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Outloole

Motivations

The CMS experiment
» Physics results :

» Inclusive b-jets production properties

» Semi inclusive b->J/Y X production rates
» Exclusive B decays to J/Y X final states

» Other heavy hadrons

* Conclusions

~,‘%///ﬁ(' Gj/’///('//()//ﬁ

Universita' & INFN - Padova



Heavy Flavour Production:

* high energy scale allows reliable perturbative
calculations —> test QCD @ NLO, uncertainties

from renormalization and factorization scales ﬁ

® b-jets closely correlated to original parton

Heavy Flavour Properties:

as? g

g

0s°> g

» Top Physics

Flavor Excitation

* Weak Decays and CP violation:

B —>u'u, B=>JW®, A, ..

New Physics Search

* b-jets final states may flag new particle
production: h—bb, A—bb, Z'>bb

g

Os° g
Gluon Splitting

d

* Standard bb production is the main background

Source
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The CMS Detector

Total weight 12500 t e High precision tracking
Overall diameter 15 m ECAL 76k scintillating
Overall length 21.6 m PbWO, crystals

o(p)/p, ~ 1% @ S0GeV

HCAL Scintilator/brass

interleaved Muon

ISR Ee End-cihs High resolution vertex
cathode stip chAcse) — recontruction

Resistive FPlate £h. (RPC)

o(Il Vtx) ~ 10 pm

High efficiency, self
triggering, redundant
muon system

Pixel _ High resolution jet
Tracker Pixels & Tracker . .
ECAL « Pixels (100150 ) reconstruction (Particle
~ 1 m2 66M channels

HCAL = Silicon Microstrips F]‘OW)
Muons ~210m? 9.6M channels MUON BARREL

. . Drift Tubes (DT) and
Solenoid coil Rgsistlijveeélate Cahr;mbers (RPC) ° Acceptance

complementary to LHCD's
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Inclusive b-jets production properties:

a (T(pp—>bBX, b—>uY> JHEP 1103 (2011) 09, 85 nb
° o—(pp—>bBX) with b-tagged jets CMS-PAS-BPH-10-018, 60 nb~ (prel)
* b-jets angular correlations JHEP 1103 (2011) 136, 3.1 pb™

Semi inclusive b->J/ X, production rates

Exclusive B decays to J/Y X final states

o o(pp—B-J/wK, JIwK,, Jlyd, JIyA)
Other heavy hadrons:
’ X.1 5, X(3872), bottomonium, ... Nt here,

Sranec Cﬁ%’/}/('/m//ﬁ

Eur.Phys.J.C71(2011),
1575, 314 nb™

PRL 106:112001,2011,
arXiv:1104.2892,
CMS-PAS-BPH-10-013,
CERN-CMS-DP-2011-007

due to tine constraints
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o(pp—bbX—-uY)

s p.(W)>6 GeV, |n|<2.1 » fit to p™ (4/jet) determines
relative amounts of b signal
» track-only jet, p,(jet)> 1 GeV and (udsc) background

(p,(track)> 300 MeV, anti-k, R = 0.5) . signal shape validated in

lifetime-tagged jets

x10°
> L B B B LA BN B
u A 8 14:_ - ;;TS data ]
_ N -
o 12| & |- b 7
B S el P c + light
i) i
Secondary S 101 \s=7 TeV B
Vertex S I I
() L=85 nb™'

Jét

N b~ O
" |

Jet

OO
.
N
N
(@) ]
(@)]

muon prf' [GeV]
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Resulks

JHEP 1103 (2011) 09 (85 nb"):
o(pp—»bbX—-puY) = 1.32+0.01_,,+0.15_ . +0.15, ub

ub

Sys

o(MC@NLO) = 0.9577] .,*t0.09, . +0.05
o(PYTHIA) = 1.9 ub

pdf

— = 1200~
S n . [ _
© - | [__*__] CMSdata 1 =3 L | [__* ] CMSdata i
0] - MC@NLO (CTEQ6M, m =4.75 GeV) — i MC@NLO (CTEQEM, m,_=4.75 GeV) | -
S 1 03 I p—— MC@NLO total uncertainty — S 1000 - __. MC@NLO total uncertainty -
= =1 ———— PYTHIA (MSEL 1, CTEG6L1) E E [ | — PYTHIA (MSEL 1, CTEQsL1) i
§-<'“ g \s=7 TeV muonlinl<2.1 . T BOO'_ Ws=7 TeV munin::EGe\r'_-
+ K = L=85 nb’” | - L=85 nb’" .
| _| > i _

3. 102§ - e + - |
i - ] Q 600~ o
o B Q i i
10 - E 2 400k =

T - g 3 b\l-:g' I e e e S R 7]
Q A S i © foeesl T T
* ot — 200— —
o [ ke 2000 N
- 1 T = I ]
o e e ] O'I....I....I....I....l-
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ive x-seckion for b-taqqed ieks

A .Y

» Particle flow jets : “optimal” combination of

. . . . o 160CMS preliminary, 0 nb” ___ \s=7TeV

tracker and calorimetric informations 8 oM<z oma T

: W 1l [ ¢ template 7

» Wide acceptance : 18 < p_(Jet) < 300 GeV S 120 B fight templte -

37< P, < 56 GeV

v 100F
[ XZINDF=18.QI17 ]

» Secondary Vertex tag, b-purity ~ 70 %

* Compute ratio of b-jets to inclusive jets,
compare to QCD 2ol B

Number of jet:
g
I

bt CMS—PAS-BPH-]_O—018 065 1 15 2 25 3 35 4 455
Secondary vertex mass (GeV)
10° CMS preliminary, 60 nb"’ \'s=7TeV CMS preliminary, 60 nb’ | \s=7TeV
_— ‘I~_ T T T T T T 1] T T T L= -6 : l_ Mcl NLIO ! ! T T :
T o ©IyI<0.5(125) 7 > 0.1F pytf?a Anti-k, R=0.5 PF_
S, o b M e > 0.5<]y|<1(x25) 3 = - [ Exp. uncertainty |
-8_ 10°F ;:'“ TR « 1<|y| <1.5(x5) & g i (centered on ansatz)
: 10° \_f.:j\T\ o 1.5<|y| <2 -é (_é
oHot O - =
I 400 D N "]_’.
o - Q
o 102 .
2 10 N S
0 ? R S
1F — MC@NLO RN AN
10" [ exp. uncertainty ‘ Ny
Anti-k. R=0.5 PF 5 s :
10‘2 1 1 TI ol 1 1 | 1 | S 0 G' L L 1 1 1 L 1
20 3040 100 200 20 30 40 50 100 200
CROSS SECTION b-jetp_(GeV) CROSS SECTION RATIO p, (GeV)

~,‘%///ﬁ(' Gj/’///('//()//ﬁ

Universita' & INFN - Padova



b= feks anaular correlation

-

b-jets pair produced
angular correlation clarifies dominant

production mechanism: QS2 g

@ gluon splitting -> collinear production ﬁ
o flavour creation -> well separated jets g
as® g

Flavor Excitation

g

Os° g
Gluon Splitting

d
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b= feks anaular correlation

-

® b-jets pair produced N (tracks)=3
° angular correlation clarifies dominant L>50(L)
production mechanism:
@ gluon splitting -> collinear production
o flavour creation -> well separated jets :\
* use direction primary to secondary vertex to ) _.*~
. . AR = (A¢p)+(An)
improve angular resolution O Ay

AR , absolute normalization Ratio to Pythia, normalized AR>2.5
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jets anqular correlation

® b-jets pair produced N (tracks)=3
° angular correlation clarifies dominant L>50(L)
production mechanism:
@ gluon splitting -> collinear production
o flavour creation -> well separated jets :\
° use direction primary to secondary vertex to | ,,A'R' ST
improve angular resolution &

JHEP 1103 (2011) 136 (3.1 pb) : excess of collinear jets wrt NLO-QCD expectation

CMS Vs=7TeV, L 31 pb" CMS \s=7TeV,L=3.1pb"’
3‘! : ||||||| | | |||||||||||||: S _|||||||||||||||||||||||||||||||||||||||II_
-3 i — PBHEGEV Iﬂ I‘=20 ] I r PYTHIA m  Data(p)>56GeV)
o| %105 '_E—'Iﬂ"“l‘=30 _ I; [ B MadGraph O Data(p’™>84GeV)
< E E o | MEEMC@NLO T _
ﬂu E E = o [ Cascade & Data(p]” >120 GeV)
—Q—' _i_‘_i_‘_f_‘—f— m '; Ar pe B > 15 GeV, nf] < 2.0 ] Normalisation region
E —g— '—E—' = =
8 ’—Q—'_;H 3 L] i
I ——— ] or
10° s * ’_‘zr'_‘ = C
E = 3
E — % s —a— —— . 2:
107 m Data {p:“ >56 GeV) x4 —— I—: ; C
E 0O Data {p:“ >84 GeV) =2 e 4
- e Data(pl">120 GeV) 9 3r
10 PYTHIA il Ls 3
E = 1 iy
B b b v b v b L e 0 13 u_l—r-r'l-m-v-h-rrﬂ""rlluﬁ\\
0 05 1 15 2 25 3 35 4 0 05 1 1.6 2 25 3 35 4
AR , absolute normalization®® Ratio to Pythia, normalized AR>*R5
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BR(B —>J/W X ) ~ o(few %)

J/W —> U clear , easy to trigger signal

decay length information tags prompt
production from B decays

prompt includes ~ 30% feed-down from higher

charmonium excitations

-
or.a

Events / (0.065 mm)
)

10

- rrri I rrri rrri I rrri I rrri I rrri E

o CMS-Vs=7TeV ]

i L =314 nb™ i

L —4— data .

total fit

; - === bkgd + non-prompt ;

S e bkgd ]

: L1 11

1 -05 0 05 1 1.5 2
lwa (mm)
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Resulks

» Eur.Phys.J. C71 (2011) 1575 (314 nb'})
Prompt: o(pp—J/¢X)B(J/y—-u" pu ) = 70.9%£2.1,,, 3.0+, +7.8

nb
o(pp—bbX->J/¢Y)B(J/ly—-u u )= 26.0+1.4 . +1.6+_,+2.9 nb

o(syst) not including 20% uncertainty from unknown polarization

lumi

sta sys lumi

Ty L L LU L L LU UL L = Lo LU LR L LU LU UL LU ) L L L I
S0 ——CMS data S10°E —CMS data 3 SR — CMS data 3
8 NG - PYTHIA S /\n 0 - PYTHIA AN PYTHIA
£ 104 ) CASCADE - S 10} \\'-.___ CASCADE - S 10} \ CASCADE -
= P CEM ] > f N CEM ] > f N, CEM ]
B o ik N 2" 1 . ] -2_" 1k \\ ]
E o f h'J.- r| <1.2 8 \1 2« IyJ_I_UI <16 E S \15 < |yJ_l"u| <24 E
[= w £ U, 2 N
o % | Y e N e N
= x10'F S E % 10 e 3 % 107F NS 3
& fua] E = N m ‘i:_-_.,q(' m E \\
L "‘a-_t’ L ‘-.,4_“- L ‘\l-;‘."ir,
1025 CMS,s=7 TeV S 10%E CMS,\s =7 TeV T 3 10%E CMS,\s=7TeV ST
i L 314 nb™ i L 314 nb”! ] [ L=314nb" '
ala PO RTINS S R T N | 3 Ml BT EE E A S BT AT A ] EFEFETEE S EPET RS A EPEE A |
0 "5 10 15 20 25 30 1095 10 15 20 25 30 0% 5 10 15 20 25 o
pL¥ (GeVic) P (GeVic) Py (Gevic)
— T T TT T T TT T T TT LTy T TTTTTTTT TTTTTTTT LN — T T TT T T TT T T TT
3" 10%E ' e, 'J.rq;, FONLL - 5;” 10°F — B—Jiy, FONLL - 3‘3 10%E ' e, 'J.rq;, FONLL -
es T E —— CASCADE (% E — CASCADE [i§] F — CASCADE
as . a0 PYTHIA 5ol 0 T PYTHIA S ol PYTHIA
S 104 E 2 10§ 3 S 1ot 4
E £ F —— CMS data = —— CMSdata E F —— CMS data
. = : .
8-3'1:— -:" L3 , 12<ly |<16 -3'1- 1.6 24—-
9’ T ly, |<1.2 2 oo Jiy o o Y, 0% le <<
c NO F Jiyr ND I ; No E E
O S4nlk 2107k 2 -
%10 % 107 x 107 3
Z o | & o
102F CMS,\s =7 TeV N 10%f 102F CMS,\ s =7 TeV
E ., E
" L=314nb" 1 L= 314nb' ] L= 314 nb"
10-‘]||||I||I||||I||I||.I... 10‘3 el bag o Lo g o Lo oo 1oy 4y 10_.:1' PP | I | I St | I P (o
0 5 10 15 20 25 30 o 5 10 15 20‘“ 25 30 0 5 10 15 20 25 30
P (GeVic) Py (GeVic) pr" (Gevic)
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Resulks

o Eur.Phys.J. C71 (2011) 1575 (314 nb}) :
Prompt: o(pp—=J/yX)-B(J/ly—-pu pu ) = 70.9+2.1,,,+3.0 +,,, +7.8 nb
o(pp—bbX—=J/YY)B(Jly—-u p ) = 26.0£1.4,,,+1.6+,,,*+2.9,,.; nb

G(syst) not including 20% uncertamty from unknown polarization

lumi

lumi

U) o ] I L) 1 1 I LI ] I T 1 1 I | 1 I I 1 | | I ] 1 ) I 1 ] | I 1 I _]
S 050 CMS \s=7TeV 314 nb’ -
= - o 16<]y[<24 .
_(CU - o 12<]y|<1.6 "
0 04 © lyl<1.2 ¢ =
e | -
o r | I
> E
2 i{ _
S 0.2F iy -
S ﬂ { ﬂ o p
2 I AT .
© 0.1 % . CDF \s=1.96TeV |y|<0.6 ]
w T PRD 71 (2005) 032001 g
U—I L1 I ) I | I L1 1 I 11 1 I L1 1 I L1 1 I 11 1 I 11 1 I 11 1 I L1 I_
0 2 4 6 8 10 12 14 16 18

pf‘" (GeV/c)
Consistent results with LHCb, ATLAS, Tevatron
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8:/8,/8/A, procuction

» Sizable B(B—J/yh) ~ o(%o)
* Invariant mass & ct tag the signal

* Control prompt (random) and non prompt (feed-down,
misreconstruction) background with M sidebands

» Measure cross sections in p., y bins

T T RN AR IR IR IR N A IR IR R
300 £ CMS \s =7 TeV ] 0t b f"fss \f;j Tev
- p.(B)> 5 GeV L =5.8 pb’” - —oP E
n " 250" T ct>100 um 3 = 10° &
2 a <24 ] F
B —>J/(IJK ﬂzooj—lyl 2 107 £
S r 8 F
S 150 | ; 10
PRL 106:112001,2011, 5.8 pbt 2 k& P
1
E 100: l%)
50 [ 10"
) ST TR N TR L I R FU ORISR S T N e SR I IS A P S
5 5.1 5.2 5.3 5.4 55
Mg [GeV] _
> 1200~ ' ' ' " CMsNs=7Tev £ 'CMS \s = 7 TeV
I -1 -1
o 1000 Pr(B)> 5 GeV L=40pb 2 0 L=40pt
Qal =
_)le P Z 2 r —=— CMS data
Bd KS S 800— : 3 102 [ Promth/‘l‘k 5
~ ~ E f -- + non-peakin 3
. Q SE=Slik "8 o - +peak'i)nng =
arXiv:1104.2892 40 pb 5 0 5 ok + signal ]
S - —=— CMS dat S E
Accepted by PRL £ 400 Prompt J/v g nE
(@) r +non-peakingB O
200— - - - +peaking B 1
- (a) —— + signal |
Q_HHII”III“II“HIIIHI””III”I”I 107 b L K
.9 5 51 52 53 54 55 56 20.05 0 005 01 015 02 025 0.3 035 0.4
mg (Ge\ ct (cm)
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________Bs=—>J/Wo

» B_decays provide yet-unexplored bench marks of the SM:
¢ CPVin B, > J/Wo
« B(B, > pu'W)
¢« CPV in B, mixing

» CMS potentially competitive due to superb muon
identification

» To date : measurement of

o (pp—B,X)-B(B,~J/¥ ¢)
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o(pp—B.X) B(B,—~J/Y ¢)

% 355_ KK M l :CMS Preliminary1
» pi(B) > 8 GeV, |y(By| <2.4 lﬁ
o J/W (—>uu), p(—>K*K") constrained to a common . }l' ﬁ |
vertex . | J | }
» multi stage fit to (M, ct) measuring event yield, 5;.%‘ H’h '}. B Il'iﬁﬁ}fﬁﬂm Hloy
KK’ invariant mass (GeV/c?)
background shape parameters and shape of ct o
distribution cT = 478+26um
1.40 (stat) from PDG W.A.
B, Mass B  Mass, ct > 100 pm B_ proper time on Mass Peak
?45() = v 200F E‘m‘ :
M CNS Preliminary : CMS Preliminary = f _
et s=7 TeV, Loanpy’ | S0 \s=7 TeV, L=dopb’ | Sl signal  \er? Tov, Ledop’
3350: ct>0.01cm ‘E
éann: 5102 long lived bck
52502 L fro 3
200 ogfi "
150
3 1
100 :' N :
5"; k s e 10 .": prompt bck .
E;J LE_Izs 5L3 = 5I,:Iié 5|4? 5;5-4 ' ;5 I ééé : I-515 I 55 E; 5.I25 '5'.|-3.|.I I5I..I'!él I I5.|4I'H.é:;5 5:5l I ééél uﬁfﬁu I5L.5! -U.Uél I IUI I Illl.05I B I(1.1I I I(Ill|5I . IU!2I I IIIJE; B IU 3I B 635
Jiyo invariant mass (GeV/c?) Jiyg invariant mass (GeV/c?) ctau (cm)
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o(pp—B.X) B(B,—»J/¥Y¢) = 6.9+0.6

+1.9

o(MC@NLO) = 4.6"1) jop*
o(PYTHIA) = 9.4+2.8 nb

o (pp—B,X) B(B,~J/¥¢) * resulks

» CMS prel. (40 pb, p.(B) > 8 GeV, |y(By)| < 2.4):

+0.5

sta

1.4, nb

sys

.£0.3 ,nb

Data
PYTHIA {MSEL 1, CTEGQSEL1, Z2 tuning)
MCENLO {CTEQEM, m = 4.75 Gav)

MCENLO scale variation {0L5-2)

CMS Preliminary
\'s=7 TeV, L=40pb"

b
in

CMS Preliminary
\'s=7 TeV, L=40pb’

<50 GeV/c)[nb]

[

B
T

—
n

Data

PYTHIA {MSEL 1, CTEGSL1, Z2 wning

MCEHNLO ({CTECSM, m = 475 Gav)

MCZHNLD =cals variation {0.5-2)

—

-3

—

T

doidp_(pp—B,— J/v ¢; |y|<2.4)[nb/(GeV/c)]

BF (30%) and Lumi (4%) uncertainties not shown

do/dy(pp—B — J/y ¢; B<p
o
in

BF (30%) and Lumi (4%) uncertainties not shown

40
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Exclusive Decaus ¢ summa

CMS Preliminary,\Js=7 TeV Spring 2011
» Similar analysis performed on
B*,B, B s B e
* Similar precision, similar B x B 55252550113
P:>5 GeV, |y|<2.2 (4pr-r)

consistency wrt MC @NLO

pp— B, X = Jhy o X - 6.9+£0.6+05 £0.3nb
8<P;<50 GeV, |y|<2.4 (x1000) (40 pb™)

| |

0 50

B-Meson Production Cross Section [ub]
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Exclusive Decaus ¢ summa

» Similar analysis performed on

B*,B,

° Similar precision, similar
consistency wrt MC @NLO

» N\ (—>J/WA) measurement is

on the way

CMS Preliminary,\Js=7 TeV

Spring 2011

pp— B' X
P:>5 GeV, |y|<2.4

value t stat. + syst. = lum. error
(integrated luminasity)

—  28.3+24+20+11pb
(6pbT)

60

50

40

30

20

Events / (0.025 GeV/c?)

10
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pp— B° X - 33.21+25+31+13pb
P:>5 GeV, |y|<2.2 (40 pb-f)
pp— B, X = Jhy o X - 6.9+£0.6+05 £0.3nb
8<P;<50 GeV, |y|<2.4 (x1000) (40 pb™)

| |

0 50

B-Meson Production Cross Section [ub]

\s=7TeV

CMS preliminary

J Ldt = 194 pb™

%IIIIIIIIIIII|IIII|IIII|I:

L+
+

54 55

56 I 57 58
Jw A mass [GeV/c?)
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Exclusive Decaus ¢ summa

CMS Preliminary,\Js=7 TeV Spring 2011
» Similar analysis performed on
B",B 1 B oo i<z B e
* Similar precision, similar B x B 55252550113
. P>5 GeV, |y|<2.2 (40 pb”)
consistency wrt MC @NLO
. pp— B, X = Jhy o X - 6.9+06+05 £0.3nb
2 /\1O (—>J/W AN\) x-section B<Pr<50 Gel. <24 (x1000) (0 p0")
measurement is on the way
. | |
) 0 50
a COmpaI'ISOl’l Wlth 11’1C1US1V€ and B-Meson Production Cross Section [pb]

semi-inclusive (b—>J/W¥X)
measurements will help
shedding light on bb production

CMS preliminary
Vs =7 TeV

60

J Ldt = 194 pb™
50

Events / (0.025 GeV/c?)

sof- E
and fragmentation at the LHC sof- e
20 i— _i
1of - + L] ._E
S e S
0™ I5_'4 — I5_I5 — I{'3."6 — 5_|7 — I5.|E! —
Jw A mass [GeV/c?)
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______ Conclusion

» CMS has measured the cross section for inclusive, semi-
inclusive and exclusive b-production in 7 TeV pp
collisions — sole experiment (@ LHC to date

» Results in rough agreement with NLO QCD, albeit with
large theoretical ( scale, fragmentation,?B ) errors

* Increasing L will improve precision by allowing:

» further correlation studies
* polarization measurements

o cClosuretest:o_=2_ _ 0(B)

» CPV and rare decays hopefully just beyond the corner
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