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Introduction

e LHC is a proton-proton collider with high luminosity £~ 10*m=%-!

> large bb production cross section ~ 10nb™!/s x 500 x 10°nb ~ 5 x 100bb/s
> b quarks form hadrons (mesons and baryons)

e [3 mesons
> one beauty b quark (heavy)

> one spectator quark (light)

proton

> mass: m =~ 5.3GeV
> lifetime: 7 =~ 1.5ps

ct ~ 450 um — they fly!
> ‘botanics’ with many states:

proton

|Bi> = [bd) 1B% = |bd)
| B™) |b ) |IBT) = |bu) om0 o
5 = B=B",B.,B
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PRL, 112,101801
PRL, 120,111801

Leptonic B decays 1505, 07011

e Leptonic B decays have only leptons (e, i, 7, ) in final state
> for example: BY — p*p~ and BY — ptp~
> many other modes possible (or ‘forbidden’) as well

. " +
b - - n
0

Bd/s t,c,u \%

d/s "W M

e They are strongly suppressed

> SM branching fractions are small
(ignoring tiny contributions from Higgs boson exchanges)

B(B! - p"u)sw = (3.664+0.14) x 1077
B(B” = utpu )y = (1.034+0.05) x 10"

> SM expectation: 4-5% theoretical uncertainty! 0« o0 0
_ . . ‘BSII,L> _p‘Bs> iq|B9>
> B(B? — p"p7): decay time-integrated B with different lifetimes
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Why are they suppressed in the SM?

e Effective flavor-changing neutral currents b -
> no flavor-changing neutral currents in SM BO_ y
> Penguin and box diagrams, but no tree-level process J "
S
> CKM-suppression of B" — p*pu~ vs. BY — putu™: Forbidden in SMIi
> Cabibbo-Kobayashi-Maskawa matrix B wh Z
S |
d Vud Vus Vub d d/s t H
( s > = Vea Ves Ve < S >
b weak N ‘/td Ytrs ‘/tb , b mass u C t
VCKM u‘p: charm t‘(ip
0.974 0.225 0.004 vW ! VW
Verm| = 0.224 0.974 0.042 d s b
0.009 0.041 0.999 down <l_strange_beauty

e Helicity suppressed (VV — A interaction in SM)

> B mesons have no spin <€|_ ® 43»

> u have spin 1/2 Py s S, P,
> weak interaction is left handed
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‘Why?’ Search for ‘BSM’ physics!

e Already small additional decay width contributions visible

> because the SM decay width is so small b - _
N 201010 K

e Sensitivity to ‘beyond-SM’ physics Bd(?sv\fj:>www<
> no helicity suppression t Ty

d/s

e scalar couplings
e pseudo-scalar couplings b WX

> ‘extended’ Higgs boson sectors P reuls 7
. . ,C,ulqg Y,
> flavor ‘violation’: BY — u*tp~ vs B — utpu~ v -
X

e Two approaches

> model-independent: effective field theory
e parametrize new physics with operators and (Wilson) coefficients
e can include correlations to other processes

R Pl ...

> ‘top-down’: specific model
e new particles extending the SM world
e correlations between many processes precisely calculable
e more specific than above, but very model dependent
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Why? Search not for ‘BSM’ physics!

e Already small additional decay width contributions visib
> because the SM decay width is so small

e Sensitivity to ‘beyond-SM’ physics
> no helicity suppression
e scalar couplings

e pseudo-scalar couplings s b
> ‘extended’ Higgs boson sectors
> flavor ‘violation’: BY — ptp~ vs B Qputp™

)
e Two approaches

o
> model-independent: @Sﬁeld theory
e parametrize new & h operators and (Wilson) coefficients
o can include ¢ &1
et (2

s to other processes
> 'to ecific model
° tlcles extending the SM world
$ ations between many processes precisely calculable
0 ore specific than above, but very model dependent
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PRL, 109,041801
PRL, 118,191801

B? — utp— effective lifetime

e A second independent observable: BY — T~ effective lifetime
> measure B! lifetime with BY — "~ decays

+ —
_ e Bs(t)—>,u,+,u_)dt 70 <1+2A“ g ys+y§>

Sy T(Bs(t) = ptp)dt 11—y 1+.A“+“ ”
ot BT
> allows determination of Al A
BY mean lifetime 7o = 1.510 £ 0.005 ps '
S 08
Bg decay width difference Al'g, 0.6 |
ATy =Ty — gy = 0.088 £0.006ps—+ = [ |
3 027 i ' /
Ys = TBQAFS/Q = 0.062 £ 0.006 T o i op = /A : S
— scalar vs. non-scalar ‘new physics’ = %2} | [Non‘scalar v,
- < -04p | [ NP <cgg,c;;>> |
> SM prediction: el _
only the B?,, decays to dimuons: 08| e 151, s frees [P = Ligp =0 |
i S 10 ler=i/2 =3 ¢p free; [S] = 0;[P| = 1£10%|]
pwhtpo SM _ ' |P|=1,|9] =0 Excluded at 95% C.L.
AAF o —|—1 - TM+M_ o 1615 pS 0.6 0i8 1i0 1i2 1i4 1.6 1.8 2.0 2.2 2i4
R = BRexp(Bs = ptu™)/BRsm(Bs — p ™)
e One measurement to date:
> LHCb 2017: 7,1 ,,- = 2.04 £ 0.44 + 0.05ps
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1908.07011

Theoretical context 1902.08191

2020 1908.07011

o 4. G - —e—
e SM predictions based on @ F o —.—
2015_ ...............................................................................................................................
> NNLO QCD E g e L
~ NLO EW 2010 e T T e
. L EPJ, C57, 309
> power-enhanced ll QED corrections | °
(larger than anticipated) 2005:_ .......... P L’8566,115 ................................................................................................
> external input (important!) D000
e Error budget (re[ati\/e) 1995 T S —
- NP, B400, 225
> long focus on decay constant fxo - 10°
> lattice QCD: f po at 0.6%! BE(BY - i) SM prediction
(FNAL/MILC, tbc)
® f(Bs), Nf=2+1+1 @ CKM m(t) ® f(Bs),Nf=2+1 @ CKM m(t)
@® parametric ® nonparametric @ LCDA @ parametric @ nonparametric @ LCDA

parametric: I's, as
nonparametric: uyw, up, h.o.
LCDA: AB, 01,2

Urs Langenegger Measurement of B — u+u_ at CMS (2019/09/23) 8



Experimental context

e B(BY — ptp~) and B(B® — p ) with long history:
c —
S =
5 L
= 10 E_
3 =
CIE.) |
- 107
o —
o [
a -
L 10°E-
-
E 107"
) =
) -
>
w 10°F
m R
107° g‘ v L3

—| A Belle ‘o e

o SM: B — s 0

10_ ° | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | |

1981 1986 1991 1996 2001 2006 2011 2016 2021

Year
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Analysis overview 3.0

e Signal BY — pup~
> two muons from one decay vertex
invariant mass 0.2
secondary vertex, isolated
momentum in flight direction

® Toy Data (sideband)-
O Toy Data (blinded)

0.1 ) B2 -
I o _
/.B\ i rare peaking BG |
/ % i W rare sl BG i
. Bac kg rou nd O h_‘ sr,v‘[{o:oo’% k] | | | | | | | |
> combinatorial (from sidebands) 5 52 54 56 58 6

m,, [GeV]

two semileptonic (B) decays (gluon splitting)
one semileptonic (B) decay and one misidentified hadron

> rare single B decays (from MC simulation)
non-peaking, e.g. B - K p"v, Ay — pu'v
peaking, e.g. B - KK~

e The goal: keep signal, very strongly reduce background!
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Methodology

e Measurement of BY — 1+~ relative to normalization channel:

B(B) — p u") "] 5+ Ju B(B" — Jip [t 1K)
s TP MM = > — po
N(Bt — Jhp K+) egé fs

> Bt = JWKT, Jhb — ptu~, with B(BY — Jhp K+) = (1.01+0.03) x 1073

e Reconstructed decays for this result:

> B — utp: ‘signal’ sample
> Bt — JAp K*™:  ‘normalization’ sample
> BY — Jh) ¢: ‘control’ sample for BY mesons

e Analysis steps
> strict muon identification with boosted decision tree
> tight candidate selection with (another) boosted decision tree
> unbinned (extended) maximum likelihood fits to selected events
e branching fractions B(BY — p"p~) and B(B® — utu™)

o effective lifetime 7,
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o

o©

HLT Tracking Efficiency

o
[N

CMS-DP-2018-038

B physics trigger

e B physics mostly triggered with (displaced) dimuon (+X) triggers
(displaced from pp collisions; B hadrons have a lifetime of about 1.5 ps)
> other setups are in progress/under analysis

e L1: hardware trigger based on muons
> < 4 us latency
> no explicit muon p | threshold (strong B field implies p | > 3 GeV in barrel)

e HLT: high-level trigger

=
N
T

©
N
T T

> full tracking and vertexing > specific trigger paths
2018 (13 TeV) ° 2018 (13 TeV) 011 13.1 fb1 (1 3 TeV, 201 6)
S u‘ e‘ } itions 7 T e Q > Trigger paths
. CMS Ln__zju;;h thuadmpms 6:5 - C It' Jiiiie 2018 Congitions 8 o CMS _—
- ulal [ Low p_quadruplets g diaen : efault tracking ~ 10 Prelimina 7y
1 I + Tripletsin jet ry '
B I -+ Doublet recovery LCE 1 n 9 J/lp -
B =fficiency with perfect detector 7 e " ake rate with:perfect detec "E 1 O B
1 o ¢ : v
8 | R i > 3 w Y I low mass double muon + track
L i = I T i 10 B double muon inclusive
i -1 ;
6 10 : o 107 n @ °
I g3 Z
i 10°
107 10°
tt ts <PU> =50 <
|nt21\c/ﬁn<52,5, p:ack s cey tievent tracks <PUS =50 10*
Ll Lol Lol -3 L] - - R - - L
10
1 10 102 1 10 102 1 0 10°
simulated track p_[GeV] simulated track p_[GeV] u*w invariant mass [GeV]
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CMS-DP-2018-014

Displaced J/iy and BY — utu~ triggers

e HLT ‘displaced’ J/i
> two muons with opposite charge
> 2.9 <my, < 3.3GeV

> Ly /0 (lyy) > 3
> cosa > 0.9, P(x*/dof) > 10%

e HLT ‘displaced’ J/ip + track(s)
> two muons with opposite charge
2.9 <my, <3.3GeV, Uy, /o(lyy) >3

> cosa > 0.9, P(x?/dof) > 10%
> invariant mass requirements on tracks
(targeted towards ¢ — KK ™)

o HLT BY — putpu—
> two muons with opposite charge
> inv. mass 4.8 < my, < 6.0GeV

> p1 > 4.0(3.5)GeV, P(x?/dof) > 0.5%
> no displacement requirement!

Effi

[
=
F :

2 Ay /o (Lzy) > 3 (HLT)

Dataset
> 2011: 5fb~'at /s =7TeV

> 2012: 20fb~ " at /s = 8 TeV
> 2016: 36fb™" at /s = 13TeV
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Reconstruction |

e Variables based on Puu
> kinematics: n and p + “
muons ” _
B candidate " u
> vertexing: asbp
point angle a3p ¢
flight length ¢5p ¢
impact parameter d63p ! 4 g
¢ /-
¢ /7
' (4
4,
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Reconstruction Il

e Isolation (optimized cuts for background rejection and data/MC similarity)
> 1 =pig/(Pip+ Y wPL): pL > 09 AR < 0.7,dcy < 0.05cm

> L, =p1,/(pL,+ Y PL): pL>0.5,AR < 0.5,de, < 0.1cm
> N count tracks with p; > 0.5GeV and d., < 0.03cm
> d2.: minimum d., of these tracks to B-SV

(Ztrk w/ tracks from B-PV or no other PV, but passing d., requirement)

Y
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CMSPreliminary 16 fb™ (13 TeV)
T T T T ‘ T T T T ‘ T T T T ‘ T T T T

Mu lt'i - Va r'i a te a n a lySi S 15001 o3 Siane) (MG Salation)

e Boosted decision tree
> Run 1: BDT unchanged wrt PRL,111,101804

> 2016: new BDT trained (same variables)

e BDT training (TMVA)
> signal: BY — p™p~ MC simulation
> background: data dimuon sidebands
> avoid selection bias

1000

Candidates / 0.02

500

-1 0.5 0O 05 1
BDT discriminator

e split data randomly into three subsets (0,1,2) zooooCth* 'irej"/r?ﬂ"ﬁy IR (AT
e train on 0, test on 1, apply on 2. etc. -2 e simulation :
— in each channel, have 3 BDTs §1sooo .
> many validation studies g :
. . e s 10000 -
> defines categories for best sensitivity 3 i 1
©
. . @) L ]
e Systematic uncertainty [dB*;J/wK*)} 2% !
> double ratio D D = ‘Z\gﬁ;ﬁ;l) data - iz
€ — 2F |
> 5-10% on efficiency ratio { S(BI= /0 &) }Mc §12i i 1%&@ :
> 0.07 ps on effective lifetime 0'8_1 e

BDT discriminator
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CMS Preliminary 36 fb™ (13 TeV)

R 10— ¢ data —— full PDF
L By B 'y
. combinatorial bkg semileptonic bkg
L B- hyu'p bkg === peaking bkg

2016A Ch 0-BDT bin 1

min

| L1 ]

> per-event dimuon mass resolution o (m,,,,) 055 5175055 na 55 5e 57 59 59

m,- [GeV] .
> C: binary distribution for dimuon bending configuration (against possible bias)
C(41): bending towards (away from) each other

e 3D Fit for B(B? — pp~) and B(B — pp™)

Entries / 0.05 GeV

P(my; o(mpuu)) X Plo(muu)/muu) X P(C)

> dimuon mass m,,,

e Components of model

Component Mass Width Mass resolution
Signal CB KEYS, ocg = k X o(mpuu) | KEYS
Background hh CB+G KEYS KEYS
Background hup, huv KEYS n/a KEYS
Combinatorial background | Bernstein pol1 n/a KEYS (sideband)

(CB: crystal-ball, G: Gaussian)

> 2 parameters of interest: B(B? — utp~) and B(B? — ppu™)
> constraints on nuisance parameters

e gaussian: f./f., BT — Jjp KT, efficiency ratios
e lognormal: rare background yields

e 1-3% systematic error from unknown BY — 7~ eff. lifetime
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Rare background yields

CMS simulation

I I I i
e Rare background yield expectations i rare decays ]
. . %_) 128 Ny - PIT ]
> known branching fractions O L Ay — PHV ]
. . . o 10 Bl A, - pK |
> absolute yield from normalization sample: & | o UG
o 8 med Kk .
tot P 6: Sg B i;ﬁ}f_" .
— tot — R BY —
w e fo B(BY = Jp et ]K)  § 4 A
+ + ! B - Bz - K i
XN(BT = J[u" pn”]K) © o B KK S
1 IR R P BRI B
with 4.9 51 53 55 57 59
) m .- [GeV]
B—hh __ BDT signal
€tot — w-l—(pJ_a 77) X W-— (pJ_v 77) X 8£Lna ) X A X §5trig - )
> rare hadronic decays: complete set e
> rare sl decays: incomplete set/low statistics s
— scale factor in low sideband S
> extensive validation with inverted muon ID selection £ <
> new muon ID: peaking background is very small o \ \ \
R RRB A\ W RN
49 5 51 52 5&?“‘“?‘[26\5/.]5 56 57 58 59
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Results |

e Branching fractions from 3D UML fit:

B(B] — p'u") =
BB = p'pu) =
BB’ = p) <

2.9706(exp) £ 0.2(fs/ fu)] x 107"
(0.8713) x 107

3.6 x 107" (95%CL)

(3.0 x 10~ "expected )

> Observed (expected) significance:

Combined mass projection
for high-BDT categories

CMS Preliminary 36 fb™ (13 TeV) + 20 fo™ (8 TeV) + 5 fb™ (7 TeV)
40F

¢ data full PDF
RNy Ty Gl Ty
350 e combinatorial bkg ~ «eee- semileptonic bkg
C B- hu'u bkg -.=:=. peaking bkg
30
> C
D C
O 25
<
o
o
Z 20
%
RCR
= 15
C |
Ll C \
10f \
SEen, \
C Songe. A\\‘

0 ‘ rii X Ik
49 5 51 52 53 54 55 56 57 58 59

O + T e m . [Ge\/]
B, - p pu :5.6(6.5)0 i
0 + . CMS Preliminary 36 fo* (13 TeV? +20 fP'l(S T:eV)+5:fb'1 7 TeV) 0. 8x10? 36 fb'l"(uls TeV)+20:fb'1 (8 TeV) +5 ™ (7 TeV)
B” — u"u:0.6(0.8)0 " : cMs
1 -- Expected (med.) |- 0 7' Preliminary
[ Expected (+10) ’ e
—e— Observed p_ 0.181
= Consistent with SM
—
Q
0 o
B — p s T
not included
IR, . E 1 Iléll IIEIIx].()_9
0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 05 0 1 2 3 4 5 6 7 8
BF(B°- W) BF(B] - kW)
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CMS Preliminary 36 fh(13 TeV) + 20 fb™(8 TeV) + 5 th(7 TeV)

160 __ ® Data
o full PDF
esults |
140 peaking bkg

------ combinatorial bkg
...... semileptonic bkg

e Primary result from 2D UML fit: ;,Z_
T(B, = pu'ps) = L70555ps % i3
> systematic error small: 0.09 ps 40—
> expected error: (173)) ps 20 e

.
.

Decay time [ps]

= Consistent with SM

CMS Preliminary 36 fh(13 TeV) + 20 fb™(8 TeV) + 5 tb(7 TeV)

¢ data
— full PDF
Ty
peaking bkg
----- combinatorial bkg
----- semileptonic bkg

e Result from sPlot method: 50

0 — 0.52
T(B, — ptu™) = 1.55__%.33 ps 40
CMS Preliminary 36 fb™* (13 TeV) + 20 fb™ (8 TeV) + 5 fb™* (7 TeV)

. ¢ Weighted data (B)
30 —— Fit result

Entries / 0.04 GeV

Sum of Weights

} % +049 _'IIIII"'IJA—‘—F.M\‘\I\\ AT CRERI KRR

) €XPECted error: (T3 ) pS 9 5 51 52 53 54 55 56 57 58 59

1 2 3 4 5 6 7 8 9 10 11
Decay time [ps] My [GeV]

»O
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Conclusions

e BY — utp~ and BY — 't~ decays with Run 1 and 2016 data
> update of branching fraction measurements
B(BY = pfu™) = [2979%(exp) £ 0.2(f./f.)] x 107°
BB — pu ™) < 3.6x1071 (95%CL)

(Bg — pp significance: 5.6 o obs, 6.5 o exp, these results supersede PRL,111,101804)

.
D f] rSt 7-/J/+ ,Ll/ — m eaS u re m e n t Of CMS s CMS Preliminary 36 fo (13 TeV) + 20 fb™ (8 TeV) + 5 fb™ (7 TeV) CMS Preliminary 36 fb7(13 TeV) + 20 fo'(8 TeV) + 5 b '(7 TeV)
F ¢ data — ful PDF 1601 § Data
r By pW ) B~ r —_— qu DF
— 17 O_|_() .61 o s el ijL per i
7_,u+ I 0.44 pS E i -

120

> all results consistent with SM
do not over-interpret ‘low’ result(s)!

> (very) long delay due to MC issues .y
‘irrelevant’ in statistics limited result &t ST R,

my, [GeV] Decay time [ps]

Entries / 0.04 GeV
Entries / 1 ps

e End of PSl involvement in B — " u~

> focus on other decays
leptonic (forbidden) B decays with hadronic 7 reconstruction

maybe eventually BY — 777772

Urs Langenegger Measurement of B — p ™ at CMS (2019/09/23) 21






Summary of systematic errors

e Uncertainties dominated by small signal sample size

> relative errors for B(B) — ptp~), absolute for 7.+ -
Source B(By = pru™) [%] 7,4

Kaon tracking 2.3 — 4 — —
Normalization yield 4 — —
Background yields 1 0.03 (*)
Production process 3 — —
Muon identification 3 — —
Trigger 3 — —
Efficiency (data/MC simulation) 5 — 10 — (*)
Efficiency (functional form) — .01 0.04
Efficiency lifetime dependence 1 — 3 (*) (*)
Era dependence 5—-6 0.07 0.07
BDT discriminator threshold — 0.02 0.02
Silicon tracker alighment — 0.02 —
Finite size of MC sample — 0.03 —
Fit bias — — 0.09
C-correction — 0.01 0.01
Total systematic uncertainty 8y x 1077 0.09 0.12
Total uncertainty oy x 1077 oo oo

(*) included in other item
> successful cross check of g with measurement of B(BY — Jh) ¢)
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CMS Preliminary 517 (7 Tev) CMS Preliminary 510 (7 TeV)

data —— full PDF 6~ o daa full PDF
N BY - [RTyTY [ OB .pw B W
combinatorial bkg semileptonic bkg = - combinatorial bkg semileptonic bkg
° ° B- hu'p bkg ----= peaking bkg 5L B- hu'y bkg -+ peaking bkg
2011 Ch 0-BDT bin 0 L 011 Ch 1 - BDT bin 0
> > L
1L detallS (PLoLs 2011 ¢ central | 54 forward
wn n E
=] =]
o o
— - 3
0 12 IR
.Q Q2
€ € .
i} oo2r
\ 1
4%\ L
AN
0 \\ 0 I R AR AT
49 5 51 52 53 54 55 56 57 58 58 49 5 51 52 53 54 55 56 57 58 59
central S forward B
CMS Preliminary 20 b (8 Tev) CMS Preliminary 201b7 (8 Tev) 2 CMS Preliminary 20 b (8 Tev) CMS Preliminary 20 fb™ (8 Tev)
£ data —— full PDF 12— data —— full PDF t data —— full PDF L data —— full PDF
201 B — By [ B«uu B -y F B i By E B~uu By
E bkg . bkg L combinatorial bkg semileptonic bkg r combmatonal bkg semileptonic bkg 161 - combinatorial bkg semileptonic bkg
18 B~ hu'W bkg . peaking bkg 10— B- hu'y bkg peaking bkg 20; B~ hu'W bkg - peaking bkg r B-. hu'y bkg === peaking bkg
16 2012 Ch 0-BDT hin 0 [ 2012 Ch 0 - BDT bin 1 r 2012 Ch 1 - BDT bin 0 14; 2012 Ch 1-BDT bin 1
> > > > F
@ 14 o gl [ v 12—
o o 8 o [ [l
8 12f 8 S 8 10
[S) SIS SN c [
= 10 - 67 - E - C
7] (7] rl 0 = o 8
2 0 1 2 8 3 8 3 °F
= 8 = = = C
[=4 f=4 f= =4 =
i o 4 ] oo
6 £
s ‘ ‘ ‘
2 | EXARNAKY
4 I &U\\\ oLl T‘\\‘\T 0 4 Lisaserdeei e s L L L o o )
49 5 51 52 53 54 55 56 57 58 58 49 5 51 52 53 54 55 56 57 58 59 49 5 51 52 53 54 55 56 57 58 58 49 5 51 52 53 54 55 56 57 58 59
m,- [GeV] m.- [GeV] m,- [GeV] m.,- [GeV]
CMS Preliminary 36 fb (13 TeV) CMS Preliminary 36 fb™ (13 TeV) CMS Preliminary 36 fb (13 TeV) CMS Preliminary 36 fb™ (13 TeV)
12— 4 daa J— mu PDF 10 o daa —— full PDF sof. ¢ daa —— full PDF E data full PDF
[ CONUBl-p'w oy STy B .y [ owel-pw Ty 18 B Ty Tty
[ - bkg bkg = combinatorial bkg semileptonic bkg r combmalonal bkg semileptonic bkg £ + combinatorial bkg -+ semileptonic bkg
10 B- hu'y bkg . peakmg bkg L ~ hu'W bkg peaking bkg L h' i bkg ---.= peaking bkg 16E B- hu'y bkg ---:- peaking bkg
[ 2016A Ch 0 - BDT bin 0 8- 2016A Ch 0 - BDT bin 1 i 2016A Ch 1 - BDT bin 0 E 2016A Ch 1 - BDT bin 1
> L > > L > 14
[ [} [0 F [0] .
1 ] (O] O 20 (O] 12
wn n wn L n I
=] =] e L S
=] =] o [ S 10
= = < 15 =
n 123 n 172
.Q 2 .Q 2 g
= = = =
[= [= [= [=
fin} ] w10 w e ‘ ‘
5 I T T T ‘ ‘ T
il PR PR R R i W i NANRnRnN 0 pvdaiin 1 N L el . codin bl
49 5 51 52 53 54 55 56 57 58 58 49 5 51 52 53 54 55 56 57 58 59 49 5 51 52 53 54 55 56 57 58 58 51 52 53 54 55 56 57 58 59
.« [GeV] m, [GeV] m, [GeV] m, [GeV]
CMS Preliminary 36 b (13 Tev) CMS Preliminary 36 fb” (13 Tev) 2 CMS Preliminary 36 b (13 Tev) CMS Preliminary 36 b (13 Tev)
30b data —— full PDF 8 o dam —— full PDF t ¢ daa — full PDF 10+ data —— full PDF
E E! — Ty EOOue-pu B .y NNy Ty r Bs~uu B W'
r bk E bkg £ cumblna(una\ bkg semileptonic bkg r combmalunal bkg semileptonic bkg L E cumblnalonal bkg semileptonic bkg
L ~ hu'W bkg - peaking bkg = huw bl peaking bkg 20; hu'W bkg - peaking bkg L hp'p bkg =w=:=: peaking bkg
G 2016B Ch 0 - BDT bin 0 C 2016B Ch 0-BDT bin 1 r 2016B Ch 1 -BDT bin 0 8- 2016B Ch 1-BDT bin 1
> f > o > [ > [
) L () = ) ()
16B 3. 3 3 ¢ 3 |
v 0 0 10
©o [ = = =
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Fit details (numbers)

e Obs signal yield 60.8

52 with (p) = 17.2GeV

> peaking background is ~ 5 — 10% of B — p*u~ yield
> uncertainties include statistical and systematic errors
> signal yields (and errors) determined from B (and include normalization errors)

F F
Category N(BY)) N(B" Neomb Ng. /100 (p) (BY))[GeV]  erot/eg
2011/central/high 3.670% 04706 84438  750+£30 16.4 3.9+ 0.5
2011/forward/high 20105 0203 32£22  220+12 14.9 7.5+£0.8
2012/central/low 3.770% 04700 11584113 790 £ 32 16.1 3.8 +£0.5
2012/central/high 9.372% 1.0ty 302473 2360 £ 95 17.3 3.2+ 0.4
2012/forward/low 1704 02103 116.7+£11.0 190 £9 14.3 7.3 £ 1.0
2012/forward/high 473 0510% 31,0465 660 & 27 15.5 5.9 £ 0.8
2016BF/central/low ~ 2.2%02  0.2t0%  43.0+£7.1 580+ 23 17.5 3.1+ 0.4
2016BF/central/high  4.015% 04798 13.3+£4.7 1290 £ 57 19.3 2.5+ 0.3
2016BF/forward/low  3.710:% 04707  168.8£13.5 780 £ 31 15.8 3.9+0.5
2016BF/forward/high  8.1%30 08715 64.24+9.7 1920 £ 78 17.5 3.4+ 0.4
2016GH/central/low 41150 0.470% 1288 £12.0 1020 & 44 17.2 3.3+£0.4
2016GH/central/high  3.619%  0410% 78436 13204+ 54 20.8 2.2 £ 0.2
2016GH/forward/low  6.1777%  0.671 0 133.44+12.5 1260 4 51 16.2 3.9 4 0.4
2016GH/forward/high ~ 3.9750 04703 141446 1180 £49 19.5 2.7+ 0.3
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PRL,115,262001

A note on fs/fu PR,D100,031102

o f./fu.is external input for B(BY — upu™)
> experimental situation not entirely clear
e LHCDb sees p, -dependence (PR,D100,031102)
e ATLAS does not see p, -dependence (PRL,115,262001)
e CMS does not see p | -dependence (internal study with control sample)

> fragmentation fraction x g not measured
(zp: fraction of b momentum — B)

e Ad hoc error added 2035
> PDG f,/f., = 0.252 & 0.012, based on < 1 -
V5 = 7TeV results of LHCb/ATLAS 0.3- :
> additional ad-hoc error :

difference between PR,D100,031102 and PDG 0250 e .+O'252 ]
p dependence from PR,D100,031102 I 3§ : 9-2401 TN
fo/fu = 0.2520.012(exp.) & 0.015(CMS) 0.2:) PP

| M ATLAS |s = 7TeV (PRL,115,262001)

= Our result can be rescaled o ttcn (o 13vm (o, 1 othct
> /s and p, of signal candidates provided 0_155 2 H“?bsf‘:?'ef“f’ %SngﬂL”xC?‘l?;“Ffz?l?’;ﬁc;? s
for each category/channel/running period p_[GeV]
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Lifetime fitting

e Determination of proper decay time ¢t = m ¢3p/p in 3D space

e 2D unbinned extended maximum likelihood fit to
> B mass and t decay time in therange 1 <t < 11ps

(o, as conditional parameter, complete propagation of uncertainties)
> Efficiency correction (mostly HLT)

> model components mass shape source fit params
Signal CB MC fixed
BG huv, hup G w8-MC fixed
BG hh, B — utu~™ | CB+G w8-MC fixed
Combinatorial BG Bernstein pol1 sideband | floating
decay time shape source fit params
Signal expo®res*) MC floating
BG huv, hup expoxres w8-MC fixed
BG hh, B — ™ | expo®res w8-MC fixed
Combinatorial BG expores sideband | floating

. SPZOt lifeti me fit (*) 'res’ includes resolution and efficiency (no efficiency correction for the combinatorial background)

> sPlot weights from B(BY — p™ 1) model
> binned maximum likelihood fit with resolution and efficiency modeling
> custom algorithm for correct (asymmetric) uncertainties

= Consistent results between the two setups
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JINST 3, S08004

The CMS detector

e Design prioritization

> lepton ID Calogmeter
— Mmuons

> b/T tagging \@ : S
—s tracking/vertexing =~ “#L_ i
> jets and Bt
— well suited for B physics

Superconducting Solenoid

Silicon Tracker

7 BN ‘ Pixel Detector

Weight 12’500t
Length 21.6m
Diameter 15m
Magnetic field 3.8T

Calorimeter
Electromagnetic

Calorimeter
Detectors

Component Characteristics Resolutions Compact Muon Solenoid
Pixel 3/2 (4/3) Si layers 6z &~ 20 pm, d4 = 10 um ) )
Tracker 10/12 Si strips S(p)/pL ~ 1% Tracking resolution:
ECAL PbWO, SE/E ~ 3%/VE @ 0.5% impact parameter ~ 15 um
HCAL (B) Brass/Sc, > 7.2\ SE/E ~ 100VE% , ,
HCAL (F) Fe/Quartz S(H7) ~ 0.98/S. Ep Pr]mary vertex resolution:
Magnet 3.8 T solenoid Az =~ 20 — 80 um
Muons DT/CSC + RPC 5(p1)/pL ~ 10% (STA)
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3D tracking and vertexing

https://twiki.cern.ch/twiki/bin/view/CMSPublic/ DPGResultsTRK

e All silicon tracker

> high granularity, low occupancy

e Pixel detector
> 100 x 150 um? pixel size

> substantial charge sharing (low Vi) 20F
— excellent resolution in r¢ and z

21.8 fb* (2018, 13 TeV)

60
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= Essential in high-pileup environment!o———

CMS Preliminary 2012, ys = 8 TeV, Pixel Barrel Layer 2

o
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Muon reconstruction

JINST,13,P06015
JINST 7 P10002

e Large muon acceptance |n| < 2.4
> drift tubes
> cathode strip chambers
> resistive plate chambers

e Muon reconstruction
> standalone muon:
in muon system (trigger ingredient)
> ‘soft’: high efficiency
for J/iy analyses
> ‘BDT’: low misidentification
for B — " p~ analyses

Muon misidentification for BDT muons
e(pulm) =~ 0.06%

e(p|K) 0.10%
e(ulp) < 0.01%

Q

measured/validated in data:

D*t - D'7nf - K ntrnl

Kg >, > K KT, A— prn~

\

"

500 N | | | |
AB 1 !—J 1
400 . ‘
\
\

/ —
/ B - 24 |
200 Z ' J -
T/
e _ .
100 // < = - %L Ve )
/47

ME1 CSC
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muon track

/

global muon track

inner track
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