Heavy flavour and
search for new physics at LHCDb

& Justine Serrano
Centre de Physique des Particules de Marseille

Congres de la SFP, Marseille, 1° juillet 2013



Flavour In the SM
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are allowed through charged weak interaction q e i
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Flavour In the SM

» The quark mixing angles have a special hierarchy -

u C t

d S b

We don’t know why

But the consistency of the CKM picture has
been tested experimentaly with a great precision

1=

winter13
SM fit

= There is no flavour changing neutral current at the tree level in the SM
FCNC are only possible through penguins/boxes diagrams so there are highly

= CP violation is explained by the phase of the CKM matrix
It could be connected to the matter-antimatter asymetry of the Universe

NP @ LHCb

suppressed.

Justine Serrano




The indirect search for new physics

NP particles can virtually enter in the loop processes and modify the prediction
of the SM for physics observables. Ex: BR(B,—u*w)

b ot
q z°
SM WS NP
1 i}
s M

« indirect » because the NP particle are not explicitely created and observed in
the experiment
The goal is to look for deviation from SM prediction. The rules of the game are
» great precision of experimental measurement (statistics)
» great precision of theoretical prediction

These searches have been largely successful in the past:

« Ex: heavyness of top quark (observed in 1995 at the Tevatron) through the B
oscillations (1987 by ARGUS)
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The new physics scale

= NP contribution can be expressed as a perturbation to the SM lagrangian

g NP coupling

C
Lerr = Lsy + %

<

™~ NP scale

= |f NP particles are discovered at the LHC, we are able to study the flavour
structure of the NP

= Flavour physics can probe very high energy scale (even beyond the LHC
reach)

= Considering the present experimental constraints in flavour physics:
« IfC=1, A~ 0O(100TeV)
« If A~1TeV (quantum stabilization of electroweak scale), C ~ O(107).
Where is this suppression coming from ?

= This is the NP flavour problem. The flavour strucure of NP should be
highly non trivial.
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Where to look ?

= Different observables give different constraints on different NP models

LHCDb Physics program:

B decay to charmonium » Charmless B decay
B, mixing, CPV B —hh’, B ->VV

B decay to open charm » Semileptonic B decays
v, B decay to double charm, rare Search for CPV in mixing, form
hadronic B decay factors, rare decay

» Rare decays * B hadron and quarkonia
leptonic, electroweak, radiative, Production and spectroscopy
LFV

* QCD, electroweak and exotica

* Charm physics EW boson production, new long

Mixing and CPV, charm lived particles
production and spectroscopy

| will focus on : BR(B,;—p*1), CP violation in B, mixing, CKM angle y
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LHCDb

» Forward spectrometer optimised for heavy -
flavour physics at the LHC 7 b M

- Large acceptance 2<n<5 5 iy
* Low trigger thresholds

* Precise vertexing

« Efficient particle identification

« Large boost (B mesons flight ~1cm)
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The LHCDb Collaboration

-~ J
"

//,:./

untries 65 instjtutes

LR

/,

WA
T
W

W
SR\ N\

Justine Serrano

NP @ LHCb



Interest of By,;—p

= FCNC and helicity suppressed decays

* Precise SM prediction:

BR(B.—u*w)= (3.23+0.27) x10°
BR(By— p*w)= (1.07£0.10) x10-20
A.J.Buras: arXiv:1208.0934

Taking Bs oscillation into account,
measured BR should be compare to:
B(BY = u*tu )exp = (3.54 £0.30) x 107°

= Possible new particles in the loops
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Very good pace to look for physics beyond SM
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NP @ LHCb

Experimental picture

90% C.L. Upper Limits
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Significant enhancements ruled out for BR(B,—p*w)
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Spot the differences

Uy

= Geometrical variables: Impact Parameters,
Distance of Closest Approach, isolation — Boosted decision tree

=  Kinematic variables: Transverse momentum
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Bkg only p-value:

0 +,,7) — +1.5 -9
B(B) » utu™) = (3.2%13) x 10 5 3%10-4
3.5 0 excess
o, N T T T T T T T T T T 7
E 14F LHCh FIRST EVIDENCE
o 12F 10 fb ' (TTeV) +1.1 fb '(8TeV) ]
>, - BDT>07
o 10F =
ln I~ -
N - ] Full PDF
= 8 g - Bl-uw
QL - ] B —=utw
—g 6F e Comb. ba'ckground
S - E B—h"h
g 4 - 1 Bo - ut Vi
O of ‘l’ + ] B =
0 6000
m,, - [MeV/c?]

B(B° -» utu™) <9.4x1071%at 95% CL (7.1 10~ %expected)

Results published in Phys. Rev. Lett. 110, 021801 (2013)

We still have another 1 fb! of data to be analysed
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In summary

=L ATLAS 1
: : _ A = 1 95% contours by
Experimental picture: S al CDF | 1 adronic machine
(should change in the L | experiments
coming weeks!) 2 b ]
r CMS i
O T T e s 20 s a0 35
B(BS - u* ) [107]
20—
. _ Ruled out at 95% CL
NP picture: .
15 F MSSM-LL

10° x BR(By — pHp™)

arxXiv 1205.6094
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CP violation in B, mixing

B, oscillation studied at high precision at LHCb (arxiv:1304.4741)
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» Tagged mixed

o Tagged unmixed

Fit mixed

----------- Fit unmixed

0 I 2 3 4

decﬁy time [ps]

Am, = 17.768 £ 0.023 (stat) = 0.006 (syst) ps

NP can enter into the mixing amplitude, accessible via interference
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ds In B — J/wo

» Interference between mixing and decay
gives rise to a CP violating phase ¢,

= Very precisely predicted in SM

*

#M ~—2arg| Y=Ve | ~0,036+0.002 rad
AYA

CsS " CS

Charles et al, PRD84 (2011) 033005
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= B.,— J/y¢ is a mixing of CP odd and even final state. Need an analysis

Time dependent
Tagged
Full angular

Should measure also Al',
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ds In B — J/wo

Phys. Rev. D 87, 112010 (2013)
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ds IN By — J/Wo
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= Combined result with B, — J/p mrr: arXiv:1304.2600
¢, = 0.01+0.07+0.01 rad

= Good agreement with the SM prediction
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The CKM angle y

= |f NP enters only at loop level, it is interesting to compare tree dominated
measurements with loop dominated measurements

Trees + loops

Trees = r
L UTﬁ't
1_ winter13
= [ Uit Y
1~ 0.5:
0.5 of
[ Vao :
i v, 0.5)
Vg Vi
— ar ( u ‘:_’,P) 1
Y g Veg v.::b

= |mportant to improve y from tree: B —» DK
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y from B —» DK

w-,
b i
B Vcb
u

Relative magnitude

I's
relative phase &;-y

= Many analysis using different methods

= LHCb Combination: y = (67 = 12)°

= Compare to:

NP @ LHCb

Belle: (6917 ;) °©
Babar: (68*1>_,) °©

Prediction from fit: (68.6 £ 3.6)° UTFIT

Prediction from fit: (68.0™*1, ;) © CKMFitter
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Future: LHCb upgrade

= New physics has not shown itself clearly at the LHC

= Essential to improve measurements of precisely predicted quantities
—Need more statistics: LHCb upgrade

= [nstallation during LS2: 2018

= Main limitation that prevents expoiting higher luminosity is the hardware
trigger limiting the output rate at 1 MHz

= Propose to remove the hardware trigger and read out LHCb at 40MHz
crossing rate

= increase yields by 10-20 at 1-2 1033cm?s-1
— aim to collect 50 fb-?

= LOI submitted to LHCC in March 2011, Framework TDR submitted in may
2012, all detector TDRs by end 2013
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What we can expect

LHCb

= LHCb upgrade: Expect 5 fb! per year after 2018

Type Observable Current LHCb Upgrade Theory sgnRopm
precision 2018 (50fb™ i ) uncertainty
B? mixing 285 (BY = JfY ) 0.10 [9] 0.025 0.008 ~ 0.003
28, (B® — JA fo(980)) 0.17 [10] 0.045 0.014 ~ 0.01
Ag(B) 6.4x 1072 [18] 06x10~% 02x10"* 0.03 x 103
Gluonic 28 (BY — ¢9¢) 0.17 0.03 0.02
penguin 28 (B? — K*°K*?) - 0.13 0.02 < 0.02
28%(B° — ¢K?) 0.17 [18] 0.30 0.05 0.02
Right-handed 281 (BY — ¢) 0.09 0.02 < 0.01
currents 8(BY - ¢v) 0.13% 0.03 % 0.02%
Electroweak S3(B” = K*utp=;1 < ¢*> < 6GeV?/c?) 0.08 [14] 0.025 0.008 0.02
penguin so App(B® = K*%utpu™) 25 % [14] 8 % 2.5% 7%
Al(Kptp—;1 < g2 < 6GeVH) 0.25 [15] 0.08 0.025 ~ 0.02
B(Bt -5 ntutu™)/B(BY - Ktutu) 25 % [16] 8 % 2.5% ~ 10%
Higgs B(BY — ptp) 151672 U5xX1077 .BXxI0rY 03x10°°
penguin B(B® - utp~)/B(B? — utp) ~ 100 % ~ 35% ~ 5%
Unitarity v (B - D®K®™) ~ 20° [19] 4° 0.9° negligible
triangle v (B? —» D,K) - 11° 2.0° negligible
angles B (B = J/Y K2) 0.8° [18] 0.6° 0.2° negligible
Charm Ar 2.3 x 10~ [18] 0.40 x 10~° 0.07 x 10>
CP violation AAcp 2.1x 1073 [5] 0.65x 10~ 0.12x 1073

Justine Serrano
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Conclusion

= Direct and indirect searches for new physics are both needed and
complementary

= LHCb is probing beyond stantard model physics in different ways

= For the moment, the agreement with the SM is very good... but the search has
just started!
* Most of analysis published with <2 fb-1, still more data to analysed

 LHCD is preparing upgrade for 2019
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Success of the indirect method

= Several predictions made in the past ~40 year. As exemple, the charm quark
from K decays or top quark through the B° oscillations:

v

d b 2 x d
o~
g=t,c,u + g=t,c,u
b d KX b
Vi Vo
inated by th K foem2.V [ “A°
Dominated by the top quar t—1 ocm, ’th 4 | °cm

B°B° mixing: ARGUS, 1987
Phys.Lett.B192:245,1987

First hint of a

mt
GeV/c?

2
] ps~’ —p | really large Mygp!

directly observed in 1995

AM, ~ o.ooooz-(

~0.5ps™
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Fit projections
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A nice signal candidate!

13.5.2012 8:24:38
Run 115275 Event 1941832142 bld 1447

B candidate: mu = 5353.4 MeV/c? BDT =0.826
pr =4077.4 MeV/c T =2.84 ps
Muons. Pru += 2329.5 MeV/c Pru— = 4179.4 MeV/c
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Analysis strategy

= Selection
* muon-based trigger
« Soft selection to reduce size of dataset 5%
* Similar to control channels (By,s — h*h", B*—J/yKY) AN R
- Blind signal region (Mg4-60MeV, Mg +60MeV) -' S

my,, [MeV/e?]

—

= Signal and background discrimination: | - BDT
* boosted decision tree combining kinematic and geometrical properties
* Invariant mass

= Data driven calibration through control channels to get signal and background
expectations

» Translate number of observed events into branching fraction measurement by
normalizing with channels of known BR

= Limit measurement using the modified frequentist CLs method in bins of mass and BDT

= BR measurement using a maximum likelihood fit
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Experimental observable

Neutral By mesons undergo mixing:
(F(BO(t) - f)) = RLeTit 4 R e~ Tit

Experimental observable is the time integrated 7:

1 oo
BB = Plexy =5 | (r@BIO) - e
0

Theoretical definition for the prediction:

BGBY = finea = 2(rB2O > M| _

Time integrated prediction:

De Bruyn et al., PRL 109, 041801 (2012), uses AT, from LHCb-CONF-2012-002
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CPV In charm decay

A(A) = AP (D° — KTK™) — AP(D° — o)
Results with 2011 data, [LHCb-CONF-2013-003], [arXiv:1303.2614]:

A(AY) prompt = [—0.34 & 0.15(stat) & 0.10(syst)] %
A (AP )cemilep = [0.49 4 0.30(stat) + 0.14(syst)]%

T T T T T T |

BaBar
&
CDF
. . . —a—
@ Previous evidence not confirmed
: Belle
with update. —
L.HCblgﬂr;Eiminary (pion tagged)
@ More precise/complementary LHCD (zon tageed)
. 1
measurements coming soon. _ 108
Naive average
i
1 1 | | 1 I. 1
-1 0 1
AAcp (%)
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40 MHz Detector Upgrade

CALO
Silicon Trackers (Reduce PM gains
Si Strips replace FE)

(replace all)
VELO

Si Strips
(replace all)

— or
RICH ——=Central Tracker il

__replace HPD = ¢ scintil. fibers _x—exf
+ FE

Replace all R/O boards
+ DAQ network
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