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INDIRECT SEARCHES

» Sensitive to New Physics effects
+« When was the Z discovered?

« 1973 from Nv — Nv?
» 1983 at SpS collider?

» c quark postulated by GIM, third family by

Kobayashi & Maskawa
1983
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INDIRECT SEARCHES

» Sensitive to New Physics effects
+ When was the Z discovered?

« 1973 from Nv — Nv?
» 1983 at SpS collider?

» ¢ quark postulated by GIM, third family by
Kobayashi & Maskawa

¢/ Estimate masses

« t quark from BB mixing
¢ Much larger mass coverage than /s

v’ Get phases of couplings

« Half of new parameters
« Needed for a full understanding

# Look in lepton and flavour sectors
=» CP asymmetry in the Universe
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INDIRECT SEARCHES

The b an ¢ quarks are the best labora-
tory for this programme
Hot channels for the near future:
37
Bs — pp: ls there susy? B o ta,:4"’).
A

Bs — J/v¢: Beyond-SM CPV?
By — ppK*: Right-handed currents?

v (¢3): Is the CKM matrix sufficient?
Yep: Beyond-SM CPV in charm?

I'll present new results in these areas!
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FLAvOUR AT THE LHC

o It was the reign of the B factories

v/ Clean events B
¢ More than 10° BB pairs

@ ...and of the Tevatron

=

1998/1 2000/1 2002/1 2004/1 2006/1 2008/1 2010/1 2012/1
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FLAVOUR AT THE LHC

LHC 2011 RUN (3.5 TeV/beam)

o It was the reign of the B factories B e
a CMS A @
v/ Clean events T PEHE‘H%EN gﬁ”

¢ More than 10° BB pairs

o ...and of the Tevatron pw f"
@ Now are the times of the LHC
o Luminosity constantly growing é M W&
@ Opp ™~ 300 ,LLb -> > 1012 bb pairs 0 arch Rori - May - June.Jly - August
produced so far Soniay
X But events are busy

Peak luminosity (10°2 cm
.
5

o Can we get them clean?

ch
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FLAvOUR AT THE LHC

CMS Preliminary
\s=7 TeV, L=40pb’

Bs — J/vé

no ct cut

o It was the reign of the B factories @
v/ Clean events
¢ More than 10° BB pairs a0
@ ...and of the Tevatron ‘
@ Now are the times of the LHC

o Luminosity constantly growing | e
o o5 ~ 300 ub =» > 102 bb pairs
produced so far

+

L T
55 555 56 5.
J/y¢ invariant mass (GeV/c?

X But events are busy LHCb
Preliminary
o Can we get them clean? 300 \o=TTev Data
B — 7w

Events / ( 0.0:
»
]
2

v’ You bet we can!

Like flavour? Come to the LHC! ‘::
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NoMINAL LHC ENVIRONMENT

e pp collider at 7 TeV (will be 14)
o Inelastic cross-section about 60 mb
o bb cross-section about 300 ub (one every 200)
@ Bunch crossings at 20 MHz (will be 40)
o Luminosity up to 2- 1033 cm™2s~! (will get to 1034)
= 10° bb pairs per second
o Direction of b and b very correlated

=» A 47 coverage not optimal
=» Build a forward spectrometer

& The choice of the LHCb
collaboration

=* ~75ub in LHCb and
Atlas/CMS acceptances
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LHCb DETECTOR

Forward detector (b-hadrons produced forward at LHC)

o Warm dipole magnet. Polarity can be reversed.

v/ Good momentum and position
resolution

o Vertex detector gets 8mm to
the beam

LHC D
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LHCb DETECTOR & PERFORMANCE

Forward detector (b-hadrons produced forward at LHC)

o Warm dipole magnet. Polarity can be reversed.

v/ Good momentum and position
resolution

v’ Excellent Particle ID

LHCb data RICH1  LHCbdata
(preliminary) (preliminary)

Kaon ring

12 0 7
LHCb [T 4
12 Preliminary E g 12 Monte Carlo E| L@T
E, 3=7TevData JE [ vemtrev 3
I e
M - g
3 dgd  osE E
t Data i MC E
y oaf- E
E E RS et ;
" oty —— > L~
R R W
Momentum GeVic Momentum GeVic
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LHCb TRIGGER

Forward detector (b-hadrons produced forward at LHC)

e Warm dipole magnet. Polarity can be reversed.

v/ Good momentum and position
resolution

v/ Excellent Particle ID

v’ Versatile two stage trigger

o Hardware-based LO trigger:

moderate pr cuts =» T

800 kHz

e Whole data sent to
trigger farm

e 3 kHz output rate
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ATLAS AND CMS

[ WOONGHANGERS ) (e TRCRER GRYSTAL ECAL

Y FOTWATD
ORMETER

Total Weight : 14,500 1. —
Overall diameter: 1460 m / N
Overall longth - 2160 m | SUPERCONDLGTING COL | =
Magnotic fiold : 4 Tosla AETURN YOKE

» General purpose detectors with a b
physics programme
« High trigger efficiency on muon channels

« But with high pr cut
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[Lumi Plots]

LuMINOSITY IN 2011

LHC 2011 RUN (3.5 TeV/beam)

25 ; LHC 2011 RUN (3.5 TeV/beam)
e AILAS a @ 10! T = — T
4 cus s g0 Used in this talk
. & LHCb ae
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Instantaneous Luminosity Updated: 12:01:44 .g —o— LHCb 0.763 fb~
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o Atlas & CMS fall off s 107F —a— ALICE 3.702 pb™
exponentially. PRELIMINARY
& 60 1 1 L I I
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2y Month in 2011

. (generated 2011-08-30 01:15 including fill 2040)
004 LHCb levelled continually.

Luminosity / 1e30 cm-2s-1

900-95% was recorded as quality data.

0200 0400  06:00 0800  10:00 1200
— ATLAS — AUCE — CMS — LHCb
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CROSS-SECTIONS
T

#» LHCb is the forward
detector at the LHC Detector acceptance

v Unique rapidity
coverage

. KSO cross section
e A/A and p/p
v Open charm
.

v B

e Z, W ...

5 6
Rapidity

This is the tracking acceptance.
For composites LHCb gets even higher.
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J/1) CROSS SECTION

Prompt J /1) cross-section has been = S L CMS/Q
- [ el Vs=7TeV L=36.7
measured by LHCb [Eur. Phys. J. C 71 (2011) 2 10° E Q«}« —o— 000 <Iy1 <090 (&5,
o E & & —&— 0. 90: Iyl : 120 4:125) 3
1645.] CMS (BPH10014] Atlas [Nucl.Phys. B850 - R T DERIIRO
. 510 E Q‘)@ = - —+— 210<|y|<240(x1) 3
(2011) 387-444] Alice [arXiv:1105.0380] 2 £ %2? «}@ o NRQCD 1
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S 10¢ o *:F —o— E
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g L g .
e e
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E E —e— LHCb, J/y from b (2.0 <y <4.5) % ; CMS Preliminary ,_%_g
E 102 & Lumi. and polariz. =
— E uncertainties not shown 3
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gls 5 67890 20 30 4050
° P, (GeVic)

Measurements getting more precise
than theory — modulo polarisation
P, 1GeVicl  to be measured.
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http://arxiv.org/abs/1103.0423
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J/1) CROSS SECTION

(2011) 387-444] Alice [arXiv:1105.0380]

51+1.0+1.1nb !

+_

T
LHCh
Vi=T71%

Model: [hep-ph/0603175]

Prompt J /1) cross-section has been
measured by LHCb [eur. Phys. 1. c 71 (2011)
1645] CMS (BpH10014] Atlas [Nucl.Phys. Bss0

LHCb also measures the double
J/?,Z) cross section: [LHCb-CONF-2011-009]
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OPEN CHARM CROSS SECTION \?F.) % ©

‘Am peak’in D*—D (K1) g r 8 et .
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i:: e £ ALICE Preliminary |
& S(30) = 2832 23 [ 7
:: e NLO QCD works over
°F ALICE 10 three orders of magnitude ! 5
T Lol Lol el 3
10 10? 10° 10*
L R - \s (GeV)
<1800 . .
§ o000 Lo Charm cross section measurements from Alice,
¢ G inary
o \8=7TeV Data
& oo Atlas (atLas-conr-2011-0171 and LHCb [LHeb-conF-2011-013)
+ 8000
8 6000)
2 . .
40008 pinDaF 0.3 The open charm cross section at 7 TeV is ~
2.006 2.008 2.01 2.012 2.014 2.016 2.018

micrmikomon. e 0.5 mb =¥ good prospects for flavour physics
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-017/

CHARM MIXING

D172 =p ‘D0> el q ‘50>

g e
= CHARM 2010
>
_ my — my y _ r2 _ rl 15 CPV allowed I
2 2r
.« . 1
The mixing parameters are small
(0(1%))
e HFAG average more than 50 .
away from zero [Hrag) Wi
. -0. 26
o No single measurement : &
excludes 0 B T L
=» Measure X (%)

F(DO—KTK™) , Am
— = — — + Ay
yYcp = F(DOSK-—n7) y cos ¢ — xsin ¢ > prod

.
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http://www.slac.stanford.edu/xorg/hfag/charm/CHARM10/results_mix+cpv.html

o Lifetime acceptance obtained on an
event-by-event basis in data by varying
the lifetime an re-running the trigger

Measure

F(DO—KTK™)
YOP = = ———
M(D0—K—xt)
Preliminary result on 2010 data:
[LHCB-CONF-2011-054]

ycp

Entries

(—0.55 4 0.63 + 0.41) %

e Use D* — DOr: Separate prompt and§ [ IF.,H<I:bI
. . € [ Preliminary
non-prompt using impact parameter “ [ L=28pb"

o
T

5 10
In(xz(IPD))

T
LHCb
Preliminary
L=28 pb™

e data
— fit
— prompt
— secondary J

L

3 4 5
Proper Time [ps]
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http://cdsweb.cern.ch/record/1374909?ln=en

ycp AND Ar

e Use D* — DOr: Separate prompt and
non-prompt using impact parameter

o Lifetime acceptance obtained on an
event-by-event basis in data by varying
the lifetime an re-running the trigger

A good way to look for CP violation in
charm mixing is to search for a non-zero
asymmetry in
p (D’ K+K=) — (DO K+K™)
r= -—— -
(D’ K+K=) + r(DO—K+K-)
Preliminary result on 2010 data:

[LHCB-CONF-2011-054] [LHCB-CONF-2011-046]

ycp = (—0.55+0.63+0.41)%
Ar = (-0.59+0.59+0.21) %

@
2
=4

Ent

1

oL L=28pb

o
T T

1

-10

ELHCD |
r Prelimin'ﬂry

5 10
In(xz(IPD))

T
LHCb
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L=28 pb™

e data
— fit -3
— prompt
— secondary J

L

3 4 5
Proper Time [ps]
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DIRECT CP VIOLATION

Perform model independent binned ¢ :f
CP violation search in Cabibbo- 3% Prelin%i':;l;
suppressed DT — KTK~7 decays ::: 10
@ 370000 events (Babar has 43k) 0;: 0
© Normalise D™ and D~ to EEE
remove production asymmetries S N R S
@ Try several binnings (uniform g T LHCh ’
or resonance-motivated) 2 Preliminary
@ Look for fake CP violation in =
control modes and sidebands t o
=» No evidence of CP violation. Pa- '5;- i
per in preparation. £ = :
b L T

- 1 1
0.4 0.6 0.8 1 1.2 14 1.6 K
mZ.. (GeV/c?)

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [17/58]




LHCB AND CHARM

'% E') HFAG-charm

20.015

0.01
0.005
0
-0.005
-0.01 Z
: RR
-0.015— R
_00 \\II‘II\\‘\\\% L T A RO
'-8.02 -0.015-0.01-0.005 0 0.005 0.01 0.015 0.02
ind
That’s what LHCb could do with 37 pb™?. acp
Now we have 700 pb~*.
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I AA, LHCD Prelim.]
AA, BaBar

[ /] AA,, Belle

5 AA.p CDF

E—J A, LHGb Prelim.

A_ BaBar

/A A Belle
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b PRODUCTION

FULLY RECONSTRUCTED
B — J/YX

LHCb [CONF-2011-033]

CMS: [Phys.Rev.Lett.106:112001,2011]
[Phys. Rev. Lett. 106, 252001 (2011)]
[arXiv:1106.4048]

(PP—B, Iy 4; yl<2A)nbl(GeV/c)]

alp,

3

DETACHED J/v 5
CMS: [Eur.Phys.J. C71 (2011) 1575], 8
Atlas: [Nucl.Phys. B850 (2011) 387-444] r
LHCb: [Eur. Phys. J. C 71 (2011) 1645] :c;

3
off = (2884 4+48)ub

DILEPTON TAGS N
CMS: [CMS-PAS-BPH-10-015] ]

Dy TAGS i
LHCb: [Physics Letters B 698 (2011) 14] 5
2 6 100

o "< = (15E5x13)ub :

obf = (284+20+49) b vk

3

i‘ LHCb
] Preliminary
\E=7TovData

Non-prompt cross:secton

3
3
~-LHCb 2y<a5) § & 1of + ATLAS y, <075
2 . Spin-aignment envelope
~ FONLL (2<y<4.5) s 1 M FONLL B> JiyX
o
210"
£ 102
$
o
S0 amas '\
T et
D10 flazzp
L 240° .
Z10

5

T T T — CM:
E CMS \/5 =7 TeV “' 5
L=58pb"
= BF (35%) and Lumi (11%) uncertaintios.

PYTHA (ML 1, 06T, CTEQRL Y

CMS Preliminary

\ =4T5GeY)

[ —

10 15

3
T

o

——— PYIA L 1, CTEGRY, 22 )

EOO CTEOR, m,x 475009
S r—y

CMS Preliminary
\8=7 TeV, L=40pb"

BF (30%) and Lumi (4%) uncertainties
\ 1 I

not shown
. \ , n

015 20 25 30 3 40 _ a8
B,p,[GeVic]

—
W NS,
Bp, [GeV] \

Ly = 28 pb™!

" dy[em]
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b FRAGMENTATION f/f,

—1
Fraction of b— B, X is an essential ingredient for B 5 35pb
— pp and other rare decays H e
%400 B oDt
o LHCb has measured it in 2 ways . =

W Combinatorial

o Ratio of B — DsuX to B — DX modes

[LHCb-CONF-2011-028] Soo a0 w0 w0 00
o Ratio of By — DK and Bs — Dsm modes S .
“D K* = +
[Accepted by PRL] E | P
. . % m B Dt
=» Combination [tHch-conF2011-034) g 0o
fS +0.021 A 1 X Combinatorial
ra = 0.267 T 5020 o bt
d LH Cb Mass (MeV/c?)

Np, . =670+34

@ Similar to LEP and Tevatron result

f
(—5) = 0.271 4+ 0.027 "
fe d / LEP, Tevatron ol

Although there's no reason they should be the same &t

Events / (8 MeV/c?)
g

B AA T

=W Combinatorial

5600 5800
Mass (MeVi/c?)
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http://cdsweb.cern.ch/record/1356181?ln=en
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b-BARYONS

Events / (0.025 GeV/c?)

Candidates / 15 MeV

Events /(15 MeV/c¢)

sof oy A
CMS preliminary
\s=7TeV ,[L‘“ 194pb”
wof
wf-
»f
10
B -l—lr I

THETY

5. 55

56

T T
140 ATLAS Preliminary

120F 15=7TeV

S, =1404007

L=12n’ o -372:20Mev
100f~ ©>035ps N,, =579+ 31
* oata s
80~ — Fitted model Mo 69933
- Signal LN, =091
60 - Background E
40|
20| o
O0=5360 5500 5600 5700 5800 5900
x (MeV)

My

b baryons are also seen by all experiment

o Atlas, CMS, LHCb see A, — J/¢A

[ATLAS-CONF-2011-124] [CMS-DP-2011-007]

[LHCb-CONF-2011-001]

o LHCb: 73, = 1.353 £0.108 £ 0.035

o LHCb sees A, — Acmr, A, — DOprmr, Ay
— D%pK (can be used to measure ) and
a hint of =, — DopK [LHCb-CONF-2011-036]

T 300, T
o
80 Preliminary = Jsol Erofimi nary
ol s =7 TeV Data 2 8 =7ToV Data
ool Jrat=s33.a po 2 200) [rat=s33.8 50" E|
o0 = N,y = 753.9 £ 37.0
£ 150 M = 5613.4 + 0.7 MeV/c® |
40| 5 X/ndt = 38.4/52
30| @ 100)

20 N(AG D%

M = 5616 + 2 2 Movic
N

10 0% K)=2702100 ZEme
MED = 5795 S5 Mevict  s/m = \ 3
00 5600 5800 6000 5300 5600 5800

M(D°p*K’) (MeV/c?)

6000
M(D%p*7") (MeV/c?)

5600
M(AZT) (MeV/c?)

5700 58
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2011-124/
http://cdsweb.cern.ch/record/1357579/files/DP2011_007.pdf
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THE ORPHAN B,

Bc has not been mentioned so far 3
e et LHCD preliminary
o LHCb observes B, — J/gmmm § | JVmmm || 2reee
2 20 pb
[LHCb-CONF-2011-040] 5 )
5 First
B(B.—J /) H observation!
=30+£06+04 2
B(B.—J/¢ymmm) 10
R 5
e Background subtracted mass i poimnary |, || [0 )
L. . - 303pb 200 6400 6600 6800
distributions show a p(770), . M) Mo
a1(1260) but no (2S) RS
a,"(1260) §.0 %* ~noB—W¥(2S)
1 Bl
M(z'nn') MeV M(z*n') MeV MMNrt) — M(J/WY) MeV
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EXCITED B STATES

o Take exclusive By — J/¢YK*, D,
D3rn, BT — J/vK, D, D3 and
combine with a K ora =

e BT7n~ and BT K~ modes have already
been seen by CDF & DO.

5800 (-

Events / (3.3 MeV/c?)

Fwe=2314 2003
=331 Mevic?

Events / (3.3 MeV/c?)

% L CDF Thesis
. © Pursley 2007
2 =
% x Threshold
z 5400
d £
: B —— S-wave
] 1(1/2). P-
g 53007 g e
w ] e . 0(112)

M(B"K) M(B*) - M(K) [Mewcz] L=0,P=1 L=1P=+
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DIRECT CPV IN CHARMLESS B DECAYSGERINEL

)

LHCb
Preliminary
\5=7TeV Data

wee  Most precise single
Prelimina
measurement!

Ns=7TeV Da

8
8

(0.02 Gevic?

% 8

8 8

T

Events §(0.02 GeVic? )
% 8

? 8

—

Events / (0.

1500

ok HFAG: —0.098 + 0.013

1000

=> “"Kr puzzle”

500

h R L S
51 52 53 54 55 56 57 58 51 52 53
K*r invariant mass (GeV/c?)

R L
54 55 56 57 ?.8
K'n* invariant mass (GeV/c®)

By — K*7~: Acp = —0.088 & 0.011 + 0.008 (I vial i

Production asymmetry: (1.0 £ 1.3)%, Interaction asymmetry (—1.0 & 0.2)% IS that
Lyaof LHCh e LHCh simple!
S 160 Preliminary 2 160F Preliminary
S \s=7TeV Data S, F \s=7TeV Data
\:140 :140;
£120 21205
i 100 @1 . 0
o First evidence of

CPV in B!

HFAG: 0.39 £ 0.017

51 52 53

54 55 56 57 58 54 55 56 .
K+ invariant mass (GeV/c) K*% invariant mass (Gevic )

Bs - K n: Acp = 0.27 +0.08 £ 0.02 [LHCB-CONF-2011-042]
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http://cdsweb.cern.ch/record/1373708?ln=en

CKM-ANGLE 7

@ B — hh measures -y via loop-induced transitions,

@ While B — Dh and Bs — Dsh measure the “SM" value in
tree-dominated decays

o Similar to By — J/¢K2 vs By — ¢K2 for sin23
@ Need more data for this programme. Now just observe and

measure branching ratios: [LHCb-CONF-2011-057]
B(Bs—DsK) = (1.97 £0.18 * 013 T 0:15(£/f4)) - 107

—0.18 —0.10
" -- B DK ¥
s WD K™ =
Aol @E-Dp X
S Moo WDk 3 [
¥ S WE-D'x H W50 x
5] WA Q W07
Ly W0 W50l
Os-pk* Os- bk
Br-pk s 'k
g O#-bx Os- iz
W&ok Ws- Dk
O Combinasoriat O combinatarial

S0 5200 5300 S0 S50 Sem ST $800 5100
Mass (MeV/c®)

200 00 SaD S5 5600

390
Mass (MeV/c™)
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http://cdsweb.cern.ch/record/1377882?ln=en

b — s TRANSITIONS

e —
b — s transitions are loop-induced and thus
suppressed in the SM. New Physics diagrams
could compete.

® b sy

® B, — uu

® b— Us

® CP violation in Bs mixing
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Events /(80)

Events /(80)

p T T
[ LHCb Preliminary Ny, = 1796 = 69

E \s=7Tev JL=340.1 pb’!

@
o
=3

»

o

=3
T

4500 5000 5500 6000
M(Kxy) (MeV/c?)
80F T T T
F LHCDb Preliminary Ny, = 241226
70 E \s=7Tev [L=340.1 pb: B, = 5365 MeVic?
60 o, = 152215 MeV/e? 3

5500 6000
M(K*K'y) (MeV/c?)

3 Ratio of B — K*y and Bs — ¢y

Wy, = 52785 Mev/c? ]
oy = 15326 MeVic? ]

X Photons =» Broader signal peak
than typical B decay

X More work on backgrounds (B —
Krr0 ...)

B(B—K*7)
B(Bs— )

152+ 0.15

+ 0.10+£0.12(f/fy

o Expect 1.0 £ 0.2 from SM =» 20
v Largest B — ¢y signal!

[LHCb-CONF-2011-055]

=» On the way to measuring CP
asymmetries
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e Start with b — s+, pay a factor agnm
=» Decay the y into 2 leptons
o Add an interfering box diagram
=» b — s, very rare in the SM
B(B—fK*) = (3.3+1.0)-10°°
@ Sensitive to Supersymmetry, Any
2HDM, Fourth generation, Extra
dimensions, Axions . ..

Neutralino loop

i

b s
\ ;

.

L
X S~ X

¢

Chargino loop ¢
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Gluino loop

v lIdeal place to look for new physics
ch

\




I ANGULAR DISTRIBUTIONS & App

A lot of information in the full 6, 0k and ¢ distributions

dar’
o r (%FL sin® 6, + Arg cos 6,
3 2
+ —(1 — F)(1 + cos®6))
ar-
) = & <2(1 - FL)A(T) cos 2¢
A sin 26 + 1)
dar’ 3r’

e sin Ok (2F cos® O + (1 — Fp)sin” O )

liger & Matias]
[Egede, et al.] [Alj, et al.]

0
M Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [33/58]



http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/hep-ph/9910221

ANGULAR DISTRIBUTIONS & App

A lot of information in the full 6, 0k and ¢ distributions

dar’
@ = I" (%FL sin2 9/ T AFB Cos 9/
/
3 )
+ 5(1 — F)(1 + cos®6))
1 0 or
Of _‘/]'- dcosﬁlm
Arg =
1
f dcos 01 324 cosg, dqzd cos )

=» Today: Forward-backward asymmetry Afg

liger & Matias]
[Egede, et al.] [Alj, et al.]
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http://arxiv.org/abs/hep-ph/0502060
http://arxiv.org/abs/0807.2589
http://arxiv.org/abs/hep-ph/9910221

BELLE: 230 B — /K™ events in
657 . 106 BE [PRL103:171801,2009]

BaBAR: 60 E—> LEK* events in
384 - 106 BB  [PrD79:031102,2009]

CDF: 100 B — puuK* events in
4.4 fb_l [CDF public note]

FB ASsYMMETRY: All seem to
favour positive values in first
bins. Not conclusive yet. ..

=» Need much more statistics

LHCb presents a result with 300 °°f

events with 309 pb~1: Largest sam-
ple in the world

[LHCb-CONF-2011-038]

1
0.5
'S

0

0.8 [
0.6 |
B a
Eo.4
< E R
02—

—o.2f
—o.af

ok

-0.5}



http://arxiv.org/abs/0904.0770
http://arxiv.org/abs/0804.4412
http://www-cdf.fnal.gov/physics/new/bottom/091112.blessed-b2smumu_afb/index.html
http://cdsweb.cern.ch/record/1367849?ln=en

m,, (MeV / ¢?)

B — ppuK* AT LHCb

Preliminary

L i L L h L h
5100 5150 5200 5250 5300 5350 5400 5450 5500 5550 5600

o Select B® — K*utp~ using
boosted decision tree

Cut out J/9 and ¢(25)
(used as control of angular

fits)

e Weight events according to
77_1(05’ ¢’ QK’ q2)

weight

Mg ( MeViEHICb-CONF-2011-038]

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [36/58]

¢ LHCb simulation -

cos 6


http://cdsweb.cern.ch/record/1367849?ln=en

B — ppuK* AT LHCb

S PMELEMGN L, 2 o Select B® — K*utpu~ using

i i boosted decision tree

%.Z % o Cut out J/9 and ¥(25)

g . L (used as control of angular
o0 500 S0 sa0 B

fits)

My, (MeV/ct)

430< g’ <868 Gevic* 10.09 < ¢ < 12.86 GeV?/c* H i
P M PSS o Weight events according to
g g,
Z, ! X 2)
: == n (95’ o, QK’ q
S wl e
:. 5 e Bin in g% and extract dI'/dq?
g 2" y
! gt < ' LHCb ]
T w:;h::x; I;:;ﬁ;:;m s 550" M 38 Preliminary ]
_ 14.18 < ¢* < 16.00 GeV>/c* A116.00<q2<I9A0()GeV2/c" E 1 ]
GRS P Saraaa o ]
3 2 3 20} = :
2 B
> ' s ]
2 g he] .
: e g o l '- ]
) PR ©° 4
§ £ ]
o o ]
P! 1 1 1
s ™ -, 0 5 10 15 20
my.. (Mevic?) . (Mev/c?) q* [GeV?/c’]
[LHCb-CONF-2011-038] SM: Bobeth et al., [arXiv:1105.0376]
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http://cdsweb.cern.ch/record/1367849?ln=en
http://arxiv.org/abs/1105.0376

B — ppuK* AT LHCb

o Select B® — K*utp~ using
boosted decision tree
o Cut out J/9 and ¢(2S)
( (used as control of angular

. . fits)

3 e Weight events according to
s -1 2
o s n (efv ¢’ HK’ q )

L ® Bin in g* and extract dI'/dg®
Y o Fit for Ok and 6,
Je]

() 14.18 < ¢? < 16GeV? " (£) 16 < ¢% < 19GeV?
(5) 1< 4% <6GeV? [LHCb-CONF-2011-038] SM: Bobeth et al., [arXiv:1105.0376]
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http://cdsweb.cern.ch/record/1367849?ln=en
http://arxiv.org/abs/1105.0376

B — ppuK* AT LHCb

thce o Select B® — K*utp~ using

Preliminary boosted deCiSiOﬂ tree
i *— ] o Cut out J/1 and (25)
s

FL

0.5

+ *.EFZ (used as control of angular
fits)

: : e Weight events according to
Theory mmmBinned theory 77_1(05’ ¢)’ HK’ q2)

—e-LHCb
@ Bin in g° and extract dI'/dqg?

o Fit for Ok and 6,

=» Good agreement with SM
o Will add more observables,
like A%, sensitive to right
handed currents

: 0.5|_- = + ‘—{_‘

Arg

LHCb-Conf-2011-038
o
T -!‘ T

-0.5( LHCb

Preliminary
L=309/pb
PRI B

0 5 10 15 , 2
@2 EeV5e%bo11-038) SM: Bobeth et al., [arXiv:1105.0376]
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http://cdsweb.cern.ch/record/1367849?ln=en
http://arxiv.org/abs/1105.0376

NEw CDF REsuLT

@ CDF has released an

& 21 B s KO update to 6.8 fb~! =
< C TR €165 candidates
1.5 # Data
"~ —sM [arXiv:1108.0695]

= C=C™ o They now also see a
negative Arg in the first

F ..

o
b

8 10 12 14 16 18
q2 (GeV?/c?)

i
6
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http://arxiv.org/abs/1108.0695

COMPARISON OF ALL EXPERIMENTS

Theory EEBinned theory
——-LHCb —+CDF —®BELLE —¥BaBar
A B S| B L

—

Arg

0.5

- —+

osb T LHCb

Preliminary

PR TR SR 1 RN TR SR TR N TR SR TR S NN S SR S
0 5 10 15 20
g2 [GeV?/ ¢4

[LHCb-CONF-2011-038]
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http://cdsweb.cern.ch/record/1367849?ln=en

Bs — up

o Very rare decay, well described sop
in the SM 502

tanp

a0f
B(Bs—pup)sm = (3.2 £0.2) - 10—9305

[Buras] 20F

e Very sensitive to NP, e.g. 105
MSSM: ofes
2,246
mymj tan :
B(Bes jt)assm o ;4 B M, [GeV/c?]

A
Many previous measurements

DO (6.1 FBfl): B<51-10"8 (95%) (Phys. Lett. B 693, 539 (2010)]
LHCB (37 PBfl): B<56-108 (95%) [Phys. Lett. B 699, 330 (2011)]
CDF (7 FB_I): B = (1.8 i'(l)é) 1078 Hint! [arXiv:1107.2304]

ch
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http://arxiv.org/abs/1012.1447
http://arxiv.org/abs/1006.3469
http://arxiv.org/abs/1103.2465
http://arxiv.org/abs/1107.2304

Select B — up using a boosted
decision tree (BDT) tuned on
MC but calibrated on real data
B — hh and sidebands

Mass resolution calibrated on b
— hh and dimuon resonances
Look in 4x6 bins of

BDT x Mass

Normalise to Bs — J/1¢, By
— JJK*, By — Kr

Bs — up STRATEGY (300 PB71)

> 1 T T T T T T
E f—0— E
] S
Ew"; . E
E Signal 3
10°E —_—— background 3
4- — — —:
1°F LHeb
preliminary —

4

10°F 300 pbt | E

1 1 1 1
01 02 03 04
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Bs — up SIGNAL WINDOW (300 PB™1)

e Data
{1 SM signal expectation

1 l B — mm expectation
\+ hasd iy Combinatorial expec-
tation

600k BDT<0.25
501 *\b\\\\\'\\\\\.‘\\\‘\\\\'\\\\\\\.
[}

0.25<BDT<0.5

F LHCb
200 Preliminary
Jo0f VS=7Tev

300 5350 5400 5400
M, (MeVic?) M, (MeV/c?)
r 3 E 4
3sk 0.5<BDT<0.75 E :sg 0.75<BDT<1
sk E 29
3 - 7
sk E 19
. N SN ¥ ?
N s R .
" SN[ SRR RS L
5350 300 5350 5401

5400 2 0 >
M, (Mevic?) M, (Mevic?)

BDT Bin
Exp. Comb. Bkg. 2969 + 69 25+ 3 3.0+£0.9 0.66 + 0.40
Exp. SM Signal | 1.26 +0.13 0.61 +0.06 0.67 =0.07 0.72 +0.07
Observed

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [41/58]



Bs — pp BEST CANDIDATE

5400
M, (MeV/c?)

14.6.2011 18:57:08
Run 93593 Event 1179897868 bld 1140
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B — pu LHCb LIMITS (300+37 PB~1)

3 T T T T T T T I T . . . . .
o LHCb 1 oos LHCb
---- Expected Preliminary ---- Expected Preliminary
t1o0 N 3 10 N g
background . observed Packgroun
T observed 5 E and signal

only
at SM BR

12 14 16 18

2 2
B(B, —u' )

12 14 16 18 2 -2
[10%

B(B! it 10
Bs—pp  Bg—pp

Expected limit assuming bkg only (95%) 1.0-10~% 3.1-107°

Expected limit assuming bkg+SM (95%) 1.5-1078

Observed limit (95%) 1.6-10% 5.1-107°

p-value of background only hypothesis 14% 79%

Observed limit, 2010+2011 (95%) 15-10°8

[LHCB-CONF-2011-037-001]
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http://cdsweb.cern.ch/record/1374173?ln=en

Bs — pp AT CMS (1.1 F¥B71) 4

o Cut-based selection optimised ; 2CMS 2011, 1.14 b, Preliminary
on MC and sidebands o T T BT TR
.. . . =]
e Divided in Barrel (two p with % (2ldof = 1.0/5 ]

In| < 1.4) and Endcap (one p i T
with |n| > 1.4) Ly N 55 i
< > ~ 1
o Efficiency very stable wrt to L PV~ 2011 ' |
multiplicity <» good news for - 1
high lumi running 0-8’—¢—¢—‘—.—¢—¢‘
e Normalisation to Bs — J/¢¢,
B, — J/YK I |

06r B — JppK* ]

poa by Ty Ty T Ty

0 2 4 6 8 10 12
Npy
LHCD
v “(‘p Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [44/58]




Bs — pp AT CMS (1.1 F¥B71) CMS

Barrel Endcap . CMISZO11I,114ﬂT',5§r(?:Iu;||$:\r|/y
Expected signal 0.80 + 0.16 0.36 + 0.07 R [ PE—
Expected Bkg 0.60 + 0.35 0.80 + 0.40 grof [ ESsen
Expected B — hh | 0.07 + 0.02 0.04 +0.02 ;| [Baret ]
Observed 2 1
Expected limit at 95% assuming SM 1.8.10°8

I 1 I
5 52 54 56 58

Observed limit 1.9.10°8 m, [GoV]
. CMS 2011, 1.14 fiv”", Prelimina;
p-value of background only hypothesis 11% F T ]
. [f7] 82 signal window
[1107.5834, submitted to PRL] [ sgnatvindon ]

Candidates / 0.025 GeV
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http://arxiv.org/abs/1107.5834

CMS Experiment at the LHC, CERN

Data recorded: 2011-Jun-28 09:47:55.087407 GMT(04:47:55 CDT) \
Run/Event: 167898/ 1773682763

€/ CERN 210 Al s resered i igana o hispy
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N T T ° Comblne using LHCb's
© ---- Expected (background E framework, with 24
\ +10 only) 3 LHCb plus 2 CMS bins.
--- observed ] o Use fy/f; from LHCb.

CMS + LHCb
preliminary

10 15
BR(B—>uy) [10°]

| LHCb | CMS
Expected Limit, SM+Bkg (95%) 1.5.-107% [ 1.8.10°8
Observed limit, 2010+2011 (95%) 1.5-1078]19.10°8
Observed LHCb+CMS limit (95%) 1.1-1078

[CMS-PAS-BPH-11-019 ; LHCb-CONF-2011-047]
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http://cdsweb.cern.ch/record/1374913?ln=en

B; — pp LHC COMBINATION

\ t1o

-=-= observed

The air is getting thin for Susy

Assuming the SM we could get 3o evi-
dence with 2011 data. [arXiv:1108.3018]

Patrick Koppenburg Heavy Flavo

—--- Expected (background

CMS + LHCb
preliminary

[B|B|C N0

NEWS SCIENCE & ENVIRONMENT

Home US & Canada Latin America UK Africa Asia-Pac Europe Mi-East SouthAsia Bus
27 August 2011 Last updated at 0241 ET EMEmnEEs

LHC results put supersymmetry theory ‘on
the spot’

By Pallab Ghosh
Science comespondent, BBC News

Results from the Large Hadron Collider
(LHC) have all but killed the simplest
version of an enticing theory of sub-atomic
physics.

Researchers failed to find evidence of so-called
"supersymmetric” partcies, which many.
physicists had hoped would plug holes in the
current theory.

Supersymmetry prodicts the existe

‘Theorists working in the field have told BBC
mysterious super paricles.

News that they may have to come up with a
completely new idea.

Related Stories

Data were presented at the Lepton Photon science meeting in Mumbai

They come from the LHC Beauty (LHCb) experiment, one of the four — hescmmeay e -
main detectors situated around the colider fng at the European

Organisatin fo Nuclear Research (Cern) on he Siss-French border.  Electron partile's

According to Dr Tara Shears of Liverpool Universily, a spokesman for the  Collider produces
LHCb experiment: It does rather put supersymmetry on the spo”. ‘mini-Blg Bang"

The experiment looked at the decay of partcies called "B-mesons" in

hitherto unprecedented detai. 71

f supersymmetic partices exist, B-mesons ought to decay far more

often than i they do not exist There's a certain
amount of wor

There also ought to be a greater difference in the way matter and that's creeping

antimatter versions of these particies decay. e gesions”

August 2011, PIC, Vancouver [47/58]


http://cdsweb.cern.ch/record/1374913?ln=en
http://www.bbc.co.uk/news/science-environment-14680570
http://arxiv.org/abs/1108.3018

0 COF 1:35 o' +DO 280" PDG 11

_ @ ¢ is the phase in the B; mixing

D /N ..

& o AN osuol — @ SM prediction

[2; oz \\\‘\‘\T;m 99.7% CL — = 0.0363 + 0.0017 rad [ckmFitter]
e ( o Deviations due to NP could large
E. 7 wmeesw | @ HFAG, UTFit, CKMFitter fits hint
@ \ / 220 fromSM towards an additional phase [Hrag]
B yre s @ LHCb has measured it with 2010

[0 = —24; rad .

o Ucarinnany 1 data : 37 pb™!, 757 4 28 signal

e \ candidates [LHcb-conF-2011-006]
Fow @ Now updating to 10 times more

1
o, Irad]
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http://ckmfitter.in2p3.fr/
http://www.slac.stanford.edu/xorg/hfag/osc/PDG_2011
http://cdsweb.cern.ch/record/1328961?ln=en

¢s IN By — J/1p¢ STATUS

0 COF 1.35 ' +DO 281"

- . Georg Krocker, on behalf of the LHCb collaboration
95% 0L — ;

99.7% CL —

p-value = 0.031
22¢ from SM

1 2
q‘)_f/ i = —2;35/”" [rad

Preliminary
TeV, L=36 pb'

1
o, Irad]



http://ckmfitter.in2p3.fr/
http://www.slac.stanford.edu/xorg/hfag/osc/PDG_2011
http://cdsweb.cern.ch/record/1328961?ln=en

@ Time dependent analysis
Time resolution measured using prompt J/¢
background: o, = 50 fs

T
LHCb preliminary
Ns=7TeV,L=337pb™

=
<

o

LHCb Preliminary
\[s=7TeV, L =337 pb*

N

Entries/0.22 ps

.

e o — 1 I SSeas
5300 5350 5400 107 A N B
B, mass [MeV] 2 0 2 4 6

Proper time (ps)
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@ Time dependent analysis
© Need to tag initial flavour of the Bs

o Per event mistag calibrated on

Bt — J/¢YK and By — D*pv,
o Dilution Dyg = 0.277 £0.011 £ 0.025
o Tagging power eD? = (2.08 + 0.41)%

E- LHCb preliminary \'s=7TeV
E' 337pb?

o LHCb preliminary
<E \s =7TeV, 341 pb” OST+SST
0.2]
o
0.2
Am, = 17.725 £ 0,041 £ 0,025 ps”!
—0.-"0 - L

0.1 0.2 0.3
t modulo 21/ Amg [ ps ]

Mixing seen in Bs — Dsm
See Bob Harr's talk
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LHCb
Preliminary

V5 =7TeV Data

LHCb
Preliminary
\5 = 7 TeV Data




@ Time dependent analysis =

© Need to tag initial flavour of the Bs o L
© P—VV decay: needs an angular analysis to iy e W
resolve CP-even and CP-odd components et \
o Angular acceptance determined from MC e
o Maximum deviation from uniform: 5% o

3
ot
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Bs — J/1¥¢ FIT PROJECTIONS

—4— data

Events / 0.13 ps

LHCb preliminary

\§=7TeV, L= 337 pb’

—— sig. component
,,,,,,, cp-even sig. component
— — cp-odd sig. component
—— s-wave component

bkg. component

complete pdf

Events /0.1

T
LHCb preliminary
N5 =7TeV, L=337 pb"

/

6 8
Proper time t [ps]

-3
=3
S
T T

o
=3
S

Events /0.1

T S
LHCb preliminary -
\s=7TeV,L~337pb" 1

<.

Events / 0.31 rad

T
LHCb preliminary
\§=7TeV,L=337 pb”

o ~
- I I
-1 -0.5 0 0.5 1
cos 6
Patrick Koppenburg Heavy Flav s at the LHC




[ LHes
S Ns=1

Preliminary
eV, L=36 pb'

¢s IN B — J/1¢ RESULT

- LHCb Preliminary

- NS=7TeV,L=337pb " / “:\
™~ - .
s C’\ .

0.18 (stat) £ 0.07 (s

0.009 (stat) + 0.008 (sys)
0.029 (stat) + 0.008 (

- N7 -
N o

gl O — .
T F et o) 3
- Lmmae, et ]
E P\ eemosecL o)

-0.1 A n
- .\ H ]
- ) ; .

) :
n 3 ; :
0.2F e .
.

(p;/wm [rad]
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HISTORY: FIRST OBSERVATION (30 PB™!) %

45
40
35

Events /(5 MeV)

LACb

Preliminary
\'s= 7 TeV Data

T
Ng,= 11414

mgg = 5366.1+ 1.1 MeV

o= 8211 MeV
BO—J/yrm

B0—J/yK*

B*—>J/yK*(n*)

Events / ( 15 MeV/c?)

W
S
LU U LA LN Ly UL AL LR L

LHCb

Preliminary
\'s =7 TeV Data

T —e—
ACT o

x?/ndof = 49/56

£4(980)+fo(1370)

—
=2
e

..-:.L:». A (rLrYTTY IYTT1 IYPTI PPTTY TOTY IO

5500
mup ) (MeV)

80

0

1200 1400

m(n*) (MeV/c?)

v/ First observation of Bs —
J/15(980) (f5(980) — =)
[Phys. Letters B 698 (2011) 115]

e That was in February this year

o Almost immediately
confirmed by Belle
[Phys.Rev.Lett.106:121802,2011]

and CDF

[arXiv:http://arxiv.org/abs/1106.3682]
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¢y IN By — J/1H(980) (330 PB~Y)

LHCb
Preliminary
\s =7 TeV Data

-
o
S

Events / (5 MeV/c?)
o [+
(=1 o

.
o
Events / (15 MeV/c?)

20
SR LR AL s 2 L Y Lk Sl ‘Q
A 1 )
5300 5400 5500 -
- - 1500 2000
m(p*untn) (MeV) m(n*r) (MeV/c?)

o Now we use it to extract ¢s

v The £,(980) looks pure scalar:
no angular analysis needed.

Events/(0.2ps)
8
1
1

0 5 10
proper time (ps)
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¢s IN Bs — J/115(980)

0.5 T T

LHCb
Preliminary
s =7TeV Data

<|

N RARRRAR RRRN RARS

AT (ps™)

N

=)
L L L L L L L L L

RN RARNRRRRRLSS

—68%C.L.
--90%C.L.
- 95% C.L.

Y ETTTY AT T AT A

|
podondondn

¢/PRO%)  _ 044 4 0.44 4+ 0.02 rad

SM fit: —0.0363 4 0.0017 rad
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¢s IN Bs — J/1f5(980) AND ¢

— 05 F T T E
¥ LHCb Preliminary E E
% 0 \E=7rev, e T /;\\\ :::LHCb . 3
S o i ,/‘E E Preliminary E
NI o~ 92Es=7TeV Data E
of ) “6_1 0.1 ;— —;
AN o0 E
0.1 = E
kY i < -01f 3
\Kv)/ E E
o L -0.2F —68%C.L. -
L s = 0.3F --90%CL
@"¥® [rad] E 90%C E
04 o 95% CL. 3

s CE—

Combining with J/¢¢ result:

—0.44 £ 0.44 = 0.02 rad
+0.13 +0.18 £ 0.07 rad

+0.03 £ 0.16 £ 0.07 rad (LHCb)

SM fit: —0.0363 4 0.0017 rad
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IN Bs — J/¢£(980) AND ¢

LHCb the first

E Preliminary results overlaid [ po 8fb”! int-
04 — eanct [ coF s52fbT to . show  point

- T 95%CL ] LHCb 03fb” estimates.
02 é ¢ Standard Model

8 No need for
Oog__“ _____________ Alg/¢ps plots any

3] more.
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SM fit: —0.0363 4 0.0017 rad
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W

CONTROLLING PENGUINS

Penguin Protection Fence

With LHCb's experimental precision, <
penguin contributions to e.g. By —
J/¢K2 will have to me taken into ac-

LHCb
Preliminary

Vs =7 TeV Data
380 pb!

Is that the tension on sin 237

L 1
5300 5400

CDF: 0.041 £ 0.007 = 0.004 =+ 0.005 [Note 10240]

500

5200 5
. 0 Mg
=» Study U-spin partners as Bs — J/¢¥Kg LHC CONF 2011.048]
De Bruyn, PK, Fleischer [Eur.Phys.J.C70:1025 (2010)], [arXiv:1012.0840]
B(Bs—J/vKS) f
= 0.0378 + 0.0058 (stat) £ 0.0020 t) +0.0030 (=
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LHCb UPGRADE PLANS

o Expect that integrated luminosity increases linearly with time.
After 6 fb~1, would take ~3 years to double statistics

o Need an order of magnitude increase in luminosity = O(10%3)
v/ Most of the detector can cope, efficiencies don't degrade

X LO saturates for hadronic

channels. ~ 3¢
@ pr Is not a = E
discriminating variable ;2'5 ..
anymore £ 2 F : :Z
=» Cut on impact o 5 F o Dk
parameter .".;\ L
=» Read all out at 40 MHz = 1
lectroni &5 |
e Most of the electronics 8b.5
to be replaced L .
O A%Alklzlllllslklké'lltléll
[C;RN-LHCC-QOII-OOl] Lumiﬂosity (X1 032)
\)

Patrick Koppenburg Heavy Flavour Results at the LHC 30 August 2011, PIC, Vancouver [56/58]


https://twiki.cern.ch/twiki/pub/LHCb/LHCbUpgrade/LOI.pdf

X | .

~ .
AL
. “%'" e The LHC is’he new b factory
AN} » Big industry of cross Section
%W measurements at /s =7 TeV'
W o The charm cross section jis large’
= ) o
Yo o . good prospects for D phyS|cs
N7 Explorlng b — s transitions.
vy W ., e By — pu, B — puK?, d)s
- '-5" My o The LHC does not confirm the hints
:" "’:f_",: .. seen by :téle Tevatron.or B factories ~ .- -
""o e, T But all measurements are statistically
@) limited 23 - ANe -
J  More to-cq}iﬁ‘e in 2012, including CKM <~ -
. angles ¢ . PR -
B B . : " ._‘z.," . ““»
v . el /N
R e 1, T .
- _ T T ;‘,! o —4-1E8 g
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AM T AN UNCLEAR
COMMUNICATOR?

oeLACK. BaCkUp

.
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Bs; — ¢¢ TRIPLE PRODUCT

Bs — ¢¢ is similar to Bs
— J/1¢, but only penguin-
induced.

Triple product tests for CP
violation without need of
flavour tagging (arxiv:1107.1232],

K+

[Phys.Lett. B701 (2011) 357-362]

= sin¢cos¢
= +sing, ifcosf;cosfy >0
= —sin ¢, otherwise
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Bs; — ¢¢ TRIPLE PRODUCT

Bs — ¢¢ is similar to Bs 3§ ey
— J/v¢, but only penguin- '
induced.

Triple product tests for CP
violation without need of @U>0 <o
flavour tagging (arxiv:1107.1232], =l §of e oy

Events 10mevi’
[T

B ED

£
Nase(o) (Mowi)

[Phys.Lett. B701 (2011) 357-362]

U = singcosad J ————_—" e
V. = +sing, ifcosficosfy >0 @ V>0 @v<o o
V= —sin ¢, otherwise

= —0.064 4+ 0.057 = 0.014
Very clean signal: 320 events — —0.070 4+ 0.057 +0.014
in 340 pb™! [CONF-2011-052]
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LUMINOSITY

Dipole magnet =¥ crossing angle 3.5 TeV, Field Down

o added or subtracted from external

angle oA\ R
e Beam-gas events allow to measure W T e
000 7 e g 1900
beam shapes o e
=» Precise measurement of LHC lumi-
nosity
& 1§§§V\/ -~ 3.5 TeV, Field U
g HN I .5 TeV, Fie p
133§§ o
0o l’x \\

0

\ S
500 >, - \
E J !
-1000 T 1500
A e 1000 _ (raen)
4500 o lagoo 500 ’
-1500
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INSTANTANEOUS LUMINOSITY AT 3.5 TEV

160

a0 « LHCb has been designed for
L£=2-10% cm2s~!, with 2800

120 bunches crossing
100 =>» 0.4 pp collisions per crossing

80 « But we only had 400 bunches in
2010

: : : : |
L
180 200 220 240 260 280 300

Days since 1 January 2010
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Peak Instantaneous Luminosity (10*30/cm#2*s#1)



INSTANTANEOUS LUMINOSITY AT 3.5 TEV

160 Pt T o .80%..0f nomiinal luminesity.=2.

3.00

140 2.50 g i

] . |
[}
120 2.00 =l 5 . 8y
' sgfl | i i s =
Sh8 8 =0 [ ] ll ']
1.50 . H g
100 ‘ e
i

i | ‘
1.00

0.50 Nominal conditions
&0 0.00 L T |
20/Sep 30/Sep 10/Oct 20/Oct 30/0ct
40 Date : : S| N

We run at 5 times
our design!

280 300
Days since 1 January 2010
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Peak Instantaneous Luminosity (10*30/cm#2*s#1)
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