Measurement of B mesons
production at 13TeV with CMS

Students
Giorgio Ghillardi - University of Turin
Bruno Alves - IST, University of Lisbon

Supervisor
Nuno Leonardo, Lip

LIP 2017 Summer Student Workshop, Lisbon

September 14th, 2017




Introduction

Why study b production ¢

e Understand Strong Force (QCD)

* Heavy Quark Effective Theory (HQET) range EW theory
* Heaviest Hadrons (recall top has very short
lifetime, decays before it can hadronize) My -
* Reference baseline for rare decay searches
E short-distance
physics
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Intfroduction

B decays

« B*-> J/Y K* (reference channel)
- B2>J/WO

* B> J/P K (K-t /*)

* B>Jym*

* Bcis the haviest meson with different quark flavors, b and c
* Heavier, shorter-lived, still poorly measured
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Citation: C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update

BOTTOM, CHARMED MESONS
(B= C=+1)

Bl =cb, B, =¢cb, similarly for BX's

o1

1(JP) = 0(07)

I, J, P need confirmation.

Quantum numbers shown are quark-model predicitions.

Mass m = 6274.9 £+ 0.8 MeV
Mean life 7 = (0.507 = 0.009) x 10712 s

BC_ modes are charge conjugates of the modes below.

p
B"c" DECAY MODES x B(b — B,) Fraction (I';/T) Confidence level (MeVjc)

The following quantities are not pure branching ratios; rather the fraction
F;/T x B(b — B.).

J/(1S) £ vpanything (62 *24)x1075 -
J/¢(15)W+ seen 2371
J/p(1S) K™ seen 2341
J/p(AS)rtat seen 2350

J/¥(15) a1 (1260) <12 x 1073 90% 2169
J/W(AS)KT K™t seen 2203
J/p(AS)rtat et o~ seen 2300
$(28) ™t seen 2052
J/¥(1S) D: seen 1822



Introduction

CMS Detector

General purpose detector at the LHC

I I I ,
m
Key:

Muon
Electron

Charged Hadron (e.g. Pion)

— = — - Neutral Hadron (e.g.Neutron)

----- Photon
® L2

4T

Vertex .
separation Dimuon
IMass Mu}(l)n
pPT

Vertex Quality 1ts

Iron return yoke interspersed
with Muon chambers

nsvel
through CMS

Elements of B reconstruction

Most critical subdetectors for our analyses:
muon chambers (outer) and silicon detectors (inner)
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Data Processing




Data Processing

CMS and Datasets

Trigger: dedicated algorithm for Online selection

pp collisions at 13TeV collected by CMS in
* Two muons from J/y decay 2016

« Track from some vertex
« Decay vertex displacement (23Sep2016 re-reco AOD)

Data processed:
Bc: RunsB,C,D,E, F, G

Data Aggregation System (DAS): Home | Services | Keys | Bug report | Status | CLI | FAQ | Help

~ (o)
results format: list [, 50 [&J resultsipage, dbsinstance prod/global [EJ, autocompletion disable B+’BSIBO: Runs C' D' El F’ G( 816)

dataset=/Charmonium/Run2016B-23Sep2016-v3/AOD

Show DAS keys description

Showing 1—1 records out of 1.
Add filter/aggregator function to the query: grep dataset.nblocks @
Dataset: /Charmonium/Run2016B-23Sep2016-v3/AOD

Creation time: 2016-10-23 07:23:39, Dataset size: 9.5TB, Number of blocks: 38, Number of events: 51713106, Number of files: 2820, Physics
Release, Blocks, Files, Runs, Configs, Parents, Children, Sites, Physics Groups, py , Subscribe to PhREDEx , XsecDB Sources: m show




Data Processing

CMSSVW, CRAB /Grid Bfinder, RooFit

CUTS
Analysis Steps B_Production Iy
Cuts mass_window <0.150 Gev ;
Yields pt>10.0 Gev
Efficiencies with MC
:)ata ﬁ];|eS ) Systematics Track
AOD format : Cross Section n pt > 2.3 Gev
' Bﬁnder K pt>1.6 Gev
l * CMSSW code R n>2.5
CRAB X2 /ndf <5

. : Strip hit + pixel hit > 5
Submission to Grid . Applied to AOD

files to obtain B
B candidates VixProb > 0.1
Luminosity Lxy/oxy > 3.0
with BrilcCalc Tool Cosa 2d > 0.99
Trigger:

HLT_DoubleMu4_JpsiTrk_Displaced
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Analysis

Mass fits (Bt— J/ 1 KT)

CMS Preliminary

- partially reco'd decays (B> J/Y? 2

. . 0 T3 o B W L B e e
* Extendend unbinned maximum g [ 120<p, <150Gev. 0.50 <yl <1.00 —+— Das
. . . . — otal Fit
likelihood method (using RooFit) ™ " B*  Jiy K* Signal
L e Combinatorial background
12— SRR8% B - Jiy ' background
. . — * | e B* — JAy + hadrons background
Slgnal mOdeI' 10 | — f_nonprompt = 0.252 + 0.076 —
sum of two Gaussians = m_exp =-3.97+33 m
81— m_fraction = 0.43 £ 0.12 ]
eBackgrounds F m_mean = 5.2873 % 0.0040
: ‘al. : [ m_sigmai = 0.087 + 0.024 ~ _|
Comb_lnatorlal. exponential E . Sipneze 0020109040 5
Physics backgrounds - n_combinatoria = 0+69 -
— n_signal = 72.'ii 8.2 ]

.......
N NN NN NNNNNRNN
...............

described by an error function 0

- Cabibbo suppressed decay 2.0 0 1 S TR AAL A ] l - =
*B+-> J/Y n+: sum of three & OJH-‘LH;“H LMM‘L“L} *Jt ;H A}-_“l l l 144444
GaUSSianS 5(;‘;' - I51I - I515l - I52l - I525I - I I - 535I - I54I - I511‘15I:I[(-;el\‘c,'>]5

*PDG Mass: 5279.31+£0.15 MeV 7y
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Analysis

Mass fits (BO— J /¢ KO (—K*/- 7t /4)

CMS Preliminary

(%] T T o T T T I — — T —TTT

.Signa|: ;é; - 120<;I)T<150GL3V, 0.50<||y|<1.ooI | —'¢— Dat; | '
. > 8E Total Fit
2 Gaussians E B  Jiy K Signal
“KPi Swap” (misreconstructed tracks) R I — Combinatorial background
6 — Swapped K~ @* signal
— m_exp = -0.000 + 0.38 -
. . . SE T m_fraction = 0.27 + 0.60
eCombinatorial background: JE | o esnm 5.206940,0085 =
exponental = m_sigmai = 0.02 £ 0.17 =
P 3 X = 0.461 m_sigma2 = 0.021+0.081 ]
- n_combinatorial = 14.7 £ 3.1 I
2 B n_|signal # 2(F.313‘2 ]
Ry N 1t
O :l . [P U :: :E .i;;::I:&l;;;:I:‘:‘ o Copen e o W Iy .:
.PDG IVIaSS: 5279.62i0.15 IVIeV E _l LI I LI I LI { LI I L I LI I- LI L I LI I A7l l_
= 2 { ll ]
j — —
a iiuI—+¢m-tﬁ-u-t-?l-s-zlﬁ;{- SRR
1

5.05 5. 5.15 5.2 5.25 53 5.35 54 5.45 5.5

[GeV]
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Analysis

Mass fits (B.— J/ U

eSignal:
2 Gaussians

eCombinatorial background:
exponential

*PDG Mass: 5366.82+0.22 MeV

Pull hist

CMS Preliminary

10 = T T 71 rr Tt ]+ g +
— 90 < P, < 120 GeV, 0.50 < |y| < 1.00 _+_ Data
: Total Fit
8 __ B! - Jiy @ Signal
— L e Combinatorial background
6 __ e m_exp=-021+£23 ]
— m_fraction = 0.135 £ 0.094 —
: m_mean = 5.3714 + 0.0021 :
4 — : m_sigmal = 0.058 £ 0.030 _
B x° =0.584 m_sigma2 = 0.0087 + 0.0015 —
: n_combinatorial = 0.0 £ 2.4 :
o — n_signal = 21+ 21 —
i ! * -
0_¢LLL1 ek e L
4 B * I 1 || I I | 1 I l 1 I I 1 1 I 1 I I I I 1 I I I ‘l——'
L Al .
o bdddbbdddd i Tidibiiy ¢++ ¢¢¢¢¢¢4 4¢¢¢xszzzz¢5
5-51 1 I 15251 1 1 1531 1 1 1535 1 1 1 15451 1 1 1

M Wy KK’ [GeV]
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Analysis

Mass fits (B.*— J/ ¢ Tt +)

2015 13 TeV data 2016 13 TeV data
CMS Prellmlnary , ) S CMS Prellmlnary -
g 500 F— —+£<p <15069V000<|y|<250 T T T 'Dat'a T —T— % i_*_m;p <15()GeV 000<|y|<250 —+4— Data
& Total Fit Q8000 == Total Fit
@ 400 — Bic—s Jiy Pi* Signal P — 2 BYcs Jhy Pt Signal
3 — ©2500 — : .
|.|>.I - e E:;p:;;\ta;t;ackground I.|>.I = + Expomintlal background_
00l ribroiine T 2000 RRMENESET
- m_sigmal = 0.0279 + 0. 00$ . — m_sigmatl = 0.0227 + 0.0014 ]
200 :_ £ = 0.909 :::i:;r:::n:tgr?i:ts; 7182 + 14_0: 1500 E— 21395 :_z:;r:::rlatg:izl;i : 22536 + 37_§
- . 1000 |— - —
100 [— —] — .
- - 500 |— —
V) R E e . 0 - N B L -
.‘@ 2 __+T+ % + i ii+ +—P -EB- 4 ﬂ T T T + T T T +
% + * c 2 7
= _25_” H *H#?H ¥ ++++++++ *‘H*‘H 4 +++* *H' Z o ++.;*+++++ i ;++ﬁ++ f ++++ +++ AR *++* ;Hﬁ i
n . o ]
=8 6'4 = My, - [csez\?]8 - 5.8 6 6. 2 t 6.4 6.6 [G' é]s
. wat e
eSignal: eCombinatorial background: PDGMass: 62749108 MeV
1 Gaussians exponential

Increased ~10 times the signal yield wrt 2015
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Results
Cross-section

Signal yield (from fit to data)

O Z»/g Luminosity of our Dataset
A L / NJ/w — X

~ do(pp — BxX) n&ﬂ

Selection Efficiency

(obtained from dP]B~ 2 A(PjB*) e(p @ Ap"llg“

MC simulation) J

Acceptance of the detector do'(pp —S B X X) nsig( |y )
B

dy® - 2A(yB)) e(ly




Analysis

Systematics

! 2 CMS Preliminary
. MaSS ﬁts § _l l3| I I I |61G|V| 0I5|ol i Il 1 Iool 1 I 1 I 1 I I 1 1 1 1 | I 1 IDIt| 1 1 1 1 i 1 I 1 I'l
. . w —_1 <p.<16 GeV, <yl <1 + —— Data
* Different fit models 6000 [~ Total Fit
. — \ B* — Jiy K* Signal
¢ Cha nge Mass Wi ndOW 5000 — ;:f: --------- Combinatorial background
. . 0 — SREAY B* - Jiy n* background
¢ Lu MINOS Ity (2 . 5 A)) — e | £ it with oy e B* — Jiy + hadrons background
1 ) 4000 — Xample o WI NN f_nonprompt = 0.0876 + 0.0070—
L4 — ] 010:010:0: ! —
Branching fractions (taken from - alternative modeling | | mep-amiz0z -
P DG) 3000 = % m_mean = 5.27816 + 0.00013
.. ) ) - , ] m_sigmat = 0.01882 + 0.00012]
* Finite size of the simulated samples - =149 )| n_combinatorial - 8332+ 266
. . 2000 — n_signal = 28758 + 186 _
( efficien cy) — NN, m
; . 1000 |— RIS .
* Charged particles reconstruction - SR -
efficiency (3.9% per track) = S "
*(7" _I LI I LI l LI l I I.I I I LI .I I I LI I LI l LI I LI l_
< s5}— L LY o
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= _[¥_e¢ ¢ " =
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Analysis

Efficiencies

Efficiency B+
25 Signal efficiency obtained from fit to signal
s Monte Carlq samp!es MC with and without selection applied
E generated, simulating oMS Pretiminary
; Signal events gzigz ;9I<Ipl_rl<:ISIOIGIS\Il,(I).CI!OI<]|y|I<I2I.2I5] L :¢! E;:‘:IIFI:“I I
1:_ 31800 E_ B?—)JI/\J; K" Signal
C 8 - Y s Combinatorial background
0.5— §1600 — SHAEY B" o J/y 1 background
C w - sl e B" — J/y + hadrons background
o— 1400 = f_nonprompt = 0.0000 # 0.0042]
- 1200 m_exp = -0.2606 + 0.077
_0_5:_ 1000 f_ m_fraction = 0.546 + 0.042 _E
= m_mean = 5.27874 + 0.00028
° €=#MC€ZZZ'A7ZQZJ/SZS/ 800 | =0.945 m_sigmat = 0.0350 + 0.0016
Efficiency B 600 - m_sigme2 = 0.01468 £ 0.00020
# M C TOZ’ a[ 400 E- N, n_combinatorial = 10869 + 14&
06 = Pgignal = 10902+ 145
8 200 T e S
05 =
a3 z -ZE— +‘1' é#‘l' ‘1' {‘]' ‘l"} + *;‘l’#‘l’ fé‘};{,{#% +;"F"F"F"Fﬁ'+
03— { } } 508 5T 5.1 R S B 545 ~7%5
o | Differential measurements Mayic (511
0_15_ g require larger MC samples Totatal efficiency
- ' For populating high pT region B* Eff. 18,63% rel err 2,5%
13 L .._.F.ﬁ._.._._._f]/_. B,. Eff. 8,63% rel err 3,6%

20 40 60 Seq__ 100 120
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Results

[ ] ( ]
Differential
Bs ditferential signal yield ——0.00<|y|<2.25
z .
o —
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Results

Differential yield B™

B+ differential signal yield —0.00<y| <2.25
T —
3! —
& I
g 10—
2 =
= B —
o -
10° =
102 =
10 —
B | | 1 | | | | [ 1 1 | | | 1 1 | | 1 1 | | | 1 | | | | [ 1 1 | |
0 20 40 60 80 100 120 140 160

p_(B) [GeV]
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Summary

Carried out preliminary measurements of b hadron cross sections

* first B production results with 2016 data at CMS
Executed all analysis steps

* from initial data (and MC) processing to final physics measurement
Collected Run?2 data allow data allows to reach above 100GeV for the ligher B
mesons (B*, BY, B,)
First studies of B. meson at CMS in Run2

Future work

Selection optimization for B, (MVA)

Refine efficiency evaluation (using gen-level info)

Produce MC samples for B. and B® and increase production for B*and B,
Finalize systematics
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Bored?
Don't forget the questionsl!

And the many, many, many presentations still to come...




