Analysis of BY — ¢u* = with LHCb data

FSP Meeting, Siegen

Sophie Kretzschmar, Christoph Langenbruch, Eluned Smith

RWTH Aachen, |. Physikalisches Institut B

October 6th, 2017

Emmy

Noether- A
Programm

DFG

S. Kretzschmar (RWTH) Analysis of B — oup October 6th, 2017 1/10



Probing for New Physics with BY — ¢(— K™K )utu~

https://en.wikipedia.org/wiki/Southern_rockhopper_penguin

o b — suu: Flavour Changing Neutral Current
e Only occurs via higher order diagrams - highly suppressed in the SM

e Sensitive to possible new physics contributions
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-
Run 1 Analysis

e Run 1 analysis in JHEP 09 (2015) 179
(“Angular analysis and differential branching fraction of the decay BY — optuT")

JHEP 09 (2015) 179

LHCb

7 SM pred.

+

= Data

0 1 1 1
15
¢ [GeV?/c4]

dB(B?—guu)ldg? [103GeV2c4]

e Result: Branching fraction around 3 ¢ lower compared to Standard Model
expectation at low g2 (invariant dimuon mass squared)

e Goal: Update analysis using Run 2 data
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-
Branching Fraction Analysis Strategy

First reproduce Run 1 analysis, then add Run 2 data.

dB(BY = ¢ p) _ B/~ pt ) Ngwow el

B(BS — J/U(D)dq2 B q%ax - qr2nin NJ/’¢¢ 6?&?“7

Trigger, preselection & mis-ID vetoes

MVA against further combinatorial background

Fits for event yields

Efficiency calculations using corrected MC simulations

Calculation of systematic uncertainties
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Trigger, Preselection and Mis-ID Vetoes
Run 1

e Dataset:

3fb™' Run 1 (2011/12) After preselection and mis-ID vetoes:
Run 2 (2015/16) to be added

® Trigger:

e L0 muon
e HLT1 muon track
e HLT2 topo

q? (GeVZ/ct)

® Stripping and preselection:

e Secondary vertex with good quality
e Cut around mgo and me

s g‘ 00 5200 5300 5400 5500 5600 5700 5800 1
o daughter PID M, (MeV/c?)
e Mis-ID vetoes: Still lots of combinatorial background...

, - BDT
o J/p¢p — KK double Mis-ID

o A — pKup background
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-
Multivariate Analysis: BDT

Run 1

® Suppress combinatorial background
® 10 kFolds

® Performance checked for different
hyperparameter settings

After selection and BDT applied:

@ (GeVi/ch)

® J/1¢ events as signal proxy,
higher invariant mass events as
background proxy

® |nput parameters:
B? kinematics, topology of event and
particle identification of daughters

L] Optimized BDT cut: Sic0 5200 530 5400 ?5‘1:0 ! selolol
96% bkg. rej. and 98% sig. eff. ) i
(Prev. analysis: = Rare decay signal visible!

95% bkg. rej, 96% sig. eff)

1 Il
5700 500 !
Mk (MeV/c®)
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|
Run 1 Event Yields (after all selection)

Control Channel Decay Rare Decay
BS = J/p(= ptpm)o B — ¢y~

©
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Ncontrol channel = 61963 4= 258 NRare signal = 442 + 24
(Prev. Analysis: 62033 + 260) (Prev. analysis: 432 £ 24)

In good agreement with results from previous paper JHEP 09 (2015) 179
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Control Channel Yields
Run 2 (2016)

Mostly same trigger, same preselection, same

hyperparameters as in Run 1

mis-ID vetoes; same MVA
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Current stage of the analysis: Efficiency calculations

e Use MC simulations (physics + full detector simulation) to determine
efficiencies

e Good agreement between data and MC crucial!

= Data-driven correction of simulation (J/1¢ events as control channel)

Reweighting, e.g. nTracks PID resampling, e.g. K~ PIDK

0.045

— MC i 0.05

-I- Data

MC reweighted

,:é 0.04) M#Jr == MC

+ Data
e MC nTracks & BO_pT rew.

laaaanaan

0.035
0.04,

== MC rew. & PID resampled

T T[T

0.03

RARANRARANRARRN RSN RARRNRA

1 1 1 I n L Il 1 1
100 200 300 400 500 600 0 20 40 60 80 100 120 140
nTracks Kminus_PIDK

orrTTT
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-
Summary & Outlook

Run 1 branching fraction analysis of BY — ¢puu: Around 30 devation from
expectation

Analysis status:

o Applied trigger, preselection and mis-ID vetoes to Run 1 and Run 2 (2016)
data

e Trained BDTs to suppress combinatorial background

e Reproduced Run 1 event yields, first event yields for Run 2 (2016) control
channel

e Current stage: Correction of MC for efficiency calculations

QOutlook:
e Improve preselection and background vetoes (e.g. study probNNs)

o Calculate efficiencies, obtain branching fraction and see whether anomaly
persists...

e Update of angular analysis
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BACKUP
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-
Stripping Line and Trigger

Run 1

e 2011 (Stripping21rl) with 1 fb~! at \/s = 7 TeV + 2012
(Stripping21) with 2 fb~! at /s = 8 TeV

e B2XMuMu stripping line

e Required Trigger:

LO LOMuon TOS

LODiMuon TOS

HLT1 | HIt1TrackAlILO TOS, HLT1TrackMuon TOS,

HIt1DiMuonLowMass TOS,

HIt1DiMuonHighMass TOS,

HIt1SingleMuonHighPT TOS

HLT2 HIt2Topo(2,3,4)BodyBBDT TOS,

HIt2TopoMu(2,3,4)BodyBBDT TOS,

HIt2SingleMuon TOS,
Hlt2DiMuonDetached TOS,

HIt2DiMuonDetachedHeavy TOS
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Data Set and Preselection
2016 Data

e 2016 (Stripping28) with 1.67 fb~! at /s = 13 TeV, B2XMuMu
Stripping
e Trigger: Mostly same as Run 1 analysis, but
o HittFrackAH0-FOS, HIt1TrackMVA TOS, HIit1TwoTrackMVA TOS
o Hit2Fepe(2;3;4)BedyBBDFFOS = HIt2Topo(2,3,4)Body TOS,
Hie2FopeMu(2:3:4)BedyBBBTFOS = HIt2TopoMu(2,3,4)Body TOS

e Same preselection, same mis-id vetoes

e MVA: Same hyperparameters as for Run 1, but different probNN
tunes (MC12TuneV3 = MC15TuneV1),
slightly changed BDT cut at 0.05 (Run 1: BDT > 0.06)
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|
B2XMuMu Stripping Line

variable cut value
BY X3 <8
BY Xt <16
BY DIRA < 0.9999
BY \ip > 121
Mo 4900 MeV < mpgo < 7000 MeV
Mg 0MeV < my < 6200 MeV
¢ Xep >9
¢ Xip >0
My - < 7100 MeV
(pt um) xfp >9
w*, = DLL,,, > -3
ut, u isMUON true
tracks y%p >9
tracks x?/ndf <5
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Preselection and Mis-ID vetoes
Run 1 and Run 2

Preselection:

variable | requirement
mpo 5100 MeV < mpgo < 5800 MeV
me |me — 1019.461| < 12 MeV
Kt K~ PIDK > —3.0
Mis-id vetoes:
variable requirement

[m(p=, K+ as u*) — 3096.916| for
isMuon(K™) or PIDmu(K™) > 5. > 45 MeV
(J/V¢p — KKpp double Mis-1D)
|m(ﬂ_7/‘l'+3 K_) K* as P+) - 5620'
for (PIDp — PIDK)(K*) > 10. > 50 MeV

(A — pKup background)

Detailed background studies will follow, studies on improving background

vetoes are ongoing (e.g. use probNN instead of PID in future)
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Multivariate Analysis
Run 1

e Suppress combinatorial
background

e BDT, kFolding with
k=10

e Input variables:
BO_ENDVERTEX_CHI2, BO_PT,
BO-IPCHI2_OWNPV, BO_FDCHI2_QWNPYV,
BO_DIRA_OWNPV, min(K_ProbNNk),
max(K_ProbNNk), min(mu_ProbNNmu),
(K, Mu)_IPCHI2_OWNPY

° Hyperparameters:
minNodeSize = 7.5%, nCuts = 500,
Boosttype = AdaBoost,
MaxDepth = 2

20

@ (GeVAich)

o, | il |
5100 5300 5400 5500 5600 5700 5800
M,k (MeVic

‘.
Signal Proxy : sWeighted control region
(£50 MeV around mgo, £75MeV around

my )
Background Proxy:  Upper BY mass

sideband (200 MeV above mgo, excluding q
of 8-11 GeV? and 12.5-15 GeV?; m,, window
of 50 MeV)
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-
sWeighting

Run 1

Fit model: Sum of two Crystall-Ball functions with common tail
parameters (signal), exponential function (background)

(8 < ¢® < 11GeV?) (Imup — myw] < 75 MeV)
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14000 — =
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12000~ frac1 = 0688 +0,049 225 frac1 = 0515 £0.085.
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{10000 0= 1612040 2000/ ne18
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Fit to fix tail parameters Fit to perform sWeighting
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|
BDT Input Variables (1)

Run 1

Input variable: BO_ENDVERTEX_CHI2 Input variable: BO_PT Input variable: BO_IPCHI2_OWNPV

(L/N) dN/1.02
(LN) dN/ 974
(1/N) dN/0.411

w (S.8): 0.0, 0.0)%/ (0.0, 0.0)%

UI0-flow ($,B): (0.0, 0.0)% (0.0, 0.0)%

A I ArsesTvwe: )
'5000100001500020000250003000035000 2 4 6 8 10 12 14 16
BO_PT BO_IPCHI2_OWNPV

input variable: K_MC12TuneV3_minProbNNk

E
2
|
<
3
o

(1/N) dN/ 6.11e+03
(1/N) N/ 2.56e-06
(1/N) dN/ 0.0256

5

L

gho-flow (S.B): (0.0, 0.00% (0.2, 0.1)%
UIO-flow (S.B): (0.0, 0.0)3% / (0.0, 0.0)%
UIO-flow (S.B): (0.0, 0.0)% / (0.0, 0.0)%

20 40 60 80 100120140 160180200220 24 08999 0,99992 0.99994 0.99996 099998 1 02 04 06 08 1
BO_FDCHI2_OWNPV BO_DIRA_OWNPV K_MC12TuneV3_minProbNNk
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|
BDT Input Variables (2)

Run 1

Input variable: K_MC12TuneV3_maxProbNNk Input variable: Kplus_IPCHI2_OWNPV
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- T  0.0014 T T T T T
8 S
2 Z0.0012 b
£z 000y £z £
s 3 s 3 5
S Z0.0008 G gz ooy kR
s 3 s 3 B
; = S “oo008 EE
g 0.0006 s 5
= < 0.0006 92
s 0.0004 s s
@ & 0.0004 4z
[ e e
H 0.0002 H 0.0002 q:
S S S
5 0 5 0 5
1000 200030004000 50006000 70008000 5000 10000 15000 20000 25000 30000 5000 10000 15000 20000 25000
Kminus_IPCHI2_OWNPV muminus_IPCHI2_OWNPV muplus_IPCHI2_OWNPV
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|
BDT Output

Run 1

Overtraining check ROC curve

= e 1
L D Testing Data (Background) ot
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0.05— K probNN: MC12TuneV2, j probNN: MC12TuneV3
= 0.91)
r K and p probNNs: MC12TuneV3
C . Ll

. o.
o 0.9 0.92 0.94 0.96 0.98

1
Signal eff
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-
BDT Cut Optimization on Testing kFold

Run 1

e Maximize significance ﬁ, try different BDT ¢

° Ns = (Nsig in CR) X

uts

B(B — ¢up)

B(BS = J/W(— pu)o)

e.g. (BDT response > —0.05):

® Ng = (Nbackground in rare

=0.01896

signal region)

extrapolated from the side bands

34 Optimal BDT cut: 0.06 with S/sq|

(S/sqrt(s+8) )

o Sy

[t(S+B) = 33.04

2h10 -0.05 0.00 0.05
BDT cut
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Run 1 - After All Selection

Event Yields - Control Channel (|m,,, — m,y| < 75 MeV)

Fit model: Sum of two Crystall-Ball functions with common tail parameters (signal),
exponential function (background)

ol= 1592 +0.18

gUUU 02=341%15
g a=-0.003999 +0.00022
‘:’5000 alpha= 1.545 +0.068
g fracl= 0.844 +0.017
\%4000 mean = 5371.381 + 0.096

n=70+20

3000 nBG = 2881 +101

nSig = 64372 + 268

2000

1000

5300 5350

5450
M(UEKK) (MeV/c?)

Ldblames
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Event Yields - Rare Signal Channel

Run 1 - After All Selection

Fit model from Control Channel, only yields and constant from exponential free

— ol= 16
§ 120 [ 2= 34
2 C a=-0.002134 +0.00095
s b N
S o alpha= 15
@ C fracl= 0.84
g [ mean = 5371
2 so[—
C n=70
N nBG = 191 +18
60—
- nSig = 458 +25
20—
20—
0 5300 5350 5400 5450 5550
MKK) (Mevic?)
2
IR T T SR |
i I T 1 [ 1 I l T i T T l i T l I I'TT
SEL *
o e e = s e

N = 442 + 24 (Paper: 432 + 24) (in 50 MeV around mgp)
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Control Channel Fit (|m,, — m;| < 75MeV)

2016 Data

)

6000

3

4 MeVi
¢
8

4000

Events /

3000

01=16.21+0.18

L3 02=345+16
a=-0.004124 +0.00026
alpha= 1.463 +0.052
fracl = 0.855 +0.017
mean = 5367.267 +0.094
n=102+28

nBG = 1977 £84

nSig = 63733 262

2000

1000

5300 5350 5400

m(upKK) (MeVic?)

H P T I T T
B Tt I =) T LI I
3 it T T T T i
3 i I I
w200 =50 0 5350 £y ey £y E

N = 61309 :l: 26 (|n +50 MeV around mBg) (N2016 expected ~f- N2011/12 =~ 55000)

f=

Kretzschmar (RWTH) Analysis of B — putu~

13 TeV-1.67fb 1
7 TeV-1.11fb— 148 TeV.2.08fb—1

October 6th, 2017

=0.89

24 /10



