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The LHC Accelerator Schedule

* After Sep. 2008 a long effort to ~ ©M:Integrated Luminosity 2019

repair, consolidate and LI I
commission the LHC 18-
16 :_ Recorded 18.67 nb™’ ..................................... ..................................
° NOV-DeC 2009 - Startup 142_ .............................. Q~21029cm2s1 ........... ..................................
- established collisions at 0.9 TeV 12 | '
and 2.36 TeV e
¢ 2010: ﬁi—
- New machine protection and ::
ramp commissioning
30.-‘{1??1 0:10 13/04 01:27 26/04 16:44 10/0508:01 23/0523:18 06/06 14:36

- Established collisions at 7 TeV Date
(30th March):

o Plan for ~ continuous running up
v system/beam commissioning

to the end of 2011. The challenge:

continued
v squeeze beams e O(100) pb! by the end of 2010
v increase beam intensities e ~1 fb1 by the end of 2011
- Full machine protection e luminosities up to 10+33 cm-2s-
gualification
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Resistive Plagte Ch. (RPC)
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Tracker Pixels & Tracker
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The muon detection

Large rapidity coverage: Inl < 2.4
Excellent muon momentum

resolution

Redundant trigger system

Three types of reco muons:
- stand alone muons:

v muon spectrometer only

- global muons

v  reconstruction initiated in muon detector
and matched to a track in the silicon

tracker

- tracker muons

v tracks in the tracker matched to segments
In the muon chambers

v enhance the acceptance for low pt muons
(down to pt ~ 3GeV in the barrel region)

Drift Tubes (DT):
position, momentum
and Lv-1 Trigger

Resistive Parallel
Plate Chambers: fast

info for the Lv-1 trigger

[ 7
L T 7 g

400 600 800 1000 1200
Z (cm)

Cathode Strip Chambers
(CSC): position, momentum
and Lv-1 Trigger




The CMS Silicon Tracker

. ] TOB
° Plxel - TEC - Endcap Outer Barrel
9 disks
‘/ 66M Channels _ (also on the other 6 layers Tracker
v 100x150 umZ pIX9|S side - not shown) Support

v 3 layers + 2 disks at each end Tube

e Strips:
v 9.6M channels (198mz2) -
v pitches: 80-180 um Inner Barrel
v 10-12 layers 4layers
g Inne-I;IED)isks 2~2.4m
L~5.4m

3+3 disks

e Rely on robust and precise point
determination along the tracks: Endcap
vinl<1.5 e (FPIX)
v o(p)/py ~ 1-2% (pi~100 GeV) RN
v IP resolution: ~10-20um
(p, = 100-10 GeV)

L ~90cm
Barrel rin = 4.4 cm

(BPIX) Max = 10.2 cm
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Very good tracker performance

CMS Preliminary 2010

 Tracking is well understood L oA
- good agreement with MC 10} @MC (charm)

BMC (bottom) 3

 High S/N

* > 98% of detector active

* powerful secondary vertex
ID and b-tagging

MC Normalized to Data

O ] T T T T [ T T T T3 ‘_015X106| J T ! [ T T T I
S CMS Preliminary O L CMS Preliminary e Data i -30 -20 -10 0 10 20 ' 30
o 10° \s=TTeV = T~ \s=7TeV @@Pythias | | 3D IP significance
‘(2 * Data ] S Sana, _
o 10° [@@Pythia8 |5 ©
= 1 F 01
) 104 Y— ’
% = O
3 5
~ 10° Qo
s 5
5 107 Z0.05
o
£ 10
Z

1

0 5 10 15 20 0

Track p_(GeV) -2 0 2

Track Pseudorapidity

Simone Paoletti - INFN Firenze - Capri 2010 Workshop 6



B Physics program at LHC

. 7TV . O(1pb)
- Measure o(pp —bb + X)

e O(10pb?)

S - Exclusive B decays:

SR v production o

10° b N 5 Y lifetime ratios
[ 0(E{™>Vs/20) "o
oS 10 o . ) O( 100 pb-1)
= E v 5
c L oz p - Bc meson
= 0,(E{* > 100 GeV) 2 o _
100 | 5 - Mixing in the Bs sector

10-3§ / - e O(>~11b-1)

F o oa(E > e - More advanced Bs physics:
105 ;oHiggs(MH: 150 GeV) v Al's

EoHiggs(MH=500 GeV) v Bs = u+tu- FCNC — New
S Physics
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b production at the LHC

e bb pair production is the dominant source of b at the LHC

* Theory-experiment comparison of cross-sections not always
straightforward:
- NLO contributions are important
- sensitivity to the adopted b-fragmentation models
- control of exp. systematics and backgrounds
v always look for new physics !

* Main contributions come from one LO and two NLO processes:

I S

flavor creation: gluon flavor excitation gluon splitting.
fusion (dominant). Asymmetric transverse b at low pr and close
Back-to-back high-pt b momentum for the two in direction

b quarks

Simone Paoletti - INFN Firenze - Capri 2010 Workshop



Study of the b production at LHC

 The angular correlation between
b and b quarks is sensitive to
the contribution of main NLO
Processes

e The measurement of the B

production cross section using
exclusive B decays can test b
production theory

* Both studies may be performed
at LHC with the first few tens of
pb-1 of data
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bb azimuthal correlations

e CMS plans to measure A¢ e “clean” 3 u signature
correlation in bb events: accessible right from LHC
- b (b)= JIP + X with JIY = p+ur startup
- b(b) 2> p+X * keep good efficiency and

granularity in the small A

1600

» 2000~ T T s :
E - CMSSimulation [ fake iy 31 region where NLO processes
it CMS PAS BPH-08-004 [l real J/y + fake 1 dominate

I prompt J/y
I Flavor Creation

] Flavor Excitation
I Gluon Splitting

I|III|III

1400

Events with ¢ + J/Y = - in the
final state are selected and
analyzed in bins of Adp(J/Y,u)

e Analysis requirements:
- Good vertexing for J/Y = utu-

- High quality reconstruction for
% 0.5 1 1.5 2 2.5 3 third muon

AQdhy - - Pt>3 GeV and Inl<2.4 for all
three muons

1200

1000
800
600
400
200
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on the basis of < > These background

these variables:

- My.u- : the reconstructed J/
mass

- Lxy: the J/Y vertex displacement

from PV in the transverse plane
- dxy: the y impact parameter in
the transverse plane

Normalized Events/(0.002 cm)
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categories:

- Prompt J/ = “non flying” J/Y
- Fake Muon — low dyy

v 1 not from b: mis-reconstructed
muons (“punch through”) or K,1t
decays in flight (DIF)

- Fake J/@ — flat My.,-

v These include real bb~ events
where the wrong p combination is
used to reconstruct the J/y

Probability Density Functions for
M/J+/J-, ny and dxy are worked out
on MC for the signal and each
background category




Perspective:
In each A®(J/Y,u) bin the yield

for the signal process is derived MC study @ Vs =10 TeV and
through a simultaneous Lint = 50 pb-1 (Cvs PAS BPH-08-004)
unbinned Max Likelihood fit to e > 7000 signal events
Mpysp-, Ly and dxy . e do/dAd measured with 15-25 %
accuracy in each Ao bin.
Unfolding required: T A I A A
A¢(J/¢/,//) - A¢(b,b) I% 120:_gl|\\n/|sé ?erlué?bt:_gg_004 det=50 pb_1_ .
CMS Simulation ! - Generated .
g s = £ 100 [ unfolded I
2t 0 3 B |
) 2.5: % 80— _]
160 S E _l_
2 140 60 % | ]
1.52 - =100 40— | | | b —
i 0 | T 1T —
03 00_ o|541|5£2|5:;_
. . . A¢ bb [Rad]
% Analysis wih 7 TeV data is
ongoing
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Measurement of the differential production
cross section for B+ and B% mesons

e B+ =J/Y K+ and BY = J/P KO channels
- Br(B = J/y K) ~ O(10-3)
v branching, mass, lifetime, decay dynamics known very
accurately
v systematics reduced w.r.t inclusive B =J/{ X

v dominant background processes (prompt J/y + incl. b) are

identified using Mg and proper decay length of the
reconstructed B.

e Also measure the lifetime ratio: ts+/TRo

v sensitive tests of the CMS detector commissioning with very
early data

* Feasibility of this measurement with first Lint~ 10 pb-
demonstrated via a MC study @ Vs = 10 TeV
CMS PAS BPH-09-001

- Expected 100-200 evts/pb-
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Acceptance and trigger

e L-acceptance: Py>2.5 GeV, Inl<2.4
e Dimuon trigger: pt > 3 GeV

1IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

CMS Simulation
CMS PAS BPH-09-001 _

o
©

At present LHC
luminosities HLT rate

sustainable also with
Single_Mu_3

s

L1+HLT Trigger Efficiency
o
N

0.3 — 1u3

2u3 Il 1u5
02 — 2u3 11 1u9
0.1 — 2u3

(=]
o

5 10 15 20 25 30 35 4Q, 45
B P, [GeV/c]

Acceptance X €trigger ~ 2.2 %
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B Reconstruction

o JIY =y
- muon vertexing
- opposite charge
- tracker matching

- M(p*ur) = Myw = 150 MeV

o K*:
- good quality track
= Nhits > 3, Xé/ndf < 5

- pi>0.8 GeV

e KO" = K1t
- two good quality tracks
- opposite charge
- pt>0.5 GeV
- M(K 1) = M(K®)+120MeV
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e Kinematic fit of J/Y + track(s)

M(u+u-) constrained to the J/ mass

* One B candidate per event selected
based on the best vertex probability

- 4,95 < M(B) < 5.55 GeV required

e Selection efficiency:

11.6% for B+— J/p K

- 8.6% for BO = J/y KO*

|5




Background categories based on inv. mass
and vertex displacement:

e B J/Pnm

- constant fraction of B = J/¢ K

(chd/Vcs|2 ~ 50/0)
« “Peaking” B
- deriving from partially or mis-

reconstructed B decays, mis-
reco Bs, decays with a X, ...

e “Combinatorial’ B

- b =»J/P X + track

¥ can be either displaced or close
to primary vertex)
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e Prompt J/Y— u+u- decays
e QCD background:

- u*u- pairs not from a J/P decay
v b,c semi-leptonic, decays in flight,

punch through ...
_— EIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIII
£ CMS Simulation [ B, — J/¥ X
=~ T B* — J/w K*
9.’103 -B—>J/‘PK/XCX
@ [ BB Bkg
o [ prompt Bkg
@ 102

-1
0905 0 005 01 015 02 025 03 035 04 045

ct [cm]



B lifetime and global yield determination

* The proper decay length in the transverse plane is measured by
projecting the 2-d distance between the primary and secondary
vertices onto PiB:

Mp

ct = — - Ly,
pf

* Yield and B lifetime are obtained through a simultaneous fit to
mass and proper decay length distributions for the whole
sample with pi8 > 9GeV

= exp ( Zm) H Zﬂﬂpi(MB,‘ a;)Pi(ct; Bl) :

il
yields for signal and individual/ V

background sources and B probability density functions for Mz
lifetime are floated in the fit and ct are modeled “a-priori” for
The effect of the “QCD” signal and each background source

background is negligible and is on independent MC samples
included in the systematic error
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MC results with[Z dt = 10 pb! @ Vs =10 TeV

* Yield: 1731 B+

—_ | ) | ) ) ) ) | ) ) ) ) | ) ) ) ) I ) ) ) ) I ) ) ) ) I ) ]
S BB Bkg CMS Simulation
3 250— Prompt Bkg & 10 pb”’ —
§ C [ B — J/WK*/y X CMS PAS BPH-09-001 ]
S 200 g Signal ; —
~ — . -
o B : _
S 150(— : —
- B l| ‘ _
w : i
100 VERI -
, : b gt ., : :

: h L ThleeT y {' 'I'
50/ ? * y .} ¢ [Tl e A T Ini
T - 15 Ty q :
O ..... . p—

5 5.1 5.2 5.3 5.4 5.5

B mass (GeV/c?)
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Component BT — J/¢pK™
Signal 1731 £ 46
A (pm) 495 + 13
[/ fixed
Feeddown bb 595 + 44
Feedup bb NA
B, decayE NA
Comb. bb 613 + 66
Prompt |/ 4408 =70
—_ — L L B
5 A CMS Simulation -
2E CMS PAS BPH-09-001 -
‘\?.’102;_ i, —;
8 - ST > 5, E
I.% 10;— ' ............ e =
= E :a". s
E'l’ :;:,' L | ~..~.‘::~.\:' | ?
il A s
o i LA [T
Y R R [ 07 S
ct [cm]



MC results with[Z dt = 10 pb! @ Vs =10 TeV

¢ Yleld. 890 BO Component BO N I/l/JK*O

c:'\40():l—l|lIII|IIII|IIII LI LI L B L s Slgnal 890:':39
L ¢ [ BB Bkg CMS Simulation I
350~ I Prompt Bkg 10 pb” = A (um) 449 + 18
2 o B~ P x : J1ym NA
- il — e _N0.0N 4] —
g 300E — T c CMS PAS BPH-09 001; Feeddown bb 651 + 97
< 250~ E Signal : E Feedup bb 170 & 36
82004 | = Bs decays fixed
" eoFF Ly ; E Comb. bb 1710 =+ 149
g by IR ST Prompt /¢ 4000 + 68
100 — . 1]
50:_ _: —_ EIIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII|IIIIE
SRR LT ; . . E T CMS Simulation 3
e el il e Bttt el Bl '.E""J':'.F"j"'"u:"-r-'-J"'-'u-'-"*j'-::|='p-t;i=;¢~_g--_uauhum.; - B -! ]
0 5I 51.1 5.2 5.k3 54 5.5 5.6 g 10% & 10 pb —
B mass (GeV/c’) = CMS PAS BPH-09-001 3
N L -
S 107 : E
o NS ¥ E
T(B+) B RS i
Ryo= ——5t = 1.10£0.05 £ 0.01, L JETIET B
T(B ) E L E .”u ~’~:::~. T E
- ’ 3 . N:ZZZ%. » . ]
(current PDG value: 1.071 = 0.009) ﬂ” T e I +
3 S [
[ TER LT
10_1 AN | ls | I::I | 1 11 1 | 1 1 1 1 | 1 11 1 | 1 1 1 1 | 1 11 1 | I’I"I | | I|‘I ﬂ:’ J 1 11111
~01 -005 0 005 01 015 02 025 03 035 0.4
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Differential cross section

 The same fit procedure is
repeated dividing the sample into
bins of the prt of the B candidate

Only signal and background yields
are floated

v The B lifetimes are fixed to the
global fit values

do(pp — B + X)/dpTB can be
measured up to pt8 ~ 30 GeV with
a statistical error lower than 10%
(the systematic error dominated by
the luminosity determination at
startup) with Lint = 10 pb-1.
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Perspective

» Measurement with data at Vs = 7 TeV ongoing

v factor ~ 0.75 in cross section w.r.t. Vs = 10 TeV
v substantial yield gain using lower trigger thresholds

e Also: BO— J/p KO, Bs = J/P &, Ao = J/IP Ao

Br(B — J/V + H) - Prob(b— B) (B — J/U + H)

Ngp_, = Ny, : ’
B—J/V+H b—J/¥T+X B’r’(b—> J/\I;_|_X) e(b—> J/\IJ—I-X)
{;250_—'::..«'3'#;;"'"{"',;,;,,'\f'g=7'm'v""+""""""" - l l
> - L.=15nb? ]
- 4 data -
= 200__ — signal+background fit See talk byA Eanaro 0(1'5%) 0(10-15%)
E ~ === background-only fit . . |
= - this workshop
) - 1 _ .
E ~ Signal events: 1230 + 47 i Nb_>J/\IJ+X) - fb NJ/\P
= - Sigma:42.7 £ 1.5 (stat.) MeV ] ~
- 100: My: 3.092 £ 0.001 (stat.) . Jo = 0.15
50| - _ | few events expected in
T e data collected so-far
96 27 28 29 3 31 32 33 34 35
Wy invariant mass [GeV/c*
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.
We start to see interesting candidates ...

H CMS experiment at LHC, CERN
i Run 136100 / Event 256858438
§2010-25-5 03:43:48 CEDT

B — candidate




Measured parameters:

M (uuK )=5.268 GeV/c?
M (uu )=3.135GeV/c?
p,(B)=18.6 GeV/c

All other tracks: +
p =10.1GeV/c
p; > 1.0 GeV/c )

Dr Gf )= 3.4GeV/ce

Dr (K' )= 5.3GeV/e
Prob(;(2 )= 0.844
L, =193mm

CMS experiment at LHC, CERN 0 (L*i" )= 0.11mm
Run 136100 / Event 256858438 L, /oL, )-18
2010-25-5 03:43:48 CEDT

B — candidate Vs =7 TeV
[#dt =16 nb™
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The tools are there

CMS PAS TRK-10-001

_I|III|III|III|III|III|III|III|III|I_
| CMS Preliminary Yield: 17375 + 153 _

s =900 GeV and 2360 GeV [}| Mean: 497.68 + 0.06 MeV/c? _
| Core o: 4.53 = 0.12 MeVic?
N Tailo: 11.00 = 0.41 Mev/c?
| Core fraction: 0.58 + 0.03

PDG Kg mass:
497.614 + 0.022 MeV/c?

o
b= ey

420 440 460 480 500 520 540 560 580
n*n invariant mass (MeV/c?)
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VO reconstruction

Candidates / 1 MeV/c?

CMS PAS TRK-10-001
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400
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200

100

CMS Preliminary
\/s = 900 GeV and 2360 GeV

Yield: 3334 + 68

Mean: 1115.97+ 0.06 MeV/c?
Core o: 1.00 = 0.26 MeV/c?
Tailo: 3.25 + 0.14 MeV/c?
Core fraction: 0.15 = 0.05

PDG A mass:
1115.683+ 0.006 MeV/c?

1

80

1100 1120 1140 1160 1180
p (+ c.c.) invariant mass (MeV/c?)



O = K+K-

* the Si-strip analog readout allows to
reconstruct the charge deposited on

hits forming a track

* individual channel calibration is
performed via MIP signal

* a correction for the crossed path
length is applied

* Particle mass is estimated from p

a1
(=
o

and dE/dx
§7ooj— CMS PAS TRK-10-001
(O] —
S600— ; ] 'Llill L. ‘.’.l‘. % f 0
8_ [ A * * * o _T1Tle -, 4 "\ I
o - ' Y s llﬁ u & * \
oot kT

Candidates /
=N
o
o

w
(=
o
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\'s =900 GeV

CMS preliminary

1728 + 102 ¢ candidates
Mass = (1,019.58 + 0.22) MeV/c
Sigma = (1.29 = 0.32) MeV/c?
Width fixed to PDG value
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1.06 1.08 1.1 1.12
KK mass (GeV/c?)
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e pt > 0.5 GeV/c;

e normalized X2 < 2.0;

e at least 5 hits;

*Inl <2.0;

o Idxyl <0.3 cm,

*p>1GeV/cordE/dx = Mk 200 MeV



> 300F =

also D reconstruction G | cms preliminary ;

g 250 s=7TeV -

e Clear evidence of mass peaks 2 ]
- 7 TeV collisions < 200 -

- O(107) minimum bias events % .
 mass and om in good agreement with MC § 150 g

- validate the tracker pattern recognition,

. . - NO -

momentum resolution,B-field and p 100- D% = K-+ (+c.C.)
I "u: 1.867 £ 0.002 GeV ]
scale, secondary decay vertex quality u: 1.867. 0.002 GV i

S0N: 493+ 45
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.and J/Y — ete-

N 50 |||||||||||||||| | |||||||||||| | 1T T 1 | 1T T 1 | [ ||_
L0 CMS Prellmmary 2010 M= 30315 0.017 (stat) QoVIE
> [ Vs=7TeVL,, =16.4nb" B
() - 5=0.119 + 0.011 GeV 7
O 40 _—_+_ Opposite Sign T Copg = 6:2% 0.5 Events/0.1 GeVic? |
i ——+—SameSign S=93+14 -
) B + |
S~ B _ _|
%) 30 Bkg = 37 + 4 —
C | _
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> - |
W 20— + -
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Studies in this channel limited by:

- higher trigger thresholds

- bremsstrahlung in the tracker material

- charged hadrons combinatorial background
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Reconstruction of Bs = J/ ® decays

* The Bs® meson at LHC: - selection based on Pt,
- measure Ams, Al's vertexing, inv. mass
- weak phase ®ckm — possible hints - unbinned max-like fit to the
for NP time evolution of the angular
e MC study performed by CMS distibution:
see V. Ciulli et al., CMS NOTE-2006/121. — .
gee also: T. Speer, Capri2006, P= 8(2‘, ®) f{@, & t)

A.Starodumov, M. Biasini, Capri 2008): efficiency diff. decay rate

Al's /T's can be measured @ 20% d*I'(B.(t))

— _ (i) (i)
orecision with [#= 1.3 fb-' @14 TeV —o g ~/(0.01)=2,b" (e 1)g"(0)

/77

theory

observables:
I_ H, I_ S, Ams

e Updated study for first few pb-! @ 7 TeV ongoing

e Max Likelihood. fit to inv. mass and lifetime distributions for
signal and background processes (like for the B = J/{ K))
- Msgs and tss measurements possible since the first pb-1 of data

- ~ 500 evts. after 10 pb-1 of data
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Search for the B meson
X.W. Meng, J.Q. Tao, G.M. Chen

* unigue properties of the B¢*: CMS NOTE- 2006/118
- HNO heavy quarks of different (see aiso: T. Speer, Capri2006, A.Starodumov, M. Biasini, Capri 2008)
avor
- On|y weak decays possib|e e Based ona MC study @ 14 TeV
- Tc<TBc <Tb - CMS has the possibility to observe
the B — J/{ rtdecays
e still large the theoretical - ~120 events in 1 fb-"
uncertainties - 15 MeV mass resolution
v o(Bc) ~ 108 o(B-) - Tc measured with 0.045 ps error
v 18c~0.46 ps Study for 7 TeV ongoing
L L B e e T S S
: [ CMS Simulation |[[> %™ & T F = |
% 10°F _ — Fgomp”' ' £ i [ prompt Ji¥ ks
2 F 1 fb = £ 20f
§ : I:IBZ é "
10°E e . e 3 15F K
: r\ E E E
102— ';' 10 -
13 T sF :
: Wpldl |W 1 o L : -
e 5 GRS | 1111 i 1 s o Ll T i
3 4 5 6 my. cant;date ( GeWc2? Proper decay length (cm)
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Conclusions

 LHC is delivering proton-proton collisions at Vs = 7 TeV
- luminosity is constantly increasing
v up to ~ 1 b1 integrated luminosity may be expected by the end of 2011
e The CMS experiment is collecting data with excellent quality:

- exclusive B decays into a J/ offer clean experimental signatures well
suited for the startup phase

- Monte Carlo studies at Vs=10-14 TeV are being ported to the present
LHC energy regime of 7 TeV

v generally lower trigger thresholds w.r.t. 14 TeV studies are applied
* Arich physics program with exclusive B decays is envisaged:
- Exclusive B mass peaks (since the first ~1 pb-1 of data)

- b production cross section with exclusive B states and bb correlations
(requiring order of 10 pb-1 of data)

- B¢ observation, mass and lifetime measurements ( ~ 100 pb-1)
- Bs mixing sector and Al's with ~ 1 fb-1-
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Reserve



FCNC: Bs — u+u- CMS PAS BPH-07-001

¥

b I.," -,] N b:l~\~,\,~+;3,I:lli),/t‘fl< I-
t,c,u |d ]V .
s(d) o - s(d) W= 30 .
w- i’
* highly suppressed in the SM
- Br(Bs® = ptu-)=(3.42 £0.54) x 10-°
* sensitive probe of NP
- MSSM rate proportional to tan® 3
e analysis at MC level performed by CMS
- yield normalized to the B* = J/@ K+ channel

- with 1 fb-! luminosity and Vs = 14 TeV it is expected to pose a
95% c.l. limit: Br(Bs® = ptu-) 1.9 x 10-8.
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; .|CMS experiment at LHC, CERN
:|Run 136100 / Event 256858438
:12010-25-5 03:43:48 CEDT

B-— J/YK candidate

] ’ﬂ”‘ -““ P

‘\_--

. * er““ i




Event Selection and Measured Parameters

e Selection

Measured parameters:
— Two muons (global or tracker) satisfying

2
quality criteria, passing the trigger, making MGWK): >.268 GeV/e
a good vertex, and having p; > 3.0 GeV. M(ptu)= 3.135GeV/c’
— Charged track with pT > 900 MeV, at least p-(B)=18.6GeV/c

i 2
three hits, and x?/ndof < 5 pT(M+ )= 10.1GeV/e

— Require a good 3-trk vertex with mass

constraint on the dimuon Pr Gi_ )= 3.4GeVie
* Parameters Dy Q(' )= 5.3GeV/c
— Prob(2) = probability of 3-trk vertex Prob(xz )= 0 844

— L.. =transverse decay length of 3-trk vertex
XY y1ens L =193mm

relative to primary vertex Y

— G(ny) = error on transverse decay length O (ny )= 0.11mm

L,/o (ny )= 18



CMS Preliminary 2010 CMS Preliminary 2010

E H I T T | T T | T T | T T T T T T | I H E | "'DAT |
© - *DATA - 1200 @MC (light)
(] - @MC (light) i  EMC (charm)]
210tk OMC (charm) _ g - @MC (bottom)
8 £ BEMC (bottom) E 31 000— _
N - - N _ i
= = s © - .
©
3L _ = - i
E 107 S 8001 ]
Zo - ] Z - i
O B . @) B |
S je2k 4 =e00- .
- i 4001 _
10 00: :
; - b |

30 20 10 0 10 20 30 ' ' 3D IP significance
3D IP significance

Significance of the signed 3D impact parameter for all tracks selected
for b-tagging for jets with p; > 40 GeV and |n| < 1.5

Right plot: zoom into the central region
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CMS Experiment at LHC,|CERN

Data Recorded: Sat Apr 24 08:31:20 2010 CEST . o 10!

Lumi section: 795 I e . 4
bt [

[ Event : 133874 [ 64064942
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Nov-Dec 2009

e V/s=900 GeV @ LHC injection energy
- 300K events
- First LHC collisions December 2009 (~15 pb-1/10ub-1)

¢ V/s=2.36 TeV

- 20K events
- Delivered/recorded ~ 1.2ub-1/0.4ub-1
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D* search

“‘QZOO—‘II I I I I I l I I I | L | L || I l_ Informaﬁon
> 1801 CMS Preliminary -
= - _
o - 7 TeV data 1 — Data: ~24M events
‘\; 160 - 4 — Search for D* - K'm* rt* (and c.c.)
g 140 :_ _: . zﬁg?ggirly vertex formed by 3 tracks with total
L N * * { 1 » topological approach: L/S and D* pointing to the
120 — * - primary
- { { i_ _ : ' e Momentum cuts on tracks:
100 J i + H H ﬁ - —p >1.5GeV
80t— ...... + * _: — p;>0.1GeV
- 1 — Binned ML fit (Minuit)
60 H . | B » Signal = Gaussian
400 Yield =333+38 - * Bkg = 2" order polynomial
- Mean = 1.8693 + 0.0021 -
20 Sigma = (17.29 + 2.31) MeV/c* =
:Illllllllllllllll III l IIIIIlllIIIIIIIIIIIII—
9.5 1.6 1.7 1.8 1.9 2 2.1 2.2 2.3 24 2.5

M(Knn) [GeV/c?]



> 3001 -
InCIUS|Ve DO O) | CMS preliminary ]
A 250__ s=7TeV ]
Q - )
- u _
o . o | -lq—'> 200‘l __
e Selection criteria g < :
> ‘good’ runs © : ]
& 1501 -
> transverse momentum cuts S - -
p(K) > 1.25GeV - i
pi(m) > 1.0GeV 100
0 “u: 1.867 = 0.002 GeV i
pi(D”) > 3.0GeV | 0:0.016 = 0.002 GeV .
. 50[N: 493+ 45 -
> Vertexing cuts " S/NS+B: 13.1 1
d(K7 7-(-) < 0'025 Cm : I I | | I I | | I I | | I I | | I I | | I I | :
< 45 1.7 175 18 185 1.9 1.98| V2
3 < loy/oley) < 20 Mk - [GeV]
o(lzy) < 0.03cm e MC expectations
> DY momentum vs. PV-SV direction > Peak: 1.863 4= 0.002 GeV
L(Ppo, PV :SV) < 0.1 > Width: 0.014 £ 0.002 GeV
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Events / 0.5 MeV/¢

D*— D(Kn)n

IlIIIIIII]IIIIIIIIIIIIIIIIIII]II

_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII|

CMS Preliminary
\s =7 TeV

Yield = 569 + 62
Mean = (145.42 = 0.05) MeV/c?
Sigma = (0.68 = 0.08) MeV/c?
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0.

R

=

0.142 0.144 0.146 0.148 0.15 0.152 0.154 0.156 0.158
M(Knr) - M(Kr) [GeV/c?]

« Data: ~37M events
« Reconstruct D* — D%tg , D% — Knt
— Kinematic selection:
« pr>600 MeV/c for Kand n

e pr> 250 MeV/c for nig

e pr>5.0 GeV/c for D’

— Select D* candidate with highest p if there is
more than one in an event

— Track quality:
« N, > 5 (except for ng)
« x2/ndof<2.5
¢ |dyy| < 1Tmm; |AZ| < 1cm
— Mass windows
« |M(Kr) — PDG| < 25 MeV/c?
— Unbinned extended ML fit (RooFit)
— Signal = Gaussian

— Bkg = threshold function for AM and
quadratic for M(Km)



