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;.apndu..mc Technische Hadhsihula Zirich

e Open b-production is an excellent
test of perturbative QCD & models
In new phase space
-2understand production dynamics

e b-quark production is atool for and
constitutes a major background in

many searches for new physics

. Topology of final-state b quarks relevant to
reject background for searches

o CMS detector is well suited :
+ excellent tracking and vertexing
+ muon id, flexible trigger
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Beauty production cross section is large

c(pp=2>bb) ~ 250 [ub] @7 TeV [ 270 (8 TeV); 457 (14TeV) [ub], MC@NLO ]
> 1012 bb pairs produced so far in CMS
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Introduction

e b-production profits from excellent g piri
performance of CMS detector

e Main sub-detectors for B-physics:
Si tracker and muon detectors

e Excellent tracking > momentum + vertex
e Sophisticated b-tagging algorithms
o Flexible HLT trigger: allows specialized L
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Results on b-production

Exclusive b-Hadron Production

C.Grab
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" b-hadron Production : the “Harvest”

—>J/\|1K B2 — My ¢

> 1200 T oM s =TT %:22"— (a)
o r 53 L =40 pb . Q2001
w1000 | — =180
g - T'P " 1 S 160 CMS \5=7Tev
= 0, 3 £140E L =40 pbr
L 600 — =
E :" b 100;—
2 o[ ?:Sr"f,%ﬂi‘b‘h 8O-
8 r ---- +peaking B ] 60
200 et -l a0 .
ﬂ:g .(.a.] 5| L .5|1. L 5|2 L 5|3 L 5|‘1 L 5:;:5 L 5|Ei . ;T 2;;_ FJ ST
- - - - : - ITIB{GGV) .2 525 53 535 54 5.-1-J5h+'¢ i?;faﬁaﬁf:mssfigewcsﬁﬁﬁ
Phys. Rev. Lett. 106 (2011) 252001 Phys. Rev. D84 (2011) 052008 T
Iy — ' p
o t -
—)J/\VK Ab_>‘]/‘l’A,,,_,,l,,,,,,_,: ¢ > KK
% oot L CMS \E<7Tev. E 900F ﬁ\ CMj”p—r?: icaw;
Ewof_ L=5.8pb? _f S 800? ﬁ L=_1.8'lb‘ _; K - 7Z'+7Z'_
§'250:— ct > 100 um 3 o 700f I = S
g . ~ 6001 1 =
220 E T 500 ||| - L
150- - T 400} i E A > p T
1uu_¥ i +_: 300;— 1' '{IP —g
.:- ghlL T S e :,' l'._ i 200F ’;.‘ I"".‘. =
S A S 1003;%%%%+ e ﬁé
- B B L 053754 55 56 5.7 58 59
M, [Gev] m, (GeV)
Phys. Rev. Lett.106 (2011) 112001 CMS-PAS-BPH-12-007; accepted by. PLB

C.Grab Int. Conf. Frontiers in New Physics, Crete, June 2012 >



ETH _

Eidgenbssische Technische Hochachule Zirich

 B-hadrons — Analysis Strategy

Swiss Federal Institute of Technobogy Zuric

PRL106(2011)252001
o Similar strategy for all b-hadron modes

o Signal extracted bin by bin by unbinned extended maximum likelihood fits
to mass (mj;) and lifetime ct=(mg/p®;) L,, distributions.

a‘ i ;
o Fitting to (3(Bs), 4(BY), or 5 (B*)) components
+ Signal events, prompt J/y events, non-prompt J/y (peaking and non-peaking), bb-peaking

+ Shapes of PDFs (P) signal and background taken from data where possible, else MC
+ Mass resolution for B typically 20 MeV; core ct resolution ~45-50 um;
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B-hadrons: Cross sections inpr &y
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Mo : pt & y differential cross section Z

. + . — 0 G arXiv:1205.0594;
Ay —>Jy A ﬂh 4 J,ff"'ﬂ"-'{ S :Ij- (— f}_l_ /l :I accepted by PLB

o Signal extracted bin-wise by unbinned 1D extended.ML fits to A mass .
o BR(A, 2Jy A) =5.7£3.1x10*4 : correlated among bins, and not shown in plots
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o Predictions: harder in p;; Pythia overestimates at high pT; Powheg below data;
y shape agrees well
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~ Ao : Particle to anti-particle ratio
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e Extract ratio in bins of pt and y from
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~ Summary exclusive b-hadron production

arXiv:1205.0594; accepted by PLB
Phys. Rev. Lett.106 (2011) 112001

Phys. Rev. Lett. 106 (2011) 252001
Phys. Rev. D84 (2011) 052008

e /v baryon steeper in pr than B-mesons

o Outer errors: normalization added
(dominated by branching ratio error)
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e Integrated cross sections for b-hadrons

e NLO predictions compatible within errors
tendency to be below data
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b-hadrons : Observation of NEW b-hadron ...

arXiv:1204.5955;
accepted by PRL
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F”‘S'[ Observaﬁon Of a CMS Experiment at LHC, CERN

Dala recorded. Thu Oct 13 05:38:12 2011 CEST
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b Baryon States
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Analog to charmed baryon spectrum
Inter-quark potential + color hyperfine

Predicted masses for higher states:
150 — 160 MeV higher; width ~ 1MeV

Korner 94, Karliner 09, Jenkins 97,08;
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—_— % —_— —_— B B arXiv:1204.5955;
Zh N Zh mt— = J/\|!TC+—> AT H+H accepted by PRL

assume p(P)>p(m)
Mass constraint

kinematic fitsg ................. " SVA .. A
[:})OG from e 20 MeV Ks mass veto
eam
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ClosestPVto SV ;4 AT =
£, trajectory
KN Same charge as 7,
P \PV 4
_ +
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P Im(u*u)-mIhy)ppe| = 150 MeV
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arXiv:1204.5955;

Signal from ML fit to RS combination accepted by PRL

using BW x Gauss (6=1.9+0.1 MeV from MC)

BGND: WS combinatorial background ~ 21 events observed
BGND expected 3.0 +- 1.4

> 161

s AL ey * Opvesitesiondss Width: T, = 2.1£1.7 MeV

Cg E L=!5.3 b ——— Signal+background fit (Theory 093 MeV)
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o 10 20 30 40 50 - different background models
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> m=5945.0 £ 0.7 g £ 0.3 ;s * 2.7 ppgm=?y MeV
.. the first particle discovered by CMS, and the first b-baryon @ LHC
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Inclusive b-jet production

- Muon based analysis: with muon pT_rel
- Jet-based using 2"d vertex b-tagging

C.Grab Int. Conf. Frontiers in New Physics, Crete, June 2012 17
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Inclusive b-jets - jets and muons
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arXiv:1202.4617 accepted by JHEP
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o Reduces experimental
uncertainty due to jet energy
reconstruction and luminosity

et T T I T T |
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but above in high pr and highy

arXiv:1202.4617
accepted by JHEP
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Measurement of blb pair production

- two B hadrons via decay vertices
- two muons from b decays

C.Grab Int. Conf. Frontiers in New Physics, Crete, June 2012 20



~ Angular Correlations in pp = BBbar X

JHEP 1103 (2011) 136

Dedicated Inclusive Vertex Finder:
reconstructs secondary vertices; no jets;

© Low efficiency (~10% total for BB) but
high angular precision (0.02 rad) .
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Small angular separation region dominant = collinear emission processes !
.None of the predictions describe data accurately at small AR.
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http://www.springerlink.com/content/973044328847026g/

Ef“""“,., CMS ’
bb-production in dimuons: pp-2bb -)qu l;

=) Very precise cross section measurement § 1§' " ems Simulation
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o =
D L
§ 10 ?
Data: = 25.7#0.1 (stat) £ 2.2(syst) = 1.0 (lumi) nb g
MC@NLO=19.7+0.3(stat) *¢-> , ,(syst) nb 4B
Pythia (LO) = 48.2 nb T S ——
0:... !.o oo e0® -.. ° (L™ .. L] ° .. i
o systematics limited : largest syst. uncertainty from 2P — s
muon efficiency and model dependency 0 005 01 015 02

« MC@NLO agrees within uncertainty, below data d,, [cm]
arxiv:1203.3458 , sub. to JHEP
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ETH

T R i B 9 u u : Why lOOk for it ?

B.'=2>u*y and BY>p*u- are strongly suppressed in the SM

o Strictly forbidden at tree level Buras arXiv:1009.1303.

o effective FCNC, helicity suppressed Decay BE SM
o require an internal quark annihilation

B — utu- (3.2+0.2) x 107°
BO — p*p- (1.1 £ 0.1) x 10-10

o Sensitivity to New Physics comparable to u—>ey, etc
e.g. sensitive to extended Higgs boson sector (MSSM, 2HDM)
Complementary to direct searches at LHC
Limits have implications on model parameters space

_ " .
b -y it b
X
'[,C,l:! v
s(d d | w | _ d
(d) L u s(d)
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ne

...................................
..................................... uu ra egy

Region Mass (GeV)
BO — ytu~ 5.20-5.30
B — p'u~ 5.30-5.45

@ Searchin p*y invariant mass region
simultaneously for B, and B signals

MBO —MBO =90+ 3 MeV
@ Blind Analysis — optimized cut-&-count -

» Barrel: (In,|<1.4) = higher sensitivity, resolution o(m, ) ~ 40MeV

» Endcap (|n,|>1.4) = add statistics, c(m ) ~ 60 MeV

@ Measure with respect to B* = J/y(ptu) K* (similar selection)

BR(BO—>,u+,u‘)=(|\|°'f’S I\JBGND) ot f” BR(B*—)le(,u ,u‘)K*)
S NB g’[Ot fS X

obs
\

BR(B*)=6.0 £ 0.2 [PDG]

» reduce efficiency uncertainties
» luminosity and production cross

sections cancel f./f,=0.267 £ 0.021 [LHCb]

v’ Use B.~2>Jy(utu) (|)(K+K') as control channel for B, meson reconstruction

C.Grab Int. Conf. Frontiers in New Physics, Crete, June 2012 25



=== B=» un : Background Processes =
Combinatorial Background T
- Two semi-leptonic B decays
- One semi-leptonic B decay and one
mis-identified hadron
-> Flat / estimated from sidebands
CMS, 5 fb” \s=7TeV
> L I L B B
(qf)) T Barrel CMS simulation 1
Single B Decays ! 0, o
J y 0 ; - L [Monte Carlo %ggj KX
- pea |.ng (B K*K") g 0.8 WE° o mpv
shifted to lower mass m D [’
_ - HH 2 B - KK’
- non-peaking (B > K™ p+v)) 3 06 MBS > K
© B! - oK
one fake , lower mass m , S L S
O 04 WA > pK —
- Shape from MC WA Spuv
—~>Rate from normalization to B* 02 WA-pr
5 52 54 56 58
m, , [GeV]
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::r::i:‘;:::‘:,::.:1:::::‘:;;::':::::" B 9 l“"l“" D ecay Res U lts

B> uu Barrel B.°>ppu Barrel B> Endcap B.">upu Endcap
Eot 0.0029 £ 0.0002 0.0029 £ 0.0002 0.0016 £ 0.0002 0.0016 £ 0.0002
Ngigna™ 0.24 + 0.02 2.70 £ 0.41 0.10 + 0.01 1.23+0.18
NI 0.97 + 0.35 3.47 + 0.65 1.01 +0.35 2.45 + 0.56
N, e 2 2 0 4
CMS, 5 fb”’ \Ns=7TeV CMS, 5 b \s =7 TeV
%5_'|"'|"""|"'|"_ %5_||||.||.|...|...|.._
g Barrel - E,N% : Endcap |
S 4 — B? signal window| = — Bq signal window"
o - 1 0 _. \
~ s B signal window- > - B signal window
& | : L | _
S of : g s — :
5 | : 3 |
° 2 - . Toof T
i o : s — :
W . i H E - H :. ..... | ' H :
5 52 54 56 58 5 52 54 56 58
m... [GeV] My, [GeV]

C.Grab Int. Conf. Frontiers in New Physics, Crete, June 2012 21



i S—— B 9 u u D ecay R e s u lts W 2;

Calculate 95%CL for 5/fb using the CLs method
(including systematic uncertaint.): Statistics limited !

UPPER Limit observed median expected
BR(B.°2>uM) 7.7 x 10° 8.4 x 109
BR(B°>uM) 1.8 x 10-° 1.6 x 10-°

The observed number of events is consistent with
background plus Standard Model signals.

- CMS JHEP 1204.(2012) 033. [ 7.7 (1.8) 10° 95%CL ]
- LHCb arXiv:1203.4493 (acc. PRL) [ 4.5 (1.0) 10° 95%CL ]
-2 ATLAS arXiv:1204.0735 [ 22 10° 95%CL ]
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i AR CMS /|
Searches for B> pu Decay 2
— 1':] 6 ET T ._.I [ | T T 11 | T T 171 T T T T T 1T T4
1 - =
O fcleo “PT®ng - L .

- N i CMS significantly improved
S - Belle 5 ° - . wrt. previous EPS2011 result
5 107 E SN Y TN = (was <1.9x108)

- - BABAR O e _ & ]

m B . 2 . T ]

0 - o cMs Expect further improvements
= . i * with 2012 data.

= 1':] - ¥ =

é = SM: B — 1 o " .

S i 1 Achieved
Q » higher purity
% 107 ¢ E > pile- up robustness

- § » Improved sensitivity
- SM: B - uw -
1[}_1{} =l I T T T =
1999 2002 2005 2008 2011 2014

Year
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Eidgendssische Technische Hochichule Zirich
Swiss Federal Institute of Technelogy Zurke

" Conclusions

e FIirsts:

» CMS measured first b baryon cross section at LHC: A,

. CMS discovered first b-baryon at LHC : £ % state

e Production cross section measurements:

+» CMS did a complete set of B-hadron production cross

section measurements: BY, B*, Bg, A,

» Comparisons with theory: overall reasonable description,

but deviations visible in various details in p; and y

+» Measured b- and b-bbar production: high precision cross

sections and b-bbar angular correlations

o Searchfor Bg = pp:
+ No signal (yet), closing in on the SM (and close to LHCb ...

» Progress with 2012 data

C.Grab
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Backup...
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b-jet : Cross Sections — muon based Z

CMS L =3.0 pb’ \s=7TeV
m7000,—"""""“"""""""""'—
e b-tagged jets with a muon o
. single muon trigger, L = 3:0 pb-1(2010) = s000f
. high efficiency b-tagging (2-track vertex): 7 - E;‘ﬁ
—_ - gprlm vertex E -::
+ g(btag) = 50% (@30 ) ---- 75% (@100 GeV) ook
+ b-fraction from fit to muon p.-rel distribution 1000F
RS R § - e S
Muon prel (GeV}
— 1P CMSL 30pb" — \‘s‘ 7TeV_ 140_CMS L = 3.0 pb” \s=7TeV
< E 3 7 A L B L BN AL LI
o gp”>9GeV |nu|<24 ] < r 1
2 Ty, <24 + Data . — 120 p'“'3t > 30 GeV . Data ]
2 _ biet — PYTHIA > T ]
< t1g ™ E S L o'>9GeV — PYTHIA -
o e == MC@NLO - _g 1005 | |<2.4 ““ MC@NLO -
Ke] B N - r ]
s TF T E f-i 80 .
o = . - | )
| i 60 | _
= T - N .
i ] 20| R T e
2L s C B
10 = T 20F =
ot b b b by b by b C i
40 60 80 100 120 140 160 180 200 O e P S
b-jet p_ (GeV) 0 0.5 1 1.5 -
T b-jet y|
o Overall good agreement with PYTHIA,
o Reasonable agreement with MC@NLO for norm, arXiv:1202.4617
but shape differs in p; and y accepted by JHEP

C.Grab Int. Conf. Frontiers in New Physics, Crete, June 2012 33



Swiss

sitiste of Technobogy Zurich

b-jet : Cross Sections — jet based Z

16Ms L=34pb’ F 7TeV
TSR

Iy, .1 < 2 2

@ b-tagged jets with 09 e
I - i I nd 0.8F ]
high-purity tag using 2"% vertex wﬁ#ﬁ L

+ ¢(btag) : from 5% @18GeV to 56% @100GeV : +

+ b-fraction from fit to the vertex mass J; :

B-tagging purity

0.5; *
044560 80 100 120 140 160 180 200
b-jet [ (GeV)
CMS L =34 pb” (s=7TeV o Fhs L=3apb” Vs=7TeV
S . | | . |Iy| I<I(]5(><(325) — 5_— EMC@NLD ] Exp. uncertainty =
@ 10 o 0.5<|y|<1(x125 Z  4f - Pythia E
3 vl <1 ( S b E
] S n 1<y <1.5(x25) R -

0 ™~ ') -
8 & L o 15<|y|<2(5) O ptetarttiputeasann
>5107 ‘::::: .. . 2<Iy|<22 E 0_ | - | | 1 Lo | -]
© 6L e Tle —_ 2_‘r"""'-+--.£ N T T I N ]
or10° R T e ¢ b 000000000 0
Q_ 5- m C 1 1 1 1 | 1 1 1 | ]
o2 10 R TR TN e T, o g—"' T T T T T ]
© 10 E R T R I :
2 10° R, e ]
< 102 EMC@NLO N 1 L ;11¢'¢ o e e P et O
[ Exp. uncertainty ‘1 I:]_DI L L 1 Lo | ) o
10 a 2__{ P T T T L B ]

[ Anti-k; R=0.5 | S e e
I [ | I ) L L |l By Sl T e
0 | | | | | | |
20 30 40 50 ) ,“t’o G \?00 20 30 40 50 100 200

Jetp, (GeV) b-jet p_(GeV)

o PYTHIA: agreement at high pt; overestimates at low pT ArXiv-1202.4617
o MC@NLO: p;-slope differs at high y; below data in central region accepted by JHEP
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Additional
Exclusive b-Hadron Production
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BY : pt & y differential cross section =

Signal extracted bin by bin by unbinned PRL106(2011)252001

extended.max.Likelihood fits to mB and cr.

— exp ( Zn,) I1 [Zn Pi(Mg; &) P;(ct; B}-)]

° = Iy K,

3 2oE T oms\s-TTev ] E ?llllfﬁi"'"”"”'"""'t'rui's'ié'é'?'ﬂir'"'
o mnu: H'. L= 40p” 2 L | L=40pb"
E + | 1 8 E E
: - T S T Similar method used
3 ﬁma:p i 4 -%4#*@ 3 _ Sl
E —=— CMS data g 10 e E fOr Other b-hadronS.
E 400_— Prompt JI b E
»uoF- T hempemgs | O 1
E (a) —— +signal ] E . - !
o T - R T ¥ Y- 10065050501 615 03 025 0.3 035 04 5 GeV < pT
mg (GeV) ct (cm) |y |< 2 2
B . .
- = 18
E WE_.__ — s CMS gata {a) | 2 C — s CMS data ib) |
H 4 e Pythia & (MSEL =1, CTEQEL1, 22) = 18 —— — Pythia & (MSEL = 1, CTEQSL1, Z3) .
= S— MC@NLO (CTEGSM, m, = 475 Gav) 3 uE — MGENLO (CTEGEM, m, = 4.75 GeV) SyStemaUCS
o i —— — — - MCE@NLO fotal uncartalnty - E — — - MC@MNLO tofal uncertainty : .
< B e R IR e dominated by :
> = T aE e « PDF parameters
o cE .
R N i P — | e » Kg and B selection
S T B g —T
- C - — '
= FF 00— -
CMS E=T7TeV - IC oms VE=TTev T T e——
L=40pb* = L - R 2 L = 40 pb*
. Hﬂnchmg fractmn [3 B%} and Lumlnasd]r [xﬁi:l un{m‘tantles mt shown FEr anehlnq frannnn 13 3"!-i:| and Lumlm:uErry [-i"ﬁ-] unca'tamhe-s not shown
102 ) L L o Ll Ll v) 0
3 1ﬂ 15 I'I} 25 3ﬂ 35 Al q} ﬂE ﬂd DB ﬂﬂ i 12 1.11 ‘IE 1B é 22 3'8A) BR(B 9\]/\.‘] KS)
B%p,_ [GeV] B” Iyl

Pythia too high, different y-shape; Gyis=33.2+2.5£3.5+ 1.3 1b

MC@NLO too low, shape ok...
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ETH :
v N — CMS /i
B* : pr & y differential cross section
B+ RN \]/\V K+ PRL106(2011)112001
g e gﬂf ' T by unbinned ext.ML fit
2% ct> 100 yum S’ to mB and cr.
EEW imﬁ
& i _
130 10§ | G, T ; .1.
100 1,-' ™ 34 5GeV < pT
| I IL T T 1.“_1'?:_: il i |yB| < 24
L S 52 53 52 55 "“441_115 0 005 04 015 02 025 63 035 4
M [GeV] et [em]
g e B A
- = ) . - o . ;
;' - BF (2.5%) and Lul:nl ciﬁﬁabnwnalnﬂu not chown | § '—Iwwm“ not chown | Syste m atl CS
D === o S S '; dominated by :
o, 2 of == s  PDF parameters
Tl __ L F S 3 « mu efficiencies
-3_ F '\'T-Tﬂﬂlll'"il-l-'-'m":}‘ . = E : YT NSELY, CTECEL 00 :l
N LI e
e i L L - :l_T“:' U R N N R T R B
5w =20 25 30 Yoz 0a s 08 1 1214 16 18 2 27 24
B p, [GeV] By
: : : 0,.=281+24+20+31 b
Pythia too high, different y-shape; vis H
MC@NLO too low, shape ok...
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» Jy & Iy <2 A)nbAGeVic)]
=

p lpp—B,
[=]

Events | (0.018 GaVic®)

w228 EEZEER

B : pr & y differential cross section

CMS?j
!

B2 — Jy ¢

(a)

CMS +Js=T7TeV
L = 40 ph
ct = 0.01 cm

3 575 53 535 54 545 55 555 56 565
Ny invaniant mass (GeWic)

(a)

= —— FETHLA (MWZEL 1, CTEGEL, 22 undng |
=
o MCEALO (CTEGSM, m s 4.78 Gaiwic")

— —— MCENLD fotel uscertsinty

CMS J5=7TeV
L = 40 pb”

S S U —

3

Phys. Rev. D84 (2011) 052008

E : (b) signal yields (per bin)
S S o7 Tey by unbinned ext.ML fit
Ew; L =40 pb to mB and cr.

m: ;I_;

| FA 8 GeV < pT < 50 GeV

1-I:I-'E- | | | |yB| <24,

005 0 005 B 0 02 0 I"j::tl{;i}-.}“ﬁ
% 3 ;_ CMS HJE = -‘r TEU :: ::II'. MEEL 1. :Tllﬂ--l..i!hj'rltrl:::
E 1.5:— L=40pb HCALD [CTEQSH, = = 478 Sevic’) SyStemaUCS
IoF =Ll dominated by :
-:E;'S: : i  PDF parameters
2 I T A
- ; | — * mu efficiencies
a 1F ]
%1}.5:_ _________ e 30% BR(B® 2 J/y ¢)
5

o LTt 4 wmceronues et shown | S F B 00% ana L ) uncertaites not s
p, (B, l[GeVic] 0 02 0408 08 1 A2 A4 1818 2 Fd
_ _ _ G,=6.9+0.6+0.6+0.3nb
Pythia too high, different y-shape;
MC@NLO too low, shape ok...
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Backup on bb-production
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JHEP 1103 (2011) 136

1.5

, Crete, June 2012

ICS

0.5
Inear emission Processes

New Phys

iersin

AR
dominant = coll

Pythia describes roughly shape, but normalization is off.
Int. Conf. Front

Ion region

Small angular separat
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http://www.springerlink.com/content/973044328847026g/

JHEP 1103 (2011) 136
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Ratio of Cross sections shown relative to Pythia
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B-B Angular Correlat
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AR
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tself describes roughly shape, but normalization is off.

la i

MC@NLO underestimates at low AR values. A¢ better described.

None of the predictions describe data accurately.

Pyth

[ ]
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http://www.springerlink.com/content/973044328847026g/

S el mchroiogy i - . CMS i
B-B : Collinearity Trend - Scale

. Ratio of cross section (small vs large AR) 2 “GSP vs FCR”

~ 0(AR<0.8) %

CMS \s=7TeV,L=3.1pb’ Prg = —
z 4_II|IIII|IIII|I\II|I\II|I\II|IIIIIIII ITTTT III_ AR G(AR>2_4) -
» [ pE>15GeV, ¥ <2.0 ] ’e
& 3'55_ | < 3.0 E
E31S :
t-%255_ ] _E .
° ~r ] o puriNcreases with larger p¢t
2F - values = more gluon radiation
150 E
1= BYTHIA E » Trend of leading jet p;
osh B MadGraph E dependence reproduced
- * Data i correctly by both MC.
_II|IIII|IIII|I\II|I\II|I\II|IIII|IIII‘IIII‘III_
0 70 80 90 100 110 120 130 140 150
leading jet p, (GeV) » But normalization is off

JHEP 1103 (2011) 136

® Also usedin Zbb cwms-pAS-EWK-11-015
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£ —T T T T T ] E . T T T T T ]
. o 1° CMS Simulation, B template§ =~ © 107 CMS Simulation, C template 3
Mu impact par. D, templates g et 1 3k
[ ] (B) b 9 X S 103 Fit function ; E 103;_ Fit function E
 (C)charm g g ]
 (P) prompt muons = Z :
(DY, resonances) 1 3 W tE
(D) light hadron decay-in-flight i eI B A ' 5
e i WL BT Ry :
% 005 0.1 015 02 % 005 01 015 02
d,, [cm] d,, [em]
Example of 2D
D tem |ateS E 10° CMS {5=7TeV, L _ =27.3/pb, P template -é g 1[]5% CMSSimulaﬁmDmmp,ate—é
X P : : -
y 8 | * CMS data 10F R 3 an MC Template
CMS Simulation, BB template g 10° | i function E g 10 %; Fit function E
T ikt ‘ M@;i 4 T ekEh -
2 : -y 1 3
E o i" T2 E w0g E
> g8 1 32 ;
i 105 | = 10F _
5 N g gl
2 o 1-|.HH.IH— e g
3 Rt = Rt = i
S 1074 . © +
3 1074 0.6 . : , E 0.6 — ML E
& . 0 005 01 015 02 0 005 01 015 02
g '3 d,, [em] d,, [em]
o 10°
-~ 0.05
Zi
015 01(5&
27 /%32 0261;\0 Previous results see JHEP 03 (2011) 090
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Backup on B, 2 uu
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== B=> uun : Systematic Uncertainties (opt) |

Barrel | Endcap

» Acceptance with mixture of hadronic production ~3.5% | 5%
gluon fusion/flavor excitation/gluon splitting

 Selection criteria (data % Monte Carlo) ~7% | 7%
efficiency signal, normalization, kaon tracking

* Muon trigger and identification efficiency ~4% | 8%
e Fit yield in control channel (B*=>J/y K*) ~ 5% | 5%
#82700 + #23800 Observed CMS, 5 fb'! \s=7TeV
\ E.IOOOO:_ \ I [ I ]
Cross Checks g_ 8000|
- Estimate background for anti-isolation cut Eg 6000|
- Evaluate BF(B,> Jiy §)/BF(B*>Jhy K*) " o0
- Signal in samples for different periods -

5 5.2 54 56 5.8
muuK [GeV]
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» Pointing angle op
» Vertex fit y?/dof \
> Flight length significance |../c(l,,) PV/°'-----'13D
» Impact parameter 3D significance / \
refit w/o signal
Data Sideband % Signal MC
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==== B=» nu : Isolation of B candidates (opt) =

> Isolation cone around primary vertex

pL(B)
for AR < 0.7 along B, p,> 0. \% 1=
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> Number of close tracks (d,<300um, p ,>0.5 GeV)

> Distance of closest track to B vertex doca
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