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CERN and the LHC
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The four LHC Detectors

Side View

Ecar HCAL

SPDIPS

Muon Detectors Electromagnetic Calorimeters

ATLAS

Detector characteristics
Width:  44m

5 | Diameter: 22m
Weight: 7000t

Solenoid | CERN AC - ATLAS V19
Forward Calorimeters

4 End Cap Toroid

LHC - B
. Point 8

Hadronic Calorimeters

CRYSTAL ECAL_ |
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/ ( TRACKING "
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(MUON"
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/

{ TRIGGER "
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p
(

Z0C )
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Total Weight : 14,500 t. 7 —
Overall diameter: 14.60 m j ..
Overall jongth - 21.60 m

Magnetic field : 4 Tesla
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Rapidity Range
1 o, B

nm 8 6 4 -2 0 2 4 6 8

LHCDb ATLAS
(.
- m-m I
ALICE
. ECAL, HCAL, counters lumi, , hadron PID
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delivered integrated luminosity (nb™')

160
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40
20

N

Mar 2010

) —

Luminosity

LHC 2010 RUN (3.5 TeV/beam)

May 2010
day of year 2010

* ALICE: low pile—up since 01.07.2010

July 2010

= LHC running well, all
experiments have an
efficiency =90%

= Already more than 3
pb-! on tape

= These analyses :
L = 9-100 nb!

Goals :
v 1 pb-! (August 2010)
= 100 pb-! (end of 2010)
= 1 fb! (end of 2011)




Motivations

= The production mechanism in pp
collisions still unclear

= Several models around :

= Color singlet and color octet
mechanisms (NRQCD) describe the
p; spectrum and cross section of
the J/y as measured by Tevatron,
but not the polarization (and has
other failures)

= Other models such as color
evaporation model, kt
factorization, soft color interaction
model cannot describe the data
either

= New data from LHC experiments
will help to resolve this issue

100
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a—y

(=)
-

0.01

0.001

0.0001

1e-05

1e-06

ty s “=1.96 TeV

uncertainties:
Ho/2 <py <2 1o

for 2(155 contributions:
m.-<s; <4 m,

 JAp production at Tevatron
12

+ CDF data

4
branching ratio: 5.88 %
no=(4m 2P ]

LDME: 1.16 GeV>
lyl<0.6 .

.

J

5 10 25 30

1I5 20
P (GeV)

J/ cross section crucial milestone in understanding detector

and first step to B cross section measurement
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J/y Production
J
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J/y Production at pp

Production
type
cc =>J/Yp+X Prompt,direct

pp —>cc.bb+X cc =y, x,+X x. —J/p+y  Promptindirect
bl; —-B+ X B %J/qj + X Delayed,indirect

10" Prompt J/y at LHC LHCb MC samples (unpolarised J/y)
€ o3 LO color singlet+color octet = 10° ——— 71—
_ - c .
o 52 Js=10 TeV o :ﬂ —.—— Pythia 6.4
< ¢ § oL — Vs=7 TeV
m 10 v = e 10<6<400 mrad
5 e ——_ o —
S =2 ~ . —_—— —i—
o - S 8 ¢ —— —a—
~10 @ O 102 —o— —n—
= >
O, -2 o —e— —.—
© 19 —— —8
10> 5 m prompt J/y _9__5_
S 10 L S
PSRl FEVEY P PPN TS PPN YD POV PP PO PP B ® J/y from B I —e
O 5 10 15 20 25 30 35 40 45 50N |
° pr (GeV) A . . . . | . . . . :
BR(I/ ¥ —uu)=6% 1 5 T
P, (GeV/c)
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J/{ Acceptance
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15/-Total Acceptance~20%
" ATLAS Acceptance 85%

10

Total Acceptance=2-8%
ATLAS Acceptance 80%

ATLAS Preliminary

1.5 2 2.5
(Absolute) J/y rapidity

I R B
0.5 1
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pp \s=7 TeV - First alignment
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3 3
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With high purity muons:

Most recent plots
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o 200 i
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2 150:—
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Inclusive cross section measurements

— L L

3 pp — JIy+X,\s=7 TeV [ —— CEM
SO A LI CE s 107 f CASCADE
) C ry i —— PYTHIA
S/F [ =+ CMSdata

= [ ]MC, CDF extrapolation
B %:4 # Data

T

do/dp_ x BR (nb/GeV/c)
=

107~ ! s
s 107F

- - \s=7TeV

_{ [ L =100 nb"
10%F CMS Preliminary

I 0 5101529/2530

pT“’ (GeV/c)

P, ATLAS
= L L L B B
T T " T T © 10*E  -%-(Pythia+NRQCD)x0.1 a 1.50<ly| <225 -
; LHC_b . Q = Spin-alignment uncertainty u 0-75S|VJ/W<1-50 =
o " A Preliminary 2 C e 0.00<ly|, <075 7
o 10 A— —_—A g 3
= Ns=7TeV 3 — 100 E
-g ———0— L=14.2 nb™ ] = = ¥ 3
—_ —— == . = - L 1
~ 0B e 2.5<y<4 T 0 L S .
a——— = - el —
S5 TET T O S
Tl® - —e— . a C *t T ]
S . ==_,_— > qok L .
10°E" & LHcb data —e=3 = L 8} x10 3
———— 3] Q. C N ]
A LHCDb simulation (PYTHIA 6.3 Color Singlet) —*——A—: Q L ‘\*\ _
©® LHCb simulation (+ PYTHIA 6.4 Color Octet) - Nb 1 = —
A © = ATLAS Preliminary E
0 2 4 6 8 10 E L, =95nb §} 1
TR R RS TI U S M R R
p, [GeV/c] 0 2 4 6 8 10 12 1
Jhy P, [GeV]
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dN/dpT (a.u.)
2
I

107~

[nb/(GeV/c)]

do (JNyp)
de

Cross section measurements

[nb / GeV/c]

T

BR(J/y — uu) x do / dydp
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Events/0.2 ps

J/ proper time/decay lenght

from J/¢ from B
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] E ]
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15 -1 05 0 05 1 15 2 25
1y, (mm)
S B e e e e e L e e s e e e N B
E 4<p <6 GeV ® 7 TeVdata =
- 3 Combined fit 3
i SR (N LTEL Signal component -
i X, SR Background component :
) ATLAS Preliminary
3 L,=175nb" =
: P ]
- % —
- .
E ‘\‘u
Loy v ey 0o by g PO TN P L
-4 -2 0 2 4 6 8 10
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Non prompt J/

1/ « CMS 100nb?' 1.4<lyl<24

057 w cms 100 nb" lyl<1.4
7 * LHCb 14.2nb" 25<y<4.0

04 * ATLAS 17.5nb" lyl<2.25 {
1 LHC \s=7TeV {

0.3 Preliminary

fraction of J/1yp from B-hadrons

- ¢
; I
0.2- AN
: o
il ¢t

ges @
0.1 E};f;‘ﬁ e CDF \s =1.96 TeV lyl < 0.6
PRD 71 (2005) 032001

) s e L S B B L
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Influence of J/vy Polarisation

= Detector acceptance as a function of helicity angle cos6

Example: , MC with no polarisation:LHCb

helici’ry frame |/ M+ [ane]

/ im ?’""‘""‘-.‘f““"‘"f‘»""‘fv-"'*,"c"'" o M b Y e i —ir*wa“"‘,‘w‘*"n’.\"”'.;"‘ e ‘-":'"«-“—.‘..V,V.,N,'&
ot gm: .
‘m;— “Hoooa |-
*E LHecomc Full -+ Both mu>10mrad
W00 -
E SN p—
J/y rest frame k- :
aF: wnf
2000 T o T T T S S R
with both ;i < 400mrad cos6 “Yaywith both 4 in LHCD acceptance | Cose
iml gt T oo o n e
o SR Ty - I
i”‘”:‘ - &, £ o™ o
= PP . - -
& r d - H .
e § : ! 4 ,
wnf & "_
— II 000 — - 00 -, *
.
U - Both mu In LHCh
| Both mu <300 mrad DO uin
s g gttty ity 250,

— . _ cosb cost
= acceptance generates an artificial polarisation

- large influence of polarisation on measurement

= First step: Treat polarisation as systematic error; present results in three
different polarisation scenarios

4.10.2010 Giulia Manca 17



Different polarisation scenarios

4 < 10°3 - 3
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0 2 4 6 8 10 12 14 16
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— N Ll Ll Ll l Ll Ll L L L l L L L i - T T T I T T T I T T T I T T T I T T T T T T T T T T
§ B i % 1o4§— -4 - (Pythia+NRQCD)x0.1 a 1.50<ly| <2.25
% L — LHCb h % F Spin-alignment uncertainty L] 0-755|YJ,W<1-50
o] H= T, Preliminary S .f o 0.00<ly],, <075
S 10 ?!— == \s=7TeV 3 T 10
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T i— Up to 20% ] Tl L
—_ L =fi— Up to (1] : 21 \\\ \"\., —
8. | a T T
S == 5 ™ |
5|° 102 . o 5 > 10k o, .
O E E*E E o E : ’} x10 E
L e oa=-1 E*E . % B T i
i A o=+ i 6 15 amasPeiminay 000000 . E
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;
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Integrated cross section
measurements

Experiment LHCb (in ub) CMS (in nb) ATLAS (in nb)
Range pT<10 GeV, 2.5<y<4 4<pT<30 GeV, |y|<2.4 <y>~1.85
Luminosity 14.2 nb! 100 nb! 100 nb™!
Inclusive J/y 7.65+0.19+1.10*0% .  289.1+16.7+60.1 250%130 o
J/y from B 0.81+0.06+0.13 56.1+55+7.2

Total bb* 319+24+59

* Extrapolating to the LHCb acceptance using Pythia 6.4

4.10.2010 Giulia Manca 19



Conclusions and Outlook

= LHC is in great shape and all experiments are taking
data with high efficiency

= All the analysis tools are in place and start to
deliver physics results

= J/W events clearly reconstructed

* Crucial standard candle for detector understanding
as well as cross check of luminosity

= Cross section measurements probe of non-relativistic
QCD theories

* Results in four experiments compatible. Publications
expected by the end of the year (with 2-5 pb!).

= Polarisation measurement next.






Inclusive cross section measurements

e Extrapolations with PYTHIA 6.4 (LEP hadronization fractions assumed)
1. % production cross section for b or b in LHCb acceptance

a(pp = HX.2 <n(Hp) <6)
- =

84.5

H

6.3+ 15.6ub

2. Total bb production cross section
a(pp — bbX) = 319 + 24 + 59 ub
An independent o( bb) measurement by LHCb with results in excellent

agreement. Averaging:

a(pp — HpyX, 2 <n(H,) <6) =774+4.0+114ub

2 LEP b hadronization fractions
o(pp — bbX) =292 + 15 +43 ub.

o(pp — H,X, 2 <n(H,) <6)
D = 88.314.5+£13.0 ub TeVatron b hadronization fractions

o(pp — bbX) = 333+17+49 ub.




J/y—ee mass distribution
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J/y proper time/decay lenght

Data Observe

= t, used to separate J/v prompt : f
from J/¢ from B U
1_ /|||||||, \ _

LI I LI | I LI I LI | I LI I LI | LI | LI | LI | LI _1 .5 _1 _0.5 0 0.5 1 1.5 2 2.5
5
o 10 :E LHCb 4: Ly, (mm)
Q - Preliminary -
N 10* T T T T
o E Vs =7TeV Data 3 102 = 4<p_<6 GeV o 7TeVdata -
~ = L=260nb"" = E Combined fit 3
[/} - ] S A T e Signal component -
'E 103 E = : ---------- Background component :
g o - ATLAS Preliminary
w B 7 10 L, =17.5nb" E
10° & = E =
10 I |
1 —
40 10 A0 [ ]
t s - L L T L . ." N L
(PS) 4 2 0 2 4 6 8 10

pseudoproper time [ps]
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The LHCb detector

acceptance : S_ys’rem

10<6<300 mrad — ,
— Lo - — = -i vl

e Performance numbers relevant to quarkonium analyses:

Charged tracks Ap/p = 0.35 % - 0.55%, o(m)=10-25 MeV/c? possibility fo
reverse field

polarity to

Angular 7] 2 S Muon RICH + Vertex

Detectors Locator

P

Point

20 m 10 m 0

Calorimeters Tracking System

ECAL o(E)/E= 10% (E/GeV)2 ® 1 %
Muon ID: g(u—u) = 97%, mis-ID rate (n—u) = 1-3 % check for
Vertexing: proper time resolution 30-50 fs detector
Trigger: dominantly software asymmetries

4.10.2010 Giulia Manca 25



LHCb Trigger

HIt1 software Hit2
software
Level 0 hardware IMH=z confirm LO candidates JOKHz 2KHz
40MHz | Identify highest Py :  |sm—mts with more info —— Global event Lo storage
h, e, y, =° and u (tracking,Velo) add reconstruptlon+
candidates impact parameter and selection
lifetime cuts

> 1-1: L A A L B > 12— ———T7—
c - 2 E =
2 1 o 1.1 -
2 C 3] C -
T osf th T T £ aF S —
T T 5 0% M_—'—
3 T o8f =
- 0.7 o C 3
: - 07F -

0.6F : E

. LHC.b . —@— DATA:84.7:20% 0.6 LHCb . e Data -

o5f Preliminary . Preliminary E

) [ \s=7TeV —— MC:86.7+0.1% 0-5:_ Vs =7TeV —MC r

0.4- 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.4" M " 1 M 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3

0 2 4 0 2 4 6 10

8 10 8
p_(J/y) (GeVic) max | pt(GeVic)
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Muon Reconstruction Efficiency

Muon

Tracking = E|5 - u 1-09 J/ Y used to

J/

~1

efficiency (%

system
measure the

-a-’d-,;: it Muon

Y—u reconstruction
efficiency
— probe
0 [ LHCb o= 15.25 = 0.45 MeV/c

05 2000 — Preliminary Ny = 1840 = 19

;;acta S | \s=7TeVData N, = 2648 = 68
wof Og00 - m, = 3089.40 = 0.45 MeV/c*

f % 03 e} — B tk, = -0.0011656 + 0.000079
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Muon mis-identification

3006' LI LI R R | | 1 i
5 gosf LG 200 DataK,| ]
‘o V:09F  preliminary “MCK, |3
= - ]
W 0.04F k
= OQ -

C Y m—} ]
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L %, decays in flight -

[ Y i
0.02|-* ¢ -

[ ¥ ]

0.01F Yy .

: & I ]

B LA T v
0',....|....|....l.‘..'.li..g..'

0 10000 20000 30000 40000 500!

Momentum (MeV/c)

(>J..0-03_ TTrrrr[rrrr oo ]
c - LHCb 2010 ° DataA |4
20.025F - ]
oY — _preliminary e MC A ]
£ | |
0.02:— P -
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0.015 ¢  combinatorics -
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0.01F -
0.005F | 1f, | F
3 N S0 TP S B -
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This plots shows the probability to misidentify a pion from Ks and
a proton from Lambda as a muon as a function of momentum.
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Primary Vertex resolution

IPy Resolution Vs 1/p_ IP, Resolution Vs 1/p_
0.095 VELO Closed LHCb VELO Preliminary 0.09 EVELO Closed LHCb VELO Preliminary
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- —+— Simulation - —+— Simulation
0.07— 0.07F
°-°6§_ 0.06 -
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