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http://www.koppenburg.org/address.html

I WELCOME

Welcome to our theorist friends and LHCb colleagues
for this IVth edition of the LHCb Implications Workshop
On behalf of the organising committee
John Ellis, Tim Gershon, Gino Isidori, Patrick Koppenburg, Gilad Perez,
Frederic Teubert, Vincenzo Vagnoni, Andreas Weiler
and the stream conveners (who did the actual work)

Jennifer Girrbach-Noe, Sneha Malde, Fernando Rodrigues, Sebastian
Jager, Fatima Soomro, Kostas Petridis, Andreas Crivellin, Francesco
Dettori, Angelo di Canto, Juan Rojo, Zhenwei Yang, Simone Bifani

And many thanks to everyone, speakers and attendees.
Let's make this an enjoyable experience.

ch

Patrick Koppenburg Introduction IVth Implications Workshop [2/40]



I PURPOSE OF THE WORKSHOP

@ Follow on from successful previous workshops, Nov.10-11, 2011,
Apr.16-18, 2012, Oct. 14-16, 2013.
o discuss latest results and more ideas of exploitation of Run | dataset

@ Develop new ideas for future analysis

o Ideas for Run II.
=» This is the last moment to add new trigger lines for 2015

o Ideas for Run Ill and the LHCb upgrade

Beyond the workshop
@ We like a close collaboration with the theory community.
@ If you have an idea, feel free to contact us to check its feasibility.

@ And/or show it in one of our physics working group meetings.

ch
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. ‘We won’t show anythlng secret (w&don t have secrets)

7 -) The agenda is open to the world. If you. .
oo 15 e uncomf'ortable with that let! me know.
0 WE can protect some slides.

Pl

o The room is not?open to. everyone

- We will be a bit more oﬁen about
“ prospects than we would ‘at ICHEP.

We want to discuss!

. » Talks shoulgﬂb__;e"griggerin‘g- fruitful discuss
rather than transmit a lot of data’
=» Timing will have to be respected
o I'll try to shew the examﬂle bf:;being_,
shorter than my allocated time
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LHCB PHYSICS PROGRAMME

. " i

QI and @ elaien
with b and ¢ hadrons

Electroweak and QCu
measurements in the
forward acceptance

Rare decays of b hadrons
and c¢ hadrons

quark production

Heavy
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LHCB PHYSICS PROGRAMME DISCUSSED HERE

CKM and CP violation o :
with b and ¢ hadrons

Electroweak and Q™
measurements in the
forward acceptance

L .-‘_;‘— — “*’”’T b
Rare decays of b hadrons
and ¢ hadrons

T
STtk
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Spectroscopy in pp Wy Heavy quark production

i interactions and B decays
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CPV in B decays

Jennifer Girrbach, Sneha Malde, Fernando Rodrigues
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Al's VERSUS ¢s IN SUMMER 2014
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[LHCb, submitted to Phys. Rev. Lett., arXiv:1409.4619]

¢s FROM BY — DD,

Candidates/ (0.1 ps)

102

10

5 10
Decay time [ps]

Bgaty {.++

O/eé’o

777,;? Qf%e G
2

Time dependen‘i"’@?’?tos
analysis of
B? — DF D7 with
B°— D=Df as
control.
Time acceptance from

data and resolution
from MC

Excellent tagging
power of 5.3%

¢s = 0.02 4 0.17 £ 0.02 rad
(or ¢s = 0.02 £ 0.17 + 0.02 rad with CPV || = 0.91 * {18 +0.02)
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http://arxiv.org/abs/1409.4619

Patrick Koppenburg

Introduction

Summer 2014

68% CL regions
AlogL =1.15 ]

uncertainty on ¢s becomes +0.040.
The central value will be given after the
coffee break.
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[LHCb, submitted to Phys. Rev. Lett., arXiv:1409.8586]

SEMILEPTONIC B% ASYMMETRY A%

@ Surprising deviation

LI L L T B . .
s Standard Model ] from SM expectation in
L ] d s

] N — (a§, a3) plane from DO
- e results [Phys. Rev. D 89, 012002

-1: E : (2014), arXiv:1310.0447]

Y ] o LHCb measured a5 with
[ © i§ ] 1 sl
= LHCb 0%y ] 1 fb™" [Phys. Lett. B728 (2014)

3 o DO p®uvx —

r a BaBar p*/v B 607]
L ek : q

4L Tt R R 1.3  =» New LHCb result of a§
- ) 1 0 1 . ]

ad [%)] with 3 fb
e The a; update will
come soon
ag = (—0.02£0.19 + 0.30)%
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http://arxiv.org/abs/1409.8586
http://arxiv.org/abs/1310.0447
http://arxiv.org/abs/1310.0447
http://arxiv.org/abs/1308.1048
http://arxiv.org/abs/1308.1048

[LHCb, LHCb-CONF-2014-004]

v COMBINATION FOR CKM

20, "oy, =
2 /);es
e Using only B— DK kefs
LHCb y=73%3, ”
Preliminary

=» More precise than B
factory combination

120

140
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-CONF-2014-004

~

o
S
3

Probability density
°
o
8

o
S

Probability density

o >

[LHCb, submitted to Ph: =tt. B, arXiv:1408.4368]

AND ¢s FROM B— hh 75;7//}76@,7
10, 0 Ve,
A S0, .
Ty

o Global fit to CP parameters in B — K*K~ and B®— ntr s,

sensitive to v or Bs. Needs U-spin symmetry assumptions. [Fieischer]

o Two fits, one fitting for v assuming 35 from HFAG, one for (s

assuming v from UTFit.
= v =[56°70°] and —23; = [-0.28,0.02] rad at 68% CL
[ @ @ Depends on the level of U-spin breaking
g allowed. The above numbers assume 50%.

-2p, [rad]
G

2
-2, [rad]
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http://arxiv.org/abs/1408.4368
http://arxiv.org/abs/hep-ph/9903456

[LHCb, submitted to Ph: =tt. B, arXiv:1408.4368]

7 AND ¢s FROM B— hh Ton e
0 S
o BT — nt7% and B®— 779 from B-factories add more &@%?"
constraints [Gronau, London] 7

e Two fits, one fitting for v assuming 55 from HFAG, one for j
assuming v from UTFit.

< v =(635772)" and —24;s = —0.12 7 53¢ rad
(@ @ Depends on the level of U-spin breaking
allowed. The above numbers assume 50%.

[

S

3
T

Probability density
g
T

@ More stable with respect to assumptions

1
2

'2 (b) = 1e0f (a)
3 [ 140F
> g 120F
3 100F
8 80F —— _ - 5
S f eolemEII N
= . wof Is that the end of

j 20F e

. 4 s S the story?
-2, [rad]
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http://arxiv.org/abs/1408.4368
http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.65.3381

[LHCb, submitted to Ph-  “ev. D, arXiv:1408.5373]

CP VIOLATION IN BT — hTh™h™" 7y, Vs

CP asymmetries of BT — h*h~h* with 3 fb~! (181k—6k depen%f‘rné,)on
mode):

Acp(B* = KErtn™) = +0.025 + 0.004 = 0.004 £ 0.007 [2.80]
Acp(BE — KEKK™) = —0.036 + 0.004 + 0.002 + 0.007 [4.30]
Acp(BE = 7EKTK™) = +0.058 = 0.008 = 0.009 = 0.007 [4.20]
Acp(BY — n*KTK™) = —0.123 4 0.017 + 0.012 £ 0.007  [5.60]

Positive CP asymmetries in 1 < mpu, < 1.5 GeV/c? regions for w7~
modes and negative for K™K~ modes. Indication of rescattering effects
as CPT forces sum to be 0.

"LHCh ]

What do we learn
o5 1 3 o5p a frOm it?

¢A+*
kS

R

05 ‘l 115
mer),, [(Gevic]
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http://arxiv.org/abs/1408.5373

pr DEPENDENCE OF fo

Where to see CP
violation in baryons?

/f4

[LHCb, JHEP 08 (2014) 143, arXiv:1405.6842]

@ Determine the pr and 7
dependence of ng/fd using
A9 — Afn~ and B— Dtr—

o Very similar decays

o Absolute scale normalised
using semileptonc decays
[Phys. Rev. D 85, 032008 (2012),
arXiv:1111.2357]

@ Clear increase of Ag at low pr
and large n
=» Many more A9 in LHCb than
central detectors
e By-product B(Af_) Atw
(430j:003+011

0.26 (%) +0.21(B))- 1073

=
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http://arxiv.org/abs/1405.6842
http://arxiv.org/abs/1111.2357
http://arxiv.org/abs/1111.2357

Rare B decays

Sebastian Jager, Fatima Soomro, Kostas Petridis
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[LHCb, LHCb-PAPER-2014-04¢

T

CMS and LHCh

O b N W A O O N

Aol LN RA A RN AR LA LA RARRA AR
| A RARRN LAARS LAAL) RAAM

e Signal strength determined wrt SM,
including exp and theory uncertainties

o BY BF as expected
e B? BF on the high side by 2.2¢
X Nothing to get too excited about yet
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MS and LHCh

nreparation]

3

CMS and LHCh

15

B
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\/

CMS and LHCh

g

£

SM and MFV.
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https://cds.cern.ch/search?ln=en&as=1&m1=p&f1=reportnumber&p1=LHCb-PAPER-2014-049

LEPTON UNIVERSALITY WITH BT — K, ~
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Keon —-Other —Combination

=
o

[er]
T
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T

i
T

-e-LHCb

-m-BaBa -a-Belle

LHCb 1

E =

10 15 20
R [GeV3cH

[LHCb, Phys. Rev. Lett. 113 (2014) 151601, arXiv:1406.6482]

%
1 Oy

e Measure ratio Rx of B+ 'F R’FJ',;W
to B+—> K" ee in
1< q?<6 GeV?

v Signal clearly visible in KTy~ put
e Separate K"ee by electron, hadron
and other LO triggers

o Use different mass pdf depending
on the number of bremsstrahlung
photons

@ Build a double ratio Rx =
(NK+“+#— ) NJ/qﬁK*e*e*
NK*e*e_ NJ/¢K+#+IL_

=0.745 1 0029 +0.036
Excited?

2.60 from unity
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http://arxiv.org/abs/1406.6482

Rk AND P{ AND c¢C

20
q2 [GeV?/c4]

—-Other  — Combination
- T
g /
/ LHCb
— // m
2 /
n ]
-
£
Z ]
oN
I
L
2 3
RK
T T
SM Predictions
4 oaa 4

7]

RK 2.60 from SM [Phys. Rev. Lett. 11434?%1’2’

151601]

P{ 3.70 away in one bin (phys. Rev. Lett. 111
(2013) 191801]

Leptophobic Z'? [Altmannshofer, Phys.Rev. D89
(2014) 095033, arXiv:1403.1269]

But how well do we control c€? (phys.

Rev. Lett. 111 (2013) 112003]

LHCb - daa

Candidates/ (25 MeV/c?)

T O Y

3800 40‘00 42‘00 44‘00 46‘00
M, [Mev/cg
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http://arxiv.org/abs/1406.6482
http://arxiv.org/abs/1406.6482
http://arxiv.org/abs/1308.1707
http://arxiv.org/abs/1308.1707
http://arxiv.org/abs/1403.1269
http://arxiv.org/abs/1403.1269
http://arxiv.org/abs/1307.7595
http://arxiv.org/abs/1307.7595

[LHCb, Phys. Rev. Lett. 112 (20" *A1801, arXiv:1402.6852]

PHOTON POLARISATION IN b— Sy 747?;?/}70&
Wi, sy,
@ The SM predicts the photon in b— s is left-handed. O,?”
o Compute up-down asymmetry f;n,fast f\

1 0 > >
_dr_ _ dl Prslow X Prfast
({dcos@dcose j; deosf &,

Aud =

1
dr
fl deost7&—

6.9+17, 49+20, 56+1.8, —45+1.9%

=» 5.20 first observation of photon polarisation

@ Need theory input and/or amplitude analysis to

determine photon polarisation e

E LHCb i 2 gq LHCb 208
;oew ELN EEpa How do we turn that
S S S = . .

o i B ER into a right-handed

o2 [11,1.3] Gev/e? 1% [13,1.4] Gev/c? E .

T T i fraction?

s s
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http://arxiv.org/abs/1402.6852

New physics searches in
charm, 7 and kaon decays

Andreas Crivellin, Francesco Dettori, Angelo di Canto
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[LHCb, submitted to JHEP, arXiv:1409.8548]

, —— © Search for 77— p—ptpu~

o SM prediction B = O(10~%°)

o Best limit B < 2.1 x 108 (90%)
[Belle, PLB 687 (2010) 139, arXiv:1001.3221]

o 1 b~ limit B < 8.0 x 108 (90%)

[LHCb, Phys. Lett. B724 (2013) 36, arXiv:1304.4518]
! e 3D search: m3z, and 2 MVA, Mpp
) MeViE] and M3po4, (blending of 10 MVAs)

oF . . o o Calibrated on D7 — ¢p(putp~)m™
] e Most 77 come from D; decays

Candidates/ (8.75 MeVt?)

LHCb 1 o No excess seen in mass distributions

e Here most significant bins shown
for 7 (top) and 8 (bottom) TeV
N o Main peaking background is
— + —
ob uil Lt e D; :) n_(u 1~ y) umy (removed
(1) [MeVic] by ut ™ mass cut)
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http://arxiv.org/abs/1409.8548
http://arxiv.org/abs/1001.3221
http://arxiv.org/abs/1304.4518

[LHCb, JHEP 07 © “4) 041, arXiv:1405.2797]

CP VIOLATION IN SL-TAGGED D— hh %,

/77000 WQ’ 0‘7?"

o Select D°— K*K~ (2M) and %,
D% — 77~ (800k) from

semileptonic (y) decays in 3 fb~!

o Measure CP asymmetry difference

o Acp(ntm™) is computed from
KTK~ and AAcp

BaBar
An(rTe) 9] coE
Belle preiim.
AAcp = (+0.14 + 0.16 £ 0.08)% LHGD g
Acp(KTK™) = (—0.06 +0.15 4+ 0.10)% " LHCh montaons
Acp(ntm™) = (—0.20 £ 0.19 + 0.10)% | wemdfrifr:ge |
-1 0

1
DA [%]
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http://arxiv.org/abs/1405.2797

MORE CHARM AND STRANGENESS

in charm?

do

[LHCb, JHEP 01 (2013) 090, arXiv:1209.4029]

RARE CHARM DECAYS: We have many
analyses in the pipeline. Can short- and
long-distance effects be disentangled?
Is there a clean measurement?

MIXING AND ycp: More to

come. .. Where to find CP violation

RARE KAON DECAYS: We searched for
KO — ptu~, but there's more we can

[LHCb, Phys. Rev. Lett. 111 (2013) 251801, arXiv:1309.6534]

Candidates/ (1 MeV/c?)
o a5 h BREY S EH

RT[107]

R [10%]

= — CPVallowed
No direct CPV
—NoCPV

"
£ C ——y ]
7 o ° 8 2

,770/- 6’.[ t/@f r/::_
/7/,7

510 520
my, [Mev/cg
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http://arxiv.org/abs/1309.6534
http://arxiv.org/abs/1209.4029

Forward electroweak physics

Juan Rojo, Zhenwei Yang, Simone Bifani
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[LHCb, submitted to JINST, arXiv:1410.0149]

PRECISION LUMINOSITY MEASUREMENT

107 : : : : : @ The luminosity at LHCb is

10°
10°
£
o 10*
IS
8
g 3
£ 10
Q
>
10? — ee
— be
1 — eb |
10 _
LHCb
0 L L L L L
101500 -1000  -500 0 500 1000 1500
2 (mm)

= (mm)

v (mm)

1000 500 0 500 1000 1000 500 0 500 1000
= (mm mm;

measured with two methods:
Beam-gas imaging (BGI) and
van der Meer scan (VDM)

@ In the BGI method we use

neon injected in the beam pipe
to reconstruct the beams

@theQrion”

IS SPORTS  SCENGEMECH ~ LOCAL ~ ENTERTANMENT ~ FANTASYFOOT

27KILOMETER

41, CERN-"THERE' GOTTOBE SOMETHIGELSE
000 WITH TS HADRON COL R

SHARE

Bored Scientists Now Just Sticking Random Things Intp Large Hadron
Collider 52 TThe 6nlon]

Patrick Koppenburg Introduction IVth Implications Workshop [25/40]


http://arxiv.org/abs/1410.0149
http://www.theonion.com/video/bored-scientists-now-just-sticking-random-things-i,36415/

[LHCb, submitted to JINST, arXiv:1410.0149]

PRECISION LUMINOSITY MEASUREMENT

Absolute calibration Relative calibration  Total @ The lumin OSity at LHCb is

Method

oyis (mb)  Weight  Uncertainty uncertainty uncertainty .
o Vi BT measured with two methods:
BGI 60.62+0.87 050 1.43% (0.59%)
VDM 60.63+0.80 0.50  147% (0.65%) H H
Average  60.62 % 0.68 Tl 0.31% 1.16% Beam'gas Imaging (BGI) and

at /s = 7TTeV

B T o0sez 01 as o van der Meer scan (VDM)
VDM 60.01 +1.03 087 1.71% (1.00%)
Average  60.40 % 0.99 1.63% 0.53% L71% o Best resu |tS fOI’ 8 TeV data .
pp at /s = 2.76 TeV :
BGI 52.7 £1.2 2.20% 0.25% 2.21% 0, N
—— o BGI has 1.43% uncertainty
VDM 2126 + 49 2.05% 1.03% 2.29% ° V D M 1 47%
Pbp at /5y = 5TV ’
VDM 2120 £ 53 2.36% 0.82% 2.50% -> ]_ . 12% com bl ned

~ o For 7 TeV it's 1.63%

60 - LHCb (VELO not fully closed)

éf’s,iﬁ#ﬁi (((:7"7ij,:(:)) . & 4 ﬁ | e Cross-sections for the Vertex
L T e obervable are compared to
50 .

: other experiments (scaled to

IS
o
>
2]

LHCb eff.)

2.76 5.02 7.00 8.00

VS (TeV)
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http://arxiv.org/abs/1410.0149

[LHCb, submitte JHEP, arXiv:1408.4354]

§
W CROSS SECTION AT 7 TEV T he,
%, '%rry -
o Fit pr distribution to extract signal and asymmetry %n

ow+— utry =861.0+£2.0+11.24+14.7 pb
ow-— p T=6758+1.9+ 88+11.8 pb
ow+— ptv

Rw = — = 1.274 4+ 0.005 £ 0.009
ow-— U v

30000

First paper to use new lumi calibraotﬁion [LHCb, submitted to JINST, arXiv:1410.0149]
<:L 4 T T T

o ~ C T 4
S [ LHCb i 20<n<45 (S F LHCb, 5= 7Tev E
3 L Dt ENm-w ] 04 Data,, oMSTW08 ]
- r —Fit Weectovesk Ereotovesis pon Daa, v NNPDF23 J
820000 N W - w  EllHeay flavorr | 02~ sates .cTi0
@ L i 0 = ovelles s ABM12
5 r ] F ovafay ¢ HERA15 o
15} 20000 — 02F PRI L
C ] 04F E
N ] F pT>ZOGeV/c . -
sE 4 5 F : : : i
= £ E
o #ﬁﬂﬂ&r ] P PR —
2005F i iy
5k L = _@ 0.05 ! ! ! B

20 30 40 50 60 7020 30 40 50 60 70 [ 2 25 3 35 45

P, [GeVic] n
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http://arxiv.org/abs/1408.4354
http://arxiv.org/abs/1410.0149
http://arxiv.org/abs/1109.5141
http://arxiv.org/abs/1312.6283

o Comparison with models shows
good agreement

LHCb, /s=7TeV o MSTWO08 © ABM12 p, >20GeVic
Datay, v NNPDF23 ¢ HERA15 20<n<45
Data,, s CT10 s JR09

o
—
phir—
S —
— B
80 820 B840 80 80 90 920 Ou v [PP]
—
[ ————
=
P
NN ——
620 o 660 680 70 720 Ow - o [PP]
-
-
-
o
— = -
jE— EE—
L L L L Ow v
12 125 13 135 Ca——
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[LHCb, submitte JHEP, arXiv:1408.4354]

N
W CcROSS SECTION AT 7 TEV »,).’%/,%

00,7
E sooF —T T ]
- I LHCb, {s=7Tev p, >20Gevic i
T M B:g“ o 20<n<45 ]
b; L Daig, ]

° 68.3%CL dlli

750l © MsTwoe pseaea |
7001 ]
6501 -
I A T i
850 900 950
Oy _ v [PB]

Can theory match the

1% lumi uncertainty?
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http://arxiv.org/abs/1408.4354
http://arxiv.org/abs/1109.5141
http://arxiv.org/abs/1312.6283

Z IN PROTON-LEAD

: :

e

E [ HC 24y \<5|:|RHIC

[ ywi<es
Z production /&

Vw =35TeV y

Forward

100 105 10% 102 102 10! 1

st
syt O st

LHCb
pPb Sy =5Tev

FEWZ NNLO + MSTW08
FEWZ NNLO + MSTWO8 + EPS09 (NLO)

.
——

Backward

forward

[LHCb, JHEP 09 (2014) 030, arXiv:1406.2885]
’.C,g
Y

< 4 %/,.‘
LHCb has a unique rapidity coverag”mm >t
two regions depending on the direction 6’1"7@

the proton beam

e 11 Z— pp~ candidates with forward

proton (1.1nb™!) and 4 with backward

(0.5nb71) in 2 < n(p*) < 4.5:
o(fwd) =13.5%533+1.2 nb
o(bwd) =10.7 784 +1.0 nb

1o In the overlap region 2.5 < n(u*) < 4

0.104 4 0.004

Ree = 0.094 © 5065 * 5007

which is sensitive to collective nucleus
effects. This is only 2.2¢0 from unity.
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http://arxiv.org/abs/1406.2885

0, .
MORE FORWARD ELECTROWEAK PHYSIC. 7,"%,

4l fi@"/y /730,7 -
(o)
%)

CENTRAL EXCLUSIVE PRODUCTION: We
have a unique potential, especially in
run Il with the installation of Herschel

tt: We do b-jets and W. On our way to 17
the top.

Phys. G41 (2014) 055002]

Events per 10 GeV/c?

2500 3000 3500 4000
Invariant mass [MeV/c?]

IMrPaCcT ON MC TUNING: Effect of

LHCb on generators Iz
777 2 /Ctor
(A5 4 C
< 25 T A, '?"efqoco
T s == oaa A. %4, < )
S A = e g g 3t LHCb %
3 5 <=2 PYTUIA RS J’M S s 4000 b t
= S o, g T Clbeauty
= 15¢ LHCb (5= 7 Tev & 3 Wcharm
g f b g 7
£ 1 S 2000
g BT
0-5: [ [Pifs. Rev. Lett. 113%014) 082093]
0 15 2 0 2 3 6 8 10
p, [GeV/c] M rr [GEV/CH

. Phys. J. C74 (2014) 2888]
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http://arxiv.org/abs/1401.3288
http://arxiv.org/abs/1406.4789
http://arxiv.org/abs/1402.4430

M ot s
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WHAT’S NEXT (SANITISED SLIDE)

sin23: In the pipeline

B° — K*°u* 1 ~: In the pipeline

B% — K*0ete™: In the pipeline

Azt In the pipeline

D®— hh AAcp AND ycp: In the pipeline
~: More channels in the pipeline

You'll hear more on prospects during the next three days.
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HOW WILL OUR STATS SCALE IN RUN [I?
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HOwW MANY CIVILIZATIONS IN THE GALAXY?

Drake equation:

N=R, fy-ne-f-fi-fo-L
R.: the average rate of star formation in our galaxy
fp: the fraction of those stars that have planets

ne: the average number of planets that can potentially support life per
star that has planets

fy: the fraction of planets that could support life that actually develop
life at some point

f;: the fraction of planets with life that actually go on to develop
intelligent life (civilizations)

fc: the fraction of civilizations that develop a technology that releases
detectable signs of their existence into space

L: the length of time for which such civilizations release detectable
signals into space
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HOW WILL OUR STATS SCALE IN RUN [I?

= . - farai
RI -1 7-8 TeV RI ~ R RI 2014 " 'Brain
N 3fb 2 Mo "HLT "Reco / "ISel

NRIHI _ ( fﬁdt 1314 Tev . ﬂ . UEET . ngél@) 77§2|18
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HOW WILL OUR STATS SCALE IN RUN [I?

RII1 13-14Tev ,RI Rl Rl 2018
N — (14 JLdt o Mo THLT | Reco | Msel g
R~ 1 _78TeV Rl R RI 2014 'Brain
N 3fb e Mo "HLT  "Reco ) "lSel
~1.5-2

JL£dt: Assuming we stay at £ =4 - 1032 em~2s71, expect 6 fb~! by end of 2018 (if we run
for the whole of 2018, 4.5 else), more if we increase L, less if the LHC under-performs

| |
[ 1 I 1
2018 2019 2020 2021 2022 2023
o DBDEE: AR C AR ERD: IO ANE e T N e e A FATAEOR]
152 1S3
6.5t0 7 TeV 7Tev.
Peak luminosity 1.7x103%cm2s1 Peak luminosity 2.0x103%cm2st

e nical stop LIU (Injectors) HL-LHC
Commission! ALICE (Machine
LHCb & expts)
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HOW WILL OUR STATS SCALE IN RUN [I?

RI4II 13-14TeV ,RIl RIl_ Rl 2018
N (14 Jedt o o MHLT | MReco | Mel . p
R~ 1 778TeVv Rl R RI 2014 ~ 'Brain
N &E_, Z_— "o "HLT "Reco/ "ISel
~1.5-2 ~2

JL£dt: Assuming we stay at £ =4 - 1032 em~2s71, expect 6 fb~! by end of 2018 (if we run
for the whole of 2018, 4.5 else), more if we increase L, less if the LHC under-performs

o: Cross-sections increase with /s and our acceptance gets better
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How WILL OUR STATS SCALE IN RUN II?

RI+I 13-14TeV Rl Rl _RIl 2018
N _ JLedt o Mo THLT MReco | Msel p
RI =1 7-8TeV Rl Rl R 2014 ~ 'Brain
N Lﬂl_, Z_— "o "HLT "Reco ) "ISel
~1.5-2 ~2 051 1

JL£dt: Assuming we stay at £ =4 - 1032 em~2s71, expect 6 fb~! by end of 2018 (if we run
for the whole of 2018, 4.5 else), more if we increase L, less if the LHC under-performs
o: Cross-sections increase with /s and our acceptance gets better = . Trigger Diagram

40 MHz bunch crossing rate

LO: The higher multiplicity and energy will force us to raise
LO thresholds. Dimuon channels will not be much affected. 2 .
Others will. = Solved in Run IIl upgrade readeut, high ExfPr signature
HLT: We have a very smart trigger group who will get most S e
out of the data. Especially for charm. (12.5 kHz rate will help)

Buffer events to disk, perform online
detector calibration and alignment

B L :
Full offline-like event selection, mixture
of inclusive and exclusive triggers
12.5 kHz Rate to storage
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How WILL OUR STATS SCALE IN RUN II?

RI+II 13-14TeV Rl Rl Rl 2018
N _ JLedt o Mo THLT | MReco | Moel
R 3fp L gl 8TV " RILRI RI 2014 ~[IBrain
< "o "HLT "Reco/) sel & "
ng;/ R N Y~ Y~ Y=~ 21
~LA 051 >1 B ~1 ~1

JL£dt: Assuming we stay at £ =4 - 1032 em~2s71, expect 6 fb~! by end of 2018 (if we run
for the whole of 2018, 4.5 else), more if we increase L, less if the LHC under-performs

o: Cross-sections increase with /s and our acceptance gets better

LO: The higher multiplicity and energy will force us to raise LO thresholds. Dimuon
channels will not be much affected. Others will. =» Solved in Run Il upgrade

HLT: We have a very smart trigger group who will get most out of the data. Especially
for charm. (12.5 kHz rate will help)

REco & PID: Tracking and PID may suffer a bit from 25 ns and multiplicites. These are
small effects.

SELECTION: We are constantly improving thanks to better understanding of signal and
backgrounds. But not by large amounts.

feran: We regularly realise we can be smarter and add more final states, relax mass cuts,
improve methods. . .
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. >
HOW WILL OUR STATS SCALE IN RUN . 77¢
> Moy o,

RI+II 13-14TeV ,RIl Rl RIl 20187
N (14 JLedt o 0. THLT TTReco | el p
NRI 3fp L gl 8TV " RILRI RI 2014 ~[IBrain
< "o "HLT, "Reco ) ISl
ng_; N ~ M N~ >1
~LA 05-1 >1 5 ~1 ~1

=¥ 4-5 times the samples we already have.

=
0.05

Here precision on ¢s from = ..
JWKTK™ (now 0.049)
and adding Jbmwtao
(now 0.040)

—

.
0 50
L (at=13TeV) (b
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HOW WILL OUR SYSTEMATICS SCALE IN RUN II?

Take Bg — J K+ K™ [LHCb, LHCb-PAPER-2014-059, in preparation]

Quantity Al Os

Statistical 0.0091 0.049 | See previous slide
Mass factorisation 0.0007 0.002 | Tested on data
Signal weights 0.0008 Tested on data
Resonant background 0.0004 0.002 | Tested on data
Ang. Efficiency 0.0002 0.004 | MC stats

Decay time resol. 0.002 | MC stats

Track reconstruction  0.0029 0.001 | MC stats

Length scale

Cancels in Al's and ¢

As for many other LHCb measurements we are ages away from being

systematics limited.
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LHCB UPGRADE PLANS é‘;

@ 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 =» 2 x 1033
v Most of the detector can cope, efficiencies don't degrade

X LO saturates for hadronic

—~ 3 L
channels = .

e pr is not a 32.5 Fu nn
discriminating variable X LA 9y
any more = E v vy

© s
©1.5 |- © DK
= -
o 1
S I
205
O:.\. pllnnnnflnnnnilnnnnlln.
1

3 4 532
Luminosity (x10%)
Patrick Koppenburg
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LHCB UPGRADE PLANS é‘;

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 =» 2 x 1033

v Most of the detector can cope, efficiencies don't degrade
LHCb Upgrade Trigger Diagram

X LO saturates for hadronic AR T e
channels event building at full rate
L L L2

® prisnota [ LLT: 15-30 MHz output rate, J
discriminating variable select high Ev/pr (h*/p/Y)

any more : Software High Level Trigger
Full event reconstruction, inclusive and
= Read all out at 40 MHz t J

exclusive kinematic/geometric selection:
o Most of the electronics to be replaced
e Run HLT on all events

Run-by-run detector
calibration

@ Velo and Trackers replaced to cope with
higher multiplicity

[Add offline precision particle i ificati 1
and track quality information to selectionsJ

> I I
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AM T AN UNCLEAR
COMMUNICATOR?

Backup

.
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LHCB DETECTOR

Forward detector (b hadrons produced forward at LHC, (75+5413) pb

in accepta NCE [Physics Letters B 698 (2011) 14, arXiv:1102.0348])

e Warm dipole magnet. Polarity can be revers
v/ Good momentum and position (0
resolution .= |-

o Vertex detector gets 8mm to “\‘ i\

the beam ]

)
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http://arxiv.org/abs/1102.0348

LHCB DETECTOR & PERFORMANCE

Forward detector (b hadrons produced forward at LHC, (75+5413) pb
in acceptance [Physics Letters B 698 (2011) 14, arXiv:1102.0348])
e Warm dipole magnet. Polarity can be revers
v/ Good momentum and position
resolution
v’ Excellent Particle ID

LHde ta RICH1  LHCbdata
a (preliminar

g:’z Lich f:, LHCb " [
£ Preliminai E E Monle Clrln q -
2 F Gertvou je'r oy 1 ¥
H M I
osf g oo E|
ot Data 1 o MC E A )
oaf oaf- E O™
- 1 " i %
F T R T F R T R T \P"'

Momentum GeV/c Momentum GeV/c

IVth Implications Workshop [43/40]

Patrick Koppenburg Introduction


http://arxiv.org/abs/1102.0348

LHCB TRIGGER

Forward detector (b hadrons produced forward at LHC, (75+5413) pb

in acceptance [Physics Letters B 698 (2011) 14, arXiv:1102.0348])

o Warm dipole magnet. Polarity can be revers
v/ Good momentum and position
resolution
v/ Excellent Particle ID
v’ Versatile two stage trigger
o Hardware-based LO trigger:
moderate pr cuts =* 1 MHz
o Whole data sent to
trigger farm ;
o 3 kHz output rate (2011) .}
o 4.5 kHz in 2012 (some of it
deferred)
e ~12 kHz from 2015
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