- L/op > 10.6 (lifetime cut)
parameters measured Fu, Ars oL
q? range [1.0,22.0] GeV? - J/¢ and ¢’ resonance used as validation

LEADING SYSTEMATICS

1. Background distribution
2. Fitting procedure
3. Efficiency description
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B* — Ktu*u~ distributions

CMS 20.5 fb™* (8 TeV) 1000EMS 20.5 b (8 TeV)

2 [ 1<qg?<22GeV? I 1<qg2<22GeV?
(DlOOO— © 800
ooE
W[
© T
© s00—
Q .....
§ ‘‘‘‘‘‘

ol N
L 51 52 55 5.6

m(K u u) (GeV)

Figure 1: Signal — shaded area, background — dash-dotted line.
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BT — K*utu~ results

CMS 20.5 fb (8 TeV) 15CMS 20.5 fb1(8 TeV)
0 .
< 04 4+ Data Ty 4+ Data
o . — DHMV

4

—{j,%

0.5
-0.2
04 0 S é -‘-ﬁ*:
P B I S R P R P IR
0 5 10 15 20 0 5 10 15 20
R (GeV?) R (GeV?d)

Good agreement between the CMS results, Standard Model predictions
and previous measurements.
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Status and prospective of
B — K*%u* 1~ angular analysis by
ATLAS and CMS

ATLAS RUN-1 JHEP 10 (2018) 047
CMS RUN-1 Phys. Lett. B 781 (2018) 517


https://doi.org/10.1007/JHEP10(2018)047
https://doi.org/10.1016/j.physletb.2018.04.030

B® — K*9u*p~—: overview

MOTIVATIONS
- B® — K*0p* s described within the SM OO
as a FCNC b — see process 2/ wt
Y
- NP can change the angular distribution _
w+ K
Pé ANOMALY HISTORY
b s
BO K*O
d > d
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BO

— K*%utp~: overview

MOTIVATIONS

P{ ANOMALY HISTORY

1.

A. Bragagnolo (UNIPD & INFN-PD) |

Deviation > 3o from SM seen by LHCb [1]
on the P! observable at g> ~ 6 GeV?

Belle saw a similar deviation [2]
(preliminary)

Both ATLAS and CMS used their 8 TeV
dataset to measure (among others) PL

- CMS has extended a previous analysis [3]
were it already measured
- Apg — FB asymmetry of the muons
- F. — K*° longitudinal polarization
fraction
- As, Fs — S-wave fraction and
S/P-wave interference parameters

Flavour anomaly updates from ATLAS and CMS |

F T T T 1
| 1
F LHCb ]
1- SM from DHMV -
0:*'—{— + ]
£ —— ]

[ —— —— ]
o 3
2F =
0- 5 10 15 -
q [GeV¥c4]

_m2

o [ = S5/\/FL(1 — FL) |s one of several

angular parameters in the LHCh
parameterization

[1] JHEP 1602 (2016) 104
[2] arXiv:1612.05014
[3] Phys. Lett. B 753 (2016) 424
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B — K*Ou*p~: framing the “picture”

B® — K*utp~ de-
cay fully described as a
function of three angles
(8¢, 6k, ¢)anddimuon g’
(invariant mass squared)

[\
[l
[l
'
[}
1
[l

" rest frame

p
BO rest frame

ATLAS cMS

NG 8 TeV LHCb anomaly J/ap P’ - ATLAS

Lint 20.3 b~ 20.5fb~" — M5

Nsignal 348 1397 [ | || :

[1.0, 8.68] H¢|—|

2 2 AN B Ll P R B
q* range [GeV?] _ [0.04,6.0]  [10.09,12.86]  brbfostmb o)
[14.18, 19.0] g2 (GeV?)
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B — K*Ou*p~: selection

CMs

- lowmass dimuon trigger - dedicated lowmass dimuon trigger
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B — K*Ou*p~: selection

CMs

- pr(p) > 3.5 GeVZ; pr(K, ) > 0.5 GeV; - pr(p) > 3.5 GeV?; pr(K, w) > 0.8 GeV%;
pr(K*%) > 3.0 GeV? pr(pp) > 6.9 Gev?
- L/op > 12.5 (lifetime cut) © L/op > 12.0 (lifetime cut)
[m(Km) — mPPS(K*0)| < 50 MeV? - |m(Km) — mPP6(K*%)| < 90 MeV?
- 5150 < m(Kmpg) < 5700 MeV? © Im(Kmpp) — m™(B%)| < 280 MeV?
- asymmetric to suppress B — p X + DCA(K*?)/o>2 w.rt beam-spot

- reject 0.98 < g% < 1.1 GeV? (¢ resonance)
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B — K*Ou*p~: selection

- no PID to distinguish the two CP-states
- B = K= KT r )t~

© BY — K¥O(— K™ )t~

CP-state assignment based on mass
hypothesis closer to mPP¢(K*?)
+ mistag rate ~ 10%

CMS

- no PID to distinguish the two CP-states

. BiO — K*O(% K Tr’)/.ﬁ,u,_
© BY — K¥O(— K™ )t~

CP-state assignment based on mass
hypothesis closer to mPP¢(K*?)
+ mistag rate ~ 14%
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B — K*°u*p~: measurement

- Not enough events to fit the whole decay rate model in the various bins

- Both experiments exploited the odd symmetry of trigonometric functions and
“fold” the decay rate

- folding scheme depends on the parameter to measure, e.g. for Py and P, —
folding around ¢ = 0 and 6, = 7/2
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B — K*°u*p~: measurement

- Not enough events to fit the whole decay rate model in the various bins

- Both experiments exploited the odd symmetry of trigonometric functions and
“fold” the decay rate
- folding scheme depends on the parameter to measure, e.g. for Py and P, —
folding around ¢ = 0 and 6, = 7/2

- Parameters measured:

- ATLAS: FL7 537 54, 55, 57, 587 (—> P17 PZ, Pé, Pé, Plg)

- S-wave component neglected (a related systematic was estimated)
- CMS: Py, P}

- As, Fs, F_ have been measured in [Phys. Lett. B 753 (2016) 424] and here they are
fixed (their uncertainty is treated as a systematics)
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B — K*°u*p~: measurement

- Not enough events to fit the whole decay rate model in the various bins

- Both experiments exploited the odd symmetry of trigonometric functions and
“fold” the decay rate
- folding scheme depends on the parameter to measure, e.g. for Py and P, —
folding around ¢ = 0 and 6, = 7/2
- Parameters measured:
- ATLAS: FL7 53, 54, 55, 57, Sg, (—> P17 PZ, Pg, Pé, PIB)
- S-wave component neglected (a related systematic was estimated)
- CMS: Py, P}
- As, Fs, F_ have been measured in [Phys. Lett. B 753 (2016) 424] and here they are
fixed (their uncertainty is treated as a systematics)
- Leading systematics:
- ATLAS: combinatorial K background and partially reconstructed
B — D°/D"/Ds, X background
- CMS: As, Fs, FL uncertainty propagation, finite size of MC samples and fit bias
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B® — K*Opu*p—: ATLAS results

> T T S T T T
2 ATLAS (s=8TeV,20.3fb"* 3 ATLAS {s=8TeV,20.3fb" 4 pata
= 40 S5 fold, ¢ 0[4.0, 6.0] GeV? | S 30-S5fold, ¢° 0[4.0, 6.0] GeV*  — Total Fit Model —|
g - 4 = ===+ Signal
E g L - Background i
g 30— + Data - 2
2 — Total Fit Model w
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10
oL 1 e 0 I I I
0 1 2 3
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* 50 T T T 3 T T T T
= | ATLAS (s=8TeV,20.3fb" 4 Data b= ATLAS (s=8TeV,203fb" 4 pata
= S5 fold, q° O[4.0, 6.0] GeV2  —— Total Fit Model < 30-S5fold, g O[4.0, 6.0] GeVZ ~ — Total Fit Model —|
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-1
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B — K*®u*p—: CMS results

cMs 20.5 fb' (8 TeV) 60 cMs 20.5 fb ' (8 TeV)
> F 43<q2<6Gev? ¢ Data ') 43 < q?<6GeV? ¢ Data
& 5o Total fit S —— Total fit
© F N Correctly tagged signal 2 50 N Correctly tagged signal
S 40F 244, Mistagged signal 7 2474, Mistagged signal
S F - - - Background € 40| - - - Background
- [}
2 %0 i
k=
2 20

o

5 5.1 52 53 54 .55 O0 01 02 03 04 05 06 07 08 09 1
mKTT u7) (GeV) cos(6g)
CMS 20.5 fb1 (8 TeV) CMS 20.5 fb™! (8 TeV)
- %0 43<q?<6GeV? ¢ Data 2% 43 < q?<6GeV? ¢ Data
S 45 Total fit < 45 —— Total fit
T 40 N Correctly tagged signal © 40 N Correctly tagged signal
§2] 35 2474, Mistagged signal S 35 /474, Mistagged signal
S - - - Background g - - - Background
@ 30 2
25 1]
>
i1}

DN
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cos(Bk)
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BO

— K*utp—: CMS results

o LE 2o 150
3E ~+-cwms e = +cMs
25F —-LHCb 1 - LHCb
2F SM-DHMV N - Belle
150 0501 &Y sm-DHMY
1S
05F
-0.5 '—‘P‘ WRS
-1
_15:\\\\\”\\”\\”\\ P PRSI BRI IR _15\\\\\”\\”\\”\\ P PRI AR R
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B® — K*u*p~: P} state of the art

ao 15[
C +4-CMS - CMS measurement in
& LHCb excellent agreement with
. SM
4+ ATLAS

+ ATLAS measurement in
agreement with SM, with
some discrepancy (~ 2 o)
around the “infamous”
g°> = 5GeV? bin

- Still a lot to clarify

.\_A:fﬁm. between 4 and 8 GeV’
ANNN ANN l_‘

- ATLAS, CMS and LHCb
have all planned Run-2
analyses of
BY —s K*Optp—

SJSM-DHMV

sl Lo Lo L Ly T TR RN AR
0 2 4 6 8 10 12 14 16 18 20

92 (GeV?)
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Status and prospective of
B® — K4t~ angular analysis by
ATLAS and CMS

HL-LHC projections

YR: arXiv:1812.07638


https://arxiv.org/abs/1812.07638

O 2[ amas Preliminary —§— ATLAS JHEP 10 (2018) 047
[ Vs=14Tev, 3000 fo ,

[C Projections from Run 1 data CFFMPSV fit i
1.5 B-Kun theory DHMV —
theory JC —

[J ATLAS HL p10u6
[77] ATLAS HL p10u6 (stat. only)

=
7T
1

= H =
o | =
E EE— ]
-0.5— 3
b =
c. vy ey ey 9

0 2 4 6 8 10
P [GeVY]

- ATLAS provided projections at

of F, P1, P, P, Pg, P§ for
Lint = 3000 fb~!

- Uncertainties are estimated to

improve up to a factor5 ~ 9
w.rt. Run-1, depending on the
trigger
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CMS Phase-2 projection

0.5 CMS  Phase-2 Simulation Preliminary 3000 fb~' (14 TeV)
Ao B K CMS PLB 781 (2018) 517
L %wnh Stat. uncer. only
of = [Jwith vR18 syst. uncert.
05 e ey
- = == =
- =
g o1 Finer binnin,
S ol —{ifHEEae meromnng
-0
S odF
5 o (TS
Y N T R R S S PR B

12 14 16 18 20

o [Gev?]

Figure: Lower pads represent the statistical (upper pad) and
total (lower pad) uncertainties with the finer binning.

A. Bragagnolo (UNIPD & INFN-PD)

- CMS projected the

measurement of Pf for
Lint = 3000 fb~!

Uncertainties are estimated to
improve up to a factor 15 w.rt.
Run-1

- Opportunity to use finer g2

binning
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Summary and outlook




- Search for = — 3u decay, in sample from B and D meson decays with CMS
- No excess observed
- Upper limit set at 90% CL: B(r — 3u) < 8.9-107°
- Angular analysis of Bt — K*u*p™ with CMS
- Measured Ass and Fy with 20.5 fb~" at /s = 8 TeV
- Good agreement with prediction and previous measurements
- Angular analysis of B® — K*°u* =~ with ATLAS and CMS
- ATLAS measured Fi, Py, P, P., Pg, P for g* € [0.04, 6.0] GeV? (¢(1020)
resonance excluded).

- All measurements are found to be within three standard deviations from SM,
with the largest discrepancy being 2.7 for P. in the g? € [4, 6.0] GeV? bin

- CMS measured P; and P: for g* € [1.0, 19.0] GeV? (J/+» and ¥’ resonances
excluded) observing no deviations from SM predictions

Many other exciting B-physics results from ATLAS and CMS are in the
making. Stay tuned!
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Thanks for your attention!
Questions?



BACKUP



T — 3



Number of expected signal events, assuming B(+ — 3u) = 10~

Produced in pp collisions 4.9-10°
Three muons in fiducial volume 8.9 -10°
Trigger 328
Three global muons (pr > 2 GeV) 135
Trimuon candidate selection 93

Expected inclusive number of 7 leptons

Process Number of 7 leptons (33 fb~")
Do 7T 4.0 -10™ (95% Ds, 5% DF)
B—r1uv 1.5 102 (44% BT, 45% B°, 11% Bs)

B—D—rTv 1.5-10" (98% Ds, 2% D*)

D and B meson decay branching fraction

Process Branching Ratio
Ds — TV 5.48 4+ 0.23 %
Bt — 7uvD*° 274+03%
Other B — 7X 0.7 %
B® — 7uD** 274+03%
Other B® — 7X 0.7%
BT — DsX 9.0+1.5%
B% — DsX 103+21%

Ds — ¢p(pu)r  (1.3£0.1)-107° %




Expected signal yield

Nsig(o) = Lo(pp — Ds) B(Ds — Tv) B(T — 3H)A3/L(D)ﬁfélcoetrig(sig) (1)

N/J.;,Lﬂ‘ = ﬁO’(pp — DS) B(DS — QST(- — /J'/J'ﬂ-) AZ;LﬂEEgcgetﬁg(ppﬂ) (2)

B(Ds — TV) 5%_1&0 Ctrig(sig)
B(DS - H’Mﬂ-) Ggétcg Ctrig(ppum)

Nsigo) = Npupur B(r — 3u) (3)
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Signal modeling systematics uncertainties

Yield Shape

Source of uncertainty

Uncertainty on Ds normalization [ 10% ] 10%
Relative uncertainty in B(Ds — tv) [ 4% ] 3%
Relative uncertainty in B(Ds — ¢t — ppr) [8% ] 8%
Relative uncertainty in B(B — Ds + ...) [ 16% ] 5%
Relative uncertainty in B(B — 7+ ...) [ 11% ] 3%
Uncertainty in f (B/D ratio) [ 11% ] 3%
Uncertainty on D" as a source of 7 [ 100% ] 3%

4%

Uncertainty on Bg as a source of 7 [ 100% ]
Uncertainty in number of events triggered by trimuon trigger [ 8% ] 2%

Uncertainty in the ratio of acceptances Asig/ A2y [ 1% ] 1%

Muon reconstruction efficiency [ 1.5% ] 1.5%

Charged pion reconstruction efficiency [ 2.3% | 2.3%
5%

BDT cut efficiency [ 5% ]
Mass scale uncertainty [ 0.07% |
Mass resolution uncertainty [ 2.5% ]

- yes
- yes
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Dimuon invariant mass spectrum
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Results: K™y *p~ invariant mass distribution

Events/ 0.025 GeV Events/ 0.025 GeV

Events/ 0.025 GeV
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Signal — shaded area, background — dash-dotted line.



Results: cos @, distribution
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Signal — shaded area, background — dash-dotted line.



pdf(m, cos@y) = YsSm(m)Sq(cos B¢)e(cos by) + YeBm(m)Ba(cosBy) (4)

- free parameters: Ys, Yg, Afs, Fy
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Systematics uncertainties

Systematic uncertainty App (x107%)  Fy (x107)
Finite size of MC samples 0.4-1.8 0.9-5.0
Efficiency description 0.1-1.5 0.1-7.8
Simulation mismodeling 0.1-2.8 0.1-14
Background parametrization model 0.1-1.0 0.1-5.1
Angular resolution 0.1-1.7 0.1-3.3
Dimuon mass resolution 0.1-1.0 0.1-1.5
Fitting procedure 0.1-3.2 0.4-25
Background distribution 0.1-7.2 0.1-29
Total systematic uncertainty 1.6-7.5 4.4-39
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7 (GeV?) Ys A Fu F4(EOS) Fy(DHMV) Fy(FLAVIO)
1.00-2.00  169+£22  0.08 02 +£0.05 021792 +039  0.047 0.046 0.045
2.00-4.30  331+£32 —0.047012+007 0857531 +£014 0.024 0.023 0.022
430-8.68  785:+£42  0.00001+£002 001752 +004  — 0.012 0.011
10.09-12.86  365+£29  0.00 108 +£0.05 001 32 +006  — — —
14.18-16.00 215+19  0.01 10% +0.02 0.03 3% +£0.07  0.007 0.007 0.006
16.00-18.00 262+£21  0.04 5% +£0.03 0.07 3% +£0.07  0.007 0.007 0.006
18.00-22.00 22620  0.05 0% +£0.02 0.1073%+£0.09  0.008 0.009 0.008
1.00-6.00  7784+47 —0.14 7307 +£0.03 038 703 £0.09  0.025 0.025 0.020
1.00-22.00 2286473  0.00 1392 +£0.03 0.01 70 £006 — — — —
A. Bragagnolo (UNIPD & INFN-PD) | Flavour anomaly updates from ATLAS and CMS | ALPS 2019 |



Comparison with LHCb

15
£ o4l +CMS205/fb OO +CMS205/fb
< F 4 LHCb 1/fb C 4 LHCb 1/fb
- LHCb 3/fb C LHCb 3/fb
0.2_— + ‘L l_— +
o ? :%_}_ i -
: i g osf-
-02 L :l-_%_
C %L 4 ]
- S il== T
-0.4F 0 % !
N B B _ P e v o vy, 9, =, i,

o

10 0 5 10

15 20 15 20
@2 (GeV?) @ (GeV?)

A. Bragagnolo (UNIPD & INFN-PD) | Flavour anomaly updates from ATLAS and CMS | ALPS 2019 |



BY —
K*O
phps



ATLAS: systematics uncertainties

Source FL S3 S4 S5 S7 Sg
Combinatoric Kr (fake K*) background | 0.03 0.03 0.05 0.04 0.06 0.16
D and B* veto 0.11 0.04 005 0.04 0.01 0.06
Background pdf shape 0.04 0.04 003 0.03 0.03 0.01
Acceptance function 0.01 0.01 0.07 0.01 001 001
Partially reconstructed decay background | 0.03 0.05 0.02 0.08 0.05 0.06
Alignment and B field calibration 0.02 0.04 005 0.04 004 0.04
Fit bias 0.01 0.01 0.02 0.03 0.01 0.05
Data/MC differences for pr 0.02 0.02 0.01 0.01 0.01 0.01
S-wave 0.01 0.01 0.01 0.01 0.01 0.03
Nuisance parameters 0.01 0.01 0.01 0.01 001 001
Ay, Bt and B background 0.01 0.01 0.01 001 0.01 0.01
Misreconstructed signal 0.01 0.01 0.01 0.01 0.01 0.01
Dilution - - - <0.01 - <0.01
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ATLAS: complete results

4% [GeV?]

P

7,

Ps

/
P

L

[0.04,2.0]
[2.0,4.0]
[4.0,6.0]

—0.05 +0.30 + 0.08
-0.78 £ 0.51 £ 0.34
0.14 £0.43 £0.26

0.31 +0.40 +£0.20
-0.76 £ 0.31 £ 0.21
0.64 £0.33£0.18

0.67 +£0.26 +0.16
-0.33+0.31+0.13
0.26 +0.35+0.18

—0.18 +£0.21 + 0.04
0.31+0.28 +0.19
0.06 +0.27 +0.13

-0.29+0.48 +0.18
1.07 +£0.41 £ 0.39
—0.24 £ 0.42 £ 0.09

[0.04,4.0]
[1.1,6.0]
[0.04,6.0]

-0.22+0.26 £0.16
—0.17 £0.31 £ 0.13
—0.15+0.23 £0.10

-0.30+0.24+£0.17
0.05+0.22+0.14
0.05+0.20+0.14

0.32+0.21 £0.11
0.01 £0.21 £0.08
0.27 +0.19 + 0.06

0.01 £0.17 +0.10
0.03+0.17+£0.12
0.03+0.15+0.10

0.38£0.33£0.24
0.23 +0.28 +0.20
0.14 +0.27 £ 0.17
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CMS: dimuon invariant mass spectrum
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CMS: systematics uncertainties

Source P (x107%) Pi{(x1073)
Simulation mismodeling 1-33 10-23
Fit bias 5-78 10-120
Finite size of simulated samples 29-73 31-110
Efficiency 17-100 5-65
K7 mistagging 8-110 6—66
Background distribution 12-70 10-51
Mass distribution 12 19
Feed-through background 4-12 3-24
k., Fs, As uncertainty propagation 0-210 0-210
Angular resolution 2-68 0.1-12
Total 100-230 70-250
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CMS: complete results

7% (GeV?)  Signal yield P P Correlations
1.00-2.00 80+12  +0127035+010  +0.10 7)37+£0.07  —0.0526
200-430  145+16  —0.69 )35 4+023  —057 1031 £0.18 —0.0452
430-6.00  119+14  +0531033+£019  —0.96 )37 +0.25 +0.4715
6.00-8.68  247+21  —047 1% +£015  —0.64 715 +£0.13 +0.0761

10.09-12.86  354+23  —053 1039 +015  —0.69 ") +£0.13 +0.6077

14.18-16.00  2134+17  —0331033+£020  —0.66 753 +0.18 404188

16.00-19.00  2394+19  —053+0.19+0.16 —0.56+0.12+0.07  +0.4621
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