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Dilepton mass spectrum at 7 TeV
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And of course, from LHCb

B-quark production cross sectior
+ It’s also very forward-peaked
¢+ LHCb: cover 2<|n|<6 region

Event display
(view from top)
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And LHCb...
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LHCDb: onia
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Onia — why they’re interesting

It all started with CDF in Run I: very §
large prompt J/3y component

¢ Advent of SVX meant one could
separate the J/A) from b decays and
“prompt” production

+ And it was not due to y,  cascades:
same “problem” in {(2S5):

CHARMONIA MASS SPECTRUM
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do/dpy (nb/GeV)

NRQCD, color octet, etc

Color octet: bleed only color, so no need for singlet to

form hadron
Seeffr e

cc| S(s’ cc| S(a)
+ Implies a much larger cross section (any gluon-gluon initial
state - gluon in final state, gluon fragmentation -2 )

“bonus”: non-perturbative, so normalization floats ©
“sign”: charmonium should be polarized.

.. : Or not?
Normalizing direct+COM to data NRQCD
L T (transverse
CDF, Run Il / polarization)
ﬁ_ N
o e o« 1+A,(cosd)?

Tt t—+—— ¢ | dcos®

i :\ Color singlet
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I = I B B i .
, 1 1 | N e 5 10 15 20 polarization)
e T s w0 s 2 0 5 10 15 20 pr (GeV/c)

pr (GeV) pr (GeV)

P. Sphicas CERN Academic Training
LHC 2010: summary and prospects Feb 1-3, 2011 59



J/!.|J Production ()
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J/l|J Productlon (1)
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Events/(0.1 GeV/c?)

Upsilon Production
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Charm(onium) production: LHCb

5
10 ———LFCb (2.0<y<45)
—A— NLO CEM (2.0<y<4.5)
—m— LONRQCD (2<n<5)
104

dc‘rj)/r%mpt/dydp.r (nb/GeV/C)

-
(=]
N

I IIHHI| T IHIIH| T \HHII| \IJHIH| T HIH| T TTTIm

Open charm cross-sections

(D*, D%, D*, D, and A,)

D%c.c. cross-section

0 3
10 N 2 0 | LHCb,N's=7 TeV LHCb,Ns=7 TeV
LHCb : 2.0<y<2.5 2.5¢y<3.0 ]
Preliminary . 10 [
1 \s=7TeV 3
} —@— LHCb Preliminary —@— LHCob Preliminary
J. L=5.2 pb'1 1 E’ e Pythia( LHCD tune) 3 E’ e Pythia LHCD tune)
f ---=BAKetal ====BAK et al.
Al v b b b e b by L i | 1 — MG el al. — MG el al.
10 2 4 6 8 10 12 14 16 _ 18 _ 20 o e A AR T
PTOfJ/\V(GeV/C) ™ ™ T UMMM SR 1E T T T T L I
10 LHCb,\'s=7 TeV LHCb,N's=7 TeV ]
— +1.69 ] E
— ( 1 0-810-05i1 151 _2-25 ) Mb E —@— LHCb Praliminary —@— LHCb Preliminary
> — 1 E’ e Pythia( LHCO tune) f ~—— Pythia(LHCb tune)
o L f - ---BAKetal -===BAK ol al.
%F- rﬁ* 10 1 ;_ MC «:al_ 4F MC (:':JL .
\m102;b »fi* CMS _‘ A P N Y I T P P | S I N T I I I
_E H —&— CMS 1.6<lyl<2.4 (0.3 pb™) T T T T T T 0 1 2 3 4 7
%Dg ?H *ﬂ;j 10 i LHCb,Ns=7 TeV 1 p [GCV/C]
° H —e— LHCb 2.0<y<2.5 (5.2 pb") F 4.0<y<4.5 ;
L + F
- 10 F 3
~H— E o w1o Proiminary Huge charm
10 =B ++ L H C b 1 ' —— Pythia(LHCb tune)
F f Bk roduction
L ++ 107 F...T.P:q\.‘.e::.“;..l,,.,1..,.|....1....1...,_' _p
I 0 1 2 3 4 6 7 in forward
p.. [GeV/c] . )
1= 5 u
2 ’ direction:
L. e e b by by e b by
0 5 10 15 20 25 30 35 ~20 x b
p, of J/y (GeV/c?)
P. Sphicas CERN Academic Training

LHC 2010: summary and prospects

Feb 1-3, 2011

63



B*>

PK Production

arXiv:0172289
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bb-cross section

Start from D0 sample. Then:
semileptonic B decays: ptD! — Kn*

fit sideband-subtracted D° IP distribution

Form wrong-sign (WS) combs: B— D°u"vX

Form right-sign (RS) combs: B— f2Se—uX
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bb cross section

50
X un-triggered o e MCFM
40} * single-u trigger
+ average === FONLL
do 30
ﬁ error
on theory
(ub) 20
10¢
LHCb
0 1 2 1
2 3 4 5 6
3 N
From B°—D? X*uv; D° —-K-mr* In perfect agreement with B—J/pX
o(pp — bbX) = 284 420 + 49 ub . o(pp — bbX) =295+ 4+ 48 ub
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Inclusive b cross section from muons
Muons in jets; multiply by b fraction
(from P,el fit)
+ Largest expt uncert: fake muon “model”
(ptrel) & und event

Muon
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b cross section

u from b,bbar
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xperiment at LHC, CERN
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LHCb: particle Identification on B>hh

No particle ID: any 2 hadrons

w= 5.2457 + 0.0013 GeV/c?
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BR(B%n n)=5x 10!

>

(will get as many Kz in <1 fb"! as Belle in 1000 fb- 1

particle ID:

~160
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S
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(raw) evidence for direct CP violation

B'—=Kmn
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B /B, yield = (10.72.0)%,
Acp(B,0)=-0.13420.041
(HFAG: -0.098£0.012)

Ac.p(B.%)=0.43£0.17
(CDF: 0.39%0.15%0.08 in 1 fb"1)

« only raw asymmetries

* not accounted for
production & detector
asymmetries

* not a physics resulit yet!
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EWK aspects of B physics

Foremost: mixing (test flavor-tagglng, time-resolution)

LHCDb Preliminary
r \Vs=7TeV

:(' B,° oscillation in
B3 B, —= Du*v /7

N 7

Nt

02

e
N

I
|
Asymmetry in ta
o
-

o)
[
VT

Z 1

S =
VAYAVAVA
v A

Sl =

g
2 .

Am 053+008101231 RN

EErE S S S S S "
proper time (ps)

What'’s “left” in the post-factory era:
+ CP violation E
e B, oscillation phase ¢, -
e CKM angle y y
e CP asymmetries in charm sector e e
+ Rare Decays b
e FB asymmetry in B—=K*uy and B.,—oy, @pee
e Effective FCNC: B,—py, D—pp
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What is coming next
B.,—up: probe of new physics

~ SM : o SM ‘ ° . MsSsm

—b—‘——:‘—.—-\-'—b— W’gx-'vwvz\:z\/\m/

S N
b

SM: BR(B, — u*u)=(3.6 £ 0.3)x10° CDF: BR(B, — p+u-) < 3.6 x10°8

N\

~ tan®B/M.°

> T - 90 % CL GICLUSIGH ‘
S10° = * Data LHCDb
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1
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B, (from B.—J/yo)

Measurement reserved for hadron collider expts

CDF Run |l Preliminary L=5.2fb"

0.6 — 95% CL
‘ ‘ . . — 68% CL
b 04F —— SM prediction

—~ 0.2
S Lys O )
R o -
=Y ;
\ v J 02 @

s oo

Amg , AT, phase ¢, 04
-0.6]- |
I B S R S | P T I
-1 0 1
B decay - ) B. (rad)
s ' Noaoouvlv---lv---ls-v-.l-
e, Mxin - 3 LHCb
L N - 2 250 Preliminary Noignas = 877 = 31.59
SN (/)S o N B 3 \'s =7 TeV Data 0. =7.28 = 0.24 MeV/c?
- *5 200 o= 128=0.
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¢s = —2,68 ~ —004 w 150 34 pb_1
. 100
A s (t) — sing, )
0= Sa0 0 5400 5450
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Sensitivity to Bs:

o #of Bs>J/yo
seen in data: 50kevts/fb—1

candidates

Measuring f3,

The issue with J/p@: not a

CP eigenstate
+ So need angular analysis

+ Tresolution in data: (as a function of ct) to get
currently worse than o, = S,P,D decomposition
0.040 ps (assumed below); + A better mode: J/pf® with
nevertheless, adequate for fO—1r*m (CP even
Am_ ~17.7 ps. eigenstate)
c
§ 05 | CDF 5.2fb™ FPCP 2010 5 ¢ } J/W
% [ Bg{ S Ly S
i —>\\ < } (I) or fo
T Rz DB I0h, Jonn0) o
o\ and BRVis(B3—J/yo) o = -\ ’
0.2_— \ M 0 I‘(Bg_) J/wéa QJ)_)K_*_K )
o1 r —_— — ¢ LHCDb: 635%26 J/pe;
T o..~7MeV
O 0E 08 08 O earated Luminosity (f6)
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Observation of B.—J/yf%(980)
Announced yesterday © by LHCb

- mass in 30 MeV
window around B,

“FLHCb
BO — J/'u")_[i’*o ]_]_]_j:]__l ~ 35F \s = 7 TeV Data l
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Electroweak probes



First W event B

Reminder of things past
First time a hadron collider produced W & Z’s at CERN:

a EVENTS WITHOUT JETS b EVENTS WITH JETS

- e

~ ++/ | Perhaps what
S gl i the W’ and Z’ will
g Fol ) |l look like at the
g of 1 .{a“ | LHC? (after
28, | scaling E/p by
§0 | + factor 20?)

A

SR LA

e

Electron transverse energy

Electron transverse energy

& |

First Z event

L) -~
fZZZ_Z] c—u'u‘thresholc LAY

UA1 « UAZ

Invariant mass of |~

z g Dm fe*e")
= 2 .
b = g mipul
2 2
4 ]
: f
': ;_ .
‘o o
F@ SN !
60 80 100

|” pairs

Things have since evolved significantly...
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W/Z production at 7 TeV

electron(s) muon(s)
CMS CMS
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arXiv:1012.2466

W & Z Cross section

o(W*)/o(W~)=14

arXiv:1010.2130
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W, Z Cross Section vs Vs

Baseline measured. Next: need high stats

arXiv:1012.2466
CMS 2010 2.9 pb'1 @ \g = 7 Tev ~— 1 1 LB I 1 ] I 1 UL I I Ly 20
| I | | | | ] | | I | I | I | I | | I g — -1 W - g ATLAS CMS
[umi, uncertainty: + 1% - 0 CMS, 29 pb W — 034pb" 29pb”
oBW)  Hee 000, 0 | @ 10 @ CDFRunll V- [ N S I
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R 100260038, £0028 1 e ,.
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W Signal and P Spectrum

At low P;: test for s arXiv:1010.2130

% ATLAS —e— Data2010 (&= Te""@ E —+— Dzaz J1c\ 7T ATLAS
soft QCD as well (‘210‘ Ldt=315nb" %;ﬁ;e S J. 4 3
P Cw—= I Ldt=310nb
2 ol -ff::”“ 1 =1 mmo—-
as gluon resum- &' - g :
I 10°
mation

At high P;: the
interesting region
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- - Lw—e 1 @ 180 - 3
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— E % — E

Measurement —F 1 E =:
- ATLAS 100 ATLAS 3
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good) resolution P %
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arXiv:1012.5382

elp: p>20, |n|<2.4; jets: p>20, |n|<2.8

W + Jets: Multiplicity

e
W+ 1 jet

[ IW—ev
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WesetsP

= Tails in P+(W) enter in several searches — from SUSY to

]
exotica arXiv:1012.5382

10%) - v v vt ot 10%; v v r ooy

% ' C Woev jets % l L Wouwjets 3

O] 4@ Data 2010\s=7 TeV (0] @ Data 2010N's=7 TeV |
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B r B
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W + Jets Ratio

arXiv:1012.5382

LHC 2010: summary and prospects

Feb 1-3, 2011

- 0.5 " | | ) 0.5 W 'lt | |
- —ev + jet - - —uv +jets -
L | #-Data 2010.\/5=7 TeV det=1-3 pb’’ 2, 8 Data 2010N5=7 Tev det=1-3 pb”
s X Shops " X Shopa ATLAS
Z 04— éPythig ATLAS — Z 04 O PythiF::a —
Al MCFM Al MCFM
+ I | + i
2 2
2 o03- - 2 ooz
) 7 2
'Q*a | % //I/%/ 'Qs I
=z =z
Z" 001/ /g/ ) V4 Z oz ¥
+ / + e
© 0 1 © 0 1 | | |
' >1/>20 >2/>1 >3/>2 o 21/20 >2/>1 >3/>2 >4/>3
Inclusive Jet Multiplicity Ratio Inclusive Jet Multiplicity Ratio
Early study comparing to NLO QCD event generators
Clearly, x30 more data already available
Expect new results (W and Z) for Winter Confs
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Parenthesis: yesterday’s updat-

| | | | | [ ] | | | 3
ATLAS Preliminary —e— Data 2010 (\'s= 7 TeV)] Data 2010 Ns=7 TeV) ]

72} (2} |
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'y

percentage uncertainty (%)

W & Z production in the forward region

o: known to NNLO (1%). Largest uncertainty: pdf
+ From 1% at central rapidity to ~8-10% at y=5

Ratios: syst-free; probe pdfs:

+ W+/W- probes d,/u,; Asymmetry, A,, probes difference btw d, &
u,; Ryz: ~no dependence on pdfs

10°
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W& Z productlon in the forward region ()

-z view (Radius=2z)

3d view (xyz) '}LHCb preliminary

16.5pb
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W & Z production in the forward region (i)
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W & Z production in the forward region (lll)

Summary of measurements
+ Will affect the pdfs

LHCDb Preliminary using 16.5pb™ of data.
Theory: FEWZ at NLO for Z; MCFM at NLO for W.
Kinematic cuts: charged leptons p_>20 GeV, 2<n<4.5.
Uncertainty band combines NLO and MSTW2008 90% uncertainties.
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Summary (ll)

Numerous heavy-flavor production studies

+ Charmonia: fraction from B mesons consistent across
experiments, energies and rapidity (!)

+ Large prompt production (not only cc but bb as well): at LHC
as well. Crucial next step: measure polarization.

+ B-> J/y X cross sections in agreement with theory

+ Rapidity distributions [CMS]: some disagreement with theory;
better at NLO

W & Z physics:
+ Clear signals in electron and muon channels

+ Early studies of production mechanism (P(W)) and

accompanying jet multiplicity, spectra etc. Good description by
QCD (but statistical errors quite large)

+ Nice W/Z signal also in forward region (LHCb). Can probe pdfs
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