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Integrated Luminosity (1/fb)

The LHCb Detector
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Forward arm spectrometer
> 2<n<5

» 0(pp—>X)iner = 60 mb
» 0(pp—>CC)ing ® 6 mb
» o(pp—bb),, ® 0.3 mb

» Produce 3x101! B’s per fb!

I 1 ! I I 1 I 1 1 1
3007 29/08 28/09 2810 2711 271z

Date NB: € "'1%

Bfys overview

Niels Tuning (6/37)



()

M







=




L HCD Upgraade




P~ s ,
2 PhD theses:
« Alexandr Kozlinskiy
« Serena Oggero

3 master theses: | < .
. Jesse Mesman | &

« Jacco de Vries ‘ 5 )

« Suzanne Klaver . B




MSC: Lennaert Be




~ s

o < . N =

| Glf& VI-University of (murfm;'r n. Gronin gen, Thw f‘w the H'rsmf% associated to 40 & '
A o ~ >
o 10 \3/ hef National Institute for Subatomic Physics, Amsterdam, The Netherlands RSt
H Nikhef National Institute for Subatomic Physics and VU University Amsterdam, Amsterdam, The

Netherlands a2t

{ o EPEERE Ny A N, L I £~ L RS R e 7 7 N



2013: a fruitful year!

/6 papers in 2013

Physics publications

LHCDb papers and conf notes submitted by year

70 B papers

B confs

60

50

40

30

20

10

2010 2011 2012 2013

year of submission

161 papers in total.
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2013: a fruitful year!

Catching up:
Physics publications

Papers published per year by LHC collaboration
(based on CDS search for "cemn-ph-ep-[year}-*)

140 ATLAS,CMS
120
LrlCe w=wATLAS
80 B CMS
&0 LHCh
“
LHC Experiments ﬂ
. - 2010 2011 2012 2013
- year of submission

12 Dec 2013 Bfys overview Niels Tuning (15/37)


https://cds.cern.ch/search?ln=en&cc=LHC+Experiments&sc=1&p=cern-ph-ep-2013-*&action_search=Search&op1=a&m1=a&p1=&f1=&c=ALICE&c=ATLAS&c=CMS&c=LHCb&c=LHCf&c=TOTEM

2013: a fruitful year!

This is what LHCb was built for!

New Physics
First
Rarest

CP violation in B.°
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2013: a fruitful year!

This is what LHCb was built for!

o New Physics in loops? BO—-KOptp-

- First CP violation in B0 system B—K*n~

= Rarest decays BO—putu-

g Time dependent CP violation in B.° B.—)/Wo

o Unitarity angley and Amg B—Dh* , B,9—>D,n*

Monumental Papers in 2013:

1)
2)
3)
4)
5)
6)

Measurement of form-factor independent observables in the decay B—K*0u+pu-

First observation of CP violation in the decays of B, mesons

Measurement of the B,>—»p*p~ branching fraction and search for B®—pu*u- decays at the LHCb experiment
Measurement of CP violation and the B% meson decay width difference with B%.—J/yK*K- and B%.—J]/yn*n- decays
Precision measurement of the BY - B °.oscillation frequency with the decay B°.—D-.n*

Measurement of the CKM angle y from a combination of B—Dh analyses

arXiv:1308.1707
arXiv:1304.6173
arXiv:1307.5024
arXiv:1304.2600
arXiv:1304.4741
arXiv:1305.2050
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http://www.arxiv.org/abs/1308.1707
http://arxiv.org/abs/arXiv:1304.6173
http://www.arxiv.org/abs/1307.5024
http://arxiv.org/abs/arXiv:1304.2600
http://arxiv.org/abs/arXiv:1304.4741
http://arxiv.org/abs/arXiv:1305.2050

Highlights

e This is what LHCb was built for!

- New Physics in loops? BO—-KOptp-
. First CP violation in B,? system BO—K*n~
= Rarest decays BO—putu-
o Time dependent CP violation in B.° B.—-1/Wo
= Anomaly? B(S)O—)'D(S)-M+X
g Unitarity angley B.O—D K*
- Exotics X-Y
12 Dec 2013 Bfys overview Niels Tuning (18/37)



B to what? [bi tu’ dze saj paj ke]

e That's the strength of LHCb:

many decays, many loops, many observables, many searches

|
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Flavour physics: Corner stone of Standard Model

Yukawa couplings Change quark basis Diagonal
(Higgs — fermions) Yukawa matrix

3
Y31 Y32 Y33

B Yu Yo Y B m, 0 O
LYukawa:Yij‘//i¢Wj —{ Yo Yy Y Qi O, O m O
0 0 m,

prof. J. Ellis
w w
J J
U d U d
P il ’ P il
b —d t b —d t, c,u
1 th’ Vcb’ Vub

“Flavour diagonal” “Flavour changing”
charge currents charge currents
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Highlights

e This is what LHCb was built for!
o New Physics in loops? BO—K*0utu-
"A prime example of new physics?”
Y T
a gE— LHCDb aeeacione 1 Modified Cy?
g-:f*’ | - oae 1 Hint of ' ?
ob— ' — |\ — — — — — —
-0.2- —
0.4} -
-0.6}- + —
-0.8}- —]v— —
"o "s\'y';o“”w””zlo

q2 [GeVZ/c?]
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Candidates /:

Highlights

This is what LHCb was built for!

. First CP violation in B.0 system B O—K*n~

Historical?

Acp(BY— K1) = 0.27 £ 0.04 (stat) £ 0.01 (syst)

History:

3001
200

100L

5.1

(c)

52 53 54 55 56 57
K*r invariant mass [GeV/c?]

12 Dec 2013

— 51

1964 : Discovery of CPV with K® (Prize 1980)
(d) 2001: Discovery of CPV with B% (Prize 2008)
] 2013: Discovery of CPV with BO,

4 55 56 57 58
K 7+ invariant mass [GeV/c?]
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Highlights

e This is what LHCb was built for!

= Rarest decays BLo—ptu- b é =
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http://arxiv.org/abs/1307.5024
http://arxiv.org/abs/1305.5059

Highlights

e This is what LHCb was built for!

o Rarest decays BLo—ptu- é ‘

See Siim’s Tolk!
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http://arxiv.org/abs/1307.5024
http://arxiv.org/abs/1305.5059

Highlights

e This is what LHCb was built for!

n Time dependent CP violation in B.°

BSOHJ/W(P

SO wRs
.\\““Bn o
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http://arxiv.org/abs/1304.2600
http://arxiv.org/abs/1304.4500

Highlights

e This is what LHCb was built for!

o Time dependent CP violation in B.? B.—-J/Wo

See Roel’s Tolk!

- unys> overview


http://arxiv.org/abs/1304.2600
http://arxiv.org/abs/1304.4500

Highlights

e This is what LHCb was built for!

= IA\nomaly’P B(S)O—)'D(S)-M+X

"“Two anomalies ?”

A, =D@: P(BL— BYO) # P(B.° - B.%)
AAcp = LHCb: N(D%-nr)/N(D°—nn) # N(D*—KK)/N(D°—KK)
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http://arxiv.org/abs/1303.2614
http://arxiv.org/abs/1308.1302

candidates / (0.1 ps)

Highlights

This is what LHCb was built for!

ps

Candidates/0.1

[ ]
= (Unitarity angley), Am, B —D nt
- : 03B 0
The text-book plot: P(B.Y 2B.)(t)
i o Tagged mixed - g
- Tagged unmixed g "g
400~ ¢ —— Fit mixed g Q
B RS O O
i LY W Fit unmixed = <
2001
I < Acceptance
0

3 4

decay time [PS] 3fys overview

B,—»Dn" _'

Amg=17.768 ps’j _E
0.=0fs
w=0.

i p\/\/\/&f\m

decay time t (ps)

— T
B.— Dt E
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decay time t (ps)



Highlights

This is what LHCb was built for!

o Unitarity angle y B.O—D K*
o,faD
S
12 Dec 2013 Bfys overview




Highlights

e This is what LHCb was built for!

= Unitarity angle y B,>—D K*

Least known parameter in unitarity triangle:
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Determination of y with B, -D K+

| 1) Signal & Backgrounds

10

L/

\ TRy

>
s LHCb Preliminary L =101’
< == Data
5 0 SmmlBaDK
;j l:l B:d )H D{ )K
2 [ ) g’rp
g A, - D
9] B A=A
100 B B, - DK
I Combinatorial
Yo s smw o s0 S0 w0 S 0
meBs Mem
B 2) Acceptance
°g000
i LHCDb internal
Fooo D.K MG
I'g‘;()OO
4000
3000
2000
1000
° I 2 — 4 ﬁ"‘?"‘—‘ é 1I0 11% lifeti 1l4inp
o 3) Decay time resolution > t
;_2: ; LHCb preliminary
= L Simulation
2 3
=107
R
E L
10% &=

-400 -300 -200 1()() () 1()() ’7()()

4) Flavour Tagging
12 Dec 2013

300 4()()

2>"At

Candidates/(0.2 ps)

Time fit

T T =]
5

| —— Data
F = Combined
[ =—— B,— DK"

[ === B,— D.K’
R Untagged D l(+

- «eeem Untagged D K

LHCb Preliminary 1.0 b’

2 4 6

10 12 14
T {BS — D, K) [ps]

o Expect y with ~ 289 precision
o Improve with 2012 data
o LHCb average now: 679+ 120
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Determination of y

| 1) Backgrounds (from mass fit)

S
f LHCh Pleljminl[\L =101’
= == Data
5 0 SlnmlBaDK
0 By DK
2 [ ) g
g C 1. \b_)D]J}
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I Combinatorial
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_ 2) Acceptance vs decay time
000
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3) Decay time resolution
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4) Flavour Tagging
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Determination of y

drBsﬂ—}f(t}

B~ |Af|2[l + |)\f|2) (cosh (%) + D¢ sinh (%) + Cscos (Amt) — Sfsin (ﬂmt])
d;ﬁtifﬁft} ~  |Ag)? ‘%‘2 (1+ 1A¢?)  (cosh (4F) + Dysinh (AF) — Cfcos (Amt) + Sy sin (Amt))
dr- _
%&ﬂ% ~ Az 12(1+ |%[%)  (cosh (A1) + Dgsinh (A5) + C; cos (Amt) — S; sin (Amt))
% |Az|? \%\2 (1 + 13]2) (cosh (%) + Dz sinh (%) — C; cos (Amt) + S sin (.&mt))
-+
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“Side products” of b — Dh analyses

1) Measurement of BR(B.° -D_K*), BR(B,> -»D. n")

— Too small with 1 fb-1?
(see De Bruyn, Fleischer et al, arXiv:1208.6463)

2) Measurement of f_/f, with B, -D n*

- Largest systematic unc. for BO—p+pu-
(see Fleischer, Serra et al, arXiv:1004.3982)

3) Measurement of BR(B.* -»B.n")
— First weak B-to-B decay, largest weak BR(B),

source of B, mesons?

4) Measurement of f,, /f; and BR(A.,° A ™)

] . A9 DECAY MODES Fraction (;/T) \
— Reference BR for A,° physics, PDG on A.° is empty:{ioisnse - ) P ——
S (5.71542) x 1073
A} ay(1260)~ seen
lzi"i'r*?r?r (8 fg ) x 10~ 3
12 Dec 2013 Bfys overview ¢~ Tanything vl (9.8+£2.2) %



http://arxiv.org/abs/1208.6463
http://arxiv.org/abs/1004.3982
http://arxiv.org/abs/1301.5286
http://arxiv.org/abs/1308.4544

Highlights

e This is what LHCb was built for!

. Exotics X-=Y

“LHCb is the forward GPD detector”

See Maurizio’s Tolk
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Conclusions

1) 2013 fruitful year for LHCb and our group

2) Highlights from LHCb

n New physics in loops? ﬁo—«*opﬂr Z'? \
=  First CP violation in B, system BO—K*n~ historical

3) Highlights from the group

= Rarest decay BO—ptu- BR
o CP violation in B2 system B.—1/Wo P,
= D@ Anomaly? Bis)’=DntX Ay
=  Unitarity angley B,°—DgK* Y

= Exotics Q_w NP ?| M riZO]

Siim

Roel

4) All results statistics limited, upgrade will improve

Eddy | |
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Backup
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Determination of y

1) Measurement of the CKM angle y from a combination of B—Dh analyses arXiv:1305.2050

Improved constraints on y from B*—DK#* decays including first results on 2012 data LHCb-CONF-2013-006

o Relative weak phase of two amplitudes in B*—-DK* decays: y

e Combine 4 measurements (with CLEO input) to determine y

- B*-D(K¢ontn)K* (2 fb1, “"GGSZ") LHCb-CONF-2013-004
- B*-D(K¢ontn)K* (1 fb1, “"GGSZ") LHCb, PL B718 (2012) 43
- B*-D(h*h)K* (1 fbl, "ADS" & "GLW") LHCb, PL B712 (2012) 203
- B*-=D(n*Kntrn)K* (1 fbl, “ADS") LHCb, PL B723 (2013) 44
__] 1 _' L : [ ] T L L L '_
o - | | LHCb -
@) 1 B : i
v = (67 £ 12)° at 68% CL| <5 i
06 L '67:3 |
Belle 68 %14 sl | ]
BaBar 69 17 16 e 083% ]
LHCb 67 +12 021 N
B c) ]
> W|th_a_II data analyzed, foresee a 0555 e o e T e o
precision of ~7° v [°]
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http://arxiv.org/abs/arXiv:1305.2050
http://cds.cern.ch/record/1537822?ln=en
http://cds.cern.ch/record/1537822?ln=en
http://cds.cern.ch/record/1537822?ln=en
http://cds.cern.ch/record/1537822?ln=en
http://cds.cern.ch/record/1537822?ln=en
http://cds.cern.ch/record/1537822?ln=en
http://cds.cern.ch/record/1537822?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://arxiv.org/abs/1209.5869
http://arxiv.org/abs/1203.3662
http://arxiv.org/abs/1209.5869

Determination of y

1) Measurement of the CKM angle y from a combination of B—Dh analyses arXiv:1305.2050

o Relative weak phase of two amplitudes in B*—-DK* decays: y

What can happen when two amplitudes contribute to a decay:

Complex plane:

o,

~

CP
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http://arxiv.org/abs/arXiv:1305.2050

Determination of y

1) Measurement of the CKM angle y from a combination of B—Dh analyses arXiv:1305.2050
Model-independent measurement of CP violation parameters in B*—(K%h+h~),K* decays LHCb-CONF-2013-004

o Relative weak phase of two amplitudes in B*—-DK* decays: y

e Compare B—-D(Kn*n)K- with B*—-D(K%ntn)K*

Candidates / (10 MeV/c?)

(Ks® decaying after VELO)
30077
LHCD preliminary

[Ldr=2.01b"

— DKi
— Dni

winn Combinatorial

1004

mmmr [ ow mass

5500 5400 5600 3

m(DK") [MeV/c?]

12 Dec 2013 Bfys overview

5 800 “"How can a complex number affect the total amplitude?”
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http://arxiv.org/abs/arXiv:1305.2050
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
http://cds.cern.ch/record/1528599?ln=en
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Electroweak penguins (B°—K*u*u— and friends)

2) Differential branching fraction and angular analysis of the decay B®—K*u+u- arXiv:1304.6325

e Many EW penguin decays studied:

- Differential branching fraction and angular analysis of the decay B, —»¢p*+p- arXiv:1305.2168

- Search for D*— n *p*u~ and D* —n-p*p* decays arXiv:1304.6365

- Measurement of the BO—K*9e*e~ branching fraction at low dilepton mass arXiv:1304.3035

e Very rich “laboratory” !
e Many decays & observables

e New particles affect couplings

e Modify SM couplings, like C,, Gy, Cyp
e Add righthanded couplings, like C’,, C'y, C';,
e Add other couplings, like CMg , COYy

» Large variety of possible modifications to observations!

Het = —Gr-a/V2r- ViV (COi+ ClO))
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http://arxiv.org/abs/arXiv:1305.2168
http://arxiv.org/abs/arXiv:1304.6365
http://arxiv.org/abs/arXiv:1304.3035
http://arxiv.org/abs/arXiv:1304.6325

Electroweak penguins: BO—K=u+u-

Candidates / { 10 MeVic? )

Candidates / { 10 MeVic?)

5800
m(K'w )

[MeVie?]

LHCb

43 <q? < 8.68 GeV3/ct

40

LHCb

1418 = ¢* < 16 GeV/ct

4

5400 5600
m(Ki )

[MeVic?]

Candidates / { 10 MeVic?)

Candidates /{ 10 MeV/c?)

&0

0 o Y N,
5200 5400 5600

LHCb

LHCb

m{K ) MeVie]

2) Differential branching fraction and angular analysis of the decay B°—K*Ou+pu- arXiv:1304.6325
= g L L A B — &0 T+ ‘T ‘T T T T == d
s LHCb = LHCb
2 01 =qf <2 GeVict = L 2<qg® <43 GeVict
2 sl = 2 a0 - _~
= O signal =
é i [ Combinatorial bkg | é = S
z u- I Peaking bkg - 2 —_—
S | 3 |1 : )24

Theory EEBinned

——| HCb
& 15T
S -
3 LHCb -
q-o 1 fb-l N
x 1 -
I~ -
[ i
C_ﬂg" 05 ]
S of! —+ -
0- — N B P N
0 5 10 15 20

> Accurate measurement of dI'/dg?

» In agreement with SM

12 Dec 2013
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http://arxiv.org/abs/arXiv:1304.6325

Electroweak penguins: BO—K=u+u-

2) Differential branching fraction and angular analysis of the decay B°—K*Ou+pu- arXiv:1304.6325

Theory M Binned
——| HCb b

LHCDb

\""N ‘
A
" =

u |
L
<

0.5

t

_-"l 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1

0 5 10 15 20
g2 [GeVZ/cY

> In agreement with B-factories, CDF, ATLAS and CMS
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http://arxiv.org/abs/arXiv:1304.6325

Electroweak penguins: BO—K=u+u-

2) Differential branching fraction and angular analysis of the decay B°—K*Ou+pu- arXiv:1304.6325
Th Il Bi d - d
eory inne
-8~ L HCb - ATLAS CMS b =0 s
n n L L] n L L] —_— ‘ ‘
p - - - s ==
< Y i I
H

0.5

I

O
(9]
rTrr[rri

i

> In

10

5 20
g2 [GeV?/c4

agreement with B-factories, CDF, ATLAS and CMS

12 Dec 2013
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http://arxiv.org/abs/arXiv:1304.6325

Electroweak penguins: BO—K=u+u-

2) Differential branching fraction and angular analysis of the decay B°—K*Ou+pu- arXiv:1304.6325

d
Theory M Binned

&~ LlHCb =#—= CDF =% BaBar -l Belle ==~ ATLAS CMS

o T , ' , -
< - Iz
1 IZ

-

]

i PP B

10 15 20

g2 [GeV?/ c?]

> In agreement with B-factories, CDF, ATLAS and CMS
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http://arxiv.org/abs/arXiv:1304.6325

LHCb: “forward GPD”

a Measurement of the cross-section for Z—uu production with 1 fb=1 of pp collisions at Vs=7 TeV LHCb-CONF-2013-007
a Graphical comparison of the LHCb measurements of W and Z boson production with ATLAS and CMS LHCb-CONF-2013-005
<7000 — 1 T =]
] Test the SM % 6000 LHCb preliminary /\ Z_)lle E
I —e— Data * " 1 fb-l 3
. 7 - | { =
e Constrain the pdf's — 5000 -
. . . 2 4000 IS =
e Scrutinize lepton universality 5 1000 3
it ? ° =
2000 J \ =
1000 ) —E
0 i . Posnas =
60 80 100 120
Dimuon invariant mass [GeV/c’]
LHCb preliminary
o Z— uu ——
A 711 —
NNLO{MSTWOS)
50 60 70 80 90 100,
o(Z— 1) [pb]
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http://cds.cern.ch/record/1537825?ln=en
http://cds.cern.ch/record/1537825?ln=en
http://cds.cern.ch/record/1537825?ln=en
http://cds.cern.ch/record/1537825?ln=en
http://cds.cern.ch/record/1537825?ln=en
http://cds.cern.ch/record/1537825?ln=en
http://cds.cern.ch/record/1537825?ln=en
http://cds.cern.ch/record/1529709?ln=en
http://cds.cern.ch/record/1529709?ln=en
http://cds.cern.ch/record/1529709?ln=en
http://cds.cern.ch/record/1529709?ln=en
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Lepton charge asymmetry
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LHCb: “forward GPD”

a Measurement of the cross-section for Z—uu production with 1 fb=1 of pp collisions at Vs=7 TeV
a Graphical comparison of the LHCb measurements of W and Z boson production with ATLAS and CMS LHCb-CONF-2013-005

LHCb-CONF-2013-007

e Test the SM
e (Constrain the pdf’s

e Scrutinize lepton universality

> LHCb becomes “Forward GPD”

N p{r > 25 GeV/c
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e LHCb 2010, W— pv
A CMS 2010, W— pv
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LHCb and heavy ions

Study of the J/w production cross-section in proton-lead collisions at Vsyy=5 TeV

e Collected 2 nb-1 of pA+Ap data
- Results based on
0.75 nb! pA and 0.3 nb! Ap
® Unique acceptance coverage

- pp: 2<n< 5
pA: 1.5<n< 4.5

Ap: -5.5 <n< -2.5

LHCb-CONF-2013-008
LHCDb Integrated Luminosity at p-Pb 4 TeV in 2013
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LHCb and heavy ions

Study of the J/w production cross-section in proton-lead collisions at Vsyy=5 TeV LHCb-CONF-2013-008

e Measured J/y production =P iy ]
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