Experimental [3avour
physics at the HL-LHC

Patrick Owen,
on behalf of the LHCb, CMS and ATLAS collaborations

HL/HE-LHC final jamboree
01/03/19

S8 %) Universitat
évvv. - .vvv:/ Zij richUZH




A new era of precision

e |t’s a cliche, but we will be entering into a new era of precision.
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e At ATLAS and CMS, 10° B-hadrons (B-factory dataset) will be produced every ~20

seconds.
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Normalized Entries

How are we going to cope?

* More difficult to reconstruct secondary vertices and trigger efficiently in a high

pile-up environment.

e Approx T ok produced in each bunch crossing.

* Need more complicated information available earlier in the trigger.
CMS-PAS FTR-18-041
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e Detector improvements will help mitigate, and some cases even improve
upon the run I/ll performance.


https://cds.cern.ch/record/2244311/files/PII_EoI_final_v3.pdf
http://cdsweb.cern.ch/record/2650772/files/FTR-18-041-pas.pdf
https://cds.cern.ch/record/2317211/files/ATL-PHYS-PUB-2018-005.pdf

What am | talking about

* Impossible to do the entire HL-LHC flavour physics programme justice in
35+5 mins.

* | will try to focus on some important measurements which have unique
benefits from the HL-LHC.

* New physics with beauty quarks and prospects for the anomalies.
e Unitarity triangle tests.
* New physics with the second generation.

e Hadron spectroscopy

* Much of the content comes from WG4 of the HL-LHC report:
arXiv:1812.07638



https://arxiv.org/abs/1812.07638

Rare B decays

Sensitive to NP heavier than machine energy.

- As they are rare, unlikely to hit systematic uncertainties. Excellent
opportunities with the HL-LHC.

- Many observables have very precise SM predictions.
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Precise prediction, limited by [Veb|. Bou(B'— M 1) = (3.65 + 0.23) x 109

Experimental uncertainties for Bs
mode will be dominated by fs/fq.
arXiv:1812.07/638
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Bsm (B — p ™) = (1.06 + 0.09) x 10~ 1°
[PRL 112 (2014) 101801]

e Improvements to the mass

resolution in CMS and ATLAS will
help reduce correlation between B°
and Bs? modes.

Plenty of points allowed by current
measurements that can be probed.

N.B. the fs/fq uncert is more conservatively projected for ATg AS.


https://arxiv.org/abs/1812.07638

CMS-PAS FTR-18-013

Bs ! W' observables

* Only measure the difference in right and left-handed couplings
with the branching fraction.

3 ab (14 TeV)

CMS Phase-2

—e— weighted toy (BS)

Simulation Preliminary

This LH/RH degeneracy can be broken
by an effective lifetime measurement.

Estimated precision of effective lifetime
2-3% for both CMS/LHCb.

LHCDb expects ~ 100 perfectly tagged
events for CP asymmetry
measurement.

Also interestinB.) ! p* ' ! forthe
vector coupling.
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http://cdsweb.cern.ch/record/2650545/files/FTR-18-013-pas.pdf

Semileptonicb! sé¢ decays

e Access to many different operators.

. ATLAS-PHYS-PUB-2019-003 CMS-PAS-FTR-18-033
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https://cds.cern.ch/record/2654519/files/ATL-PHYS-PUB-2019-003.pdf
https://arxiv.org/abs/1812.07638
https://cds.cern.ch/record/2651298

Its not all about Ps0

 Easy to forget that there are many K*up observables which are
very theoretically clean.

Experimental sensitivities combining

W. Altmannshofer et al, Eur. Phys. J. C (2013) 73: 2646 ATLAS, CMS and LHCb
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e Start to discriminate different NP scenarios (described in detail in
the report).


https://arxiv.org/abs/1812.07638

Lepton universality tests

¥ Lepton universality tests unlikely to run into theory issues anytime soon.

arXiv:1812.07638
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¥ Signibcant gains in precision for these measurements at the HL-LHC.
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LFU Inb'!

Lepton universality tests with b! ¢!
B(B! D))

c!" decays

were a surprise package in run |.
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¥ Belle-Il expects to make precise measurements for the R(D®™) ratios.

¥ Expect precise results even with exotic decay modes.
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https://arxiv.org/abs/1812.07638

b! c!" angular analysis

If NP can affect the b! c!" decay rate,
then it can also affect how the decay
products are distributed in space (angular
distribution).

Belle-Il physics book
7 7

P, (D)

Belle 1l Projection

¥ Around 10M signalB ! D'!" at LHCb
In the HL-LHC. Expect to make world
leading angular analysis
measurements.
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https://arxiv.org/search/hep-ph?searchtype=author&query=Becirevic%2C+D
https://arxiv.org/search/hep-ph?searchtype=author&query=Fajfer%2C+S
https://arxiv.org/search/hep-ph?searchtype=author&query=Nisandzic%2C+I
https://arxiv.org/search/hep-ph?searchtype=author&query=Tayduganov%2C+A
https://arxiv.org/abs/1812.07638
https://arxiv.org/abs/1808.10567

Lepton [3avour violation

Glashow ,!Guadagnoli ,!Lane, 2014

¥ Naturally get LFV signatures from NP inducing LFU violation.

¥ Expectb!

sluandb!

SHE signhatures.

¥ LHCDb expects to improve the sensitivity
to these decays by order and order of
magnitude, e.g. B(Bs < !u) < 3! 10 °©

ATL-PHYS-PUB-2018-032
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¥ The golden channel! |
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Bordone ,!Cornella ,!Fuentes-Martin _,!lIsidori , 2018
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3 is expected at a

sizeable rate for many NP models, including

SUSY.

¥ Can probe this down to the 10-°level at the

HL-LHC.

¥ Can conbPrm and complement the sensitivity at

Belle-Il.
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Prospects for high p rsignatures

¥The b! séfand b! c!" anomalies have associated high prsignatures.

¥ The LFU ratios R(D®) in particular point towards TeV scale NP.

¥ For example, its difbcult to avoid a contribution topp! !!

Two scalar LQ model for B! anomalies
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¥ For the vector LQ scenario, can eat into signibcant part of the parameter space

favoured by the anomalies.
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Prospects for high p tsignatures

¥ Other more model specibc scenarios can also be tested at HL-LHC.

¥ For example, a ZO boson can affectthé | sf¢ decays and can be tested.

14 TeV, 3ab *, MDM Model — 10° ———————HL-LHC projection (14 Tev)
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, |Ey R LD w/ stat. uncert. only -
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1.5/ s | i n
10/ ]
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Allanach ,!Corbett ,!Dolan,!You mz [TeV]

CMS-PAS-FTR-18-008

¥ In addition, many other leptoquark models phase-space can be covered with
various decays.
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CKM unitarity tests

¥ Testing CKM unitarity remains a vitally important method to search for new
physics.
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The CKM angle ! at the HL-LHC

¥ The importance of precision auxiliary measurements is key

for the ultimate precision of !.

¥ BESIII will play a vital role.

¥ Ultimately not expected to be limiting.

arXiv:1812.07638
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¥ All the golden modes are expected to scale
with luminosity in the HL-LHC.

¥ Ultimate precision to be dominated by
LHCD, at the level of around 0.4 degrees!
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'Vub/Veb

¥ The other important tree-level constraint is the ratio of CKM element

magnitudes, |Vun/Veb|.

¥ Given the controversy, a diversity of measurements is important.

1.6

Effective luminosity scaling
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¥ Combined progress in experimental and = °
lattice uncertainties can allow for a
determination at the level of less than 1%

1.7

1.5¢
1.4}
1.3r
1.2}
1.1

arXiv:1812.07638

0 50 100 150 200 250 300 350 400
Thickness of RF foil (mm)

competitive with Belle-Il.

¥ Any interesting feature is that the statistical
uncertainty (and kinematic resolution)
scales linearly with the amount of material
In RF foll of the VELO.

arXiv:1812.07638
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Mixing In the B system

¥ "m sq dependent on improvements lattice uncertainties (which are expected).

¥ CPV Iin mixing on the other hand is very precisely predicted.

1 (Bg! f)" ! (Bg! fﬁ)# "
rBYr f)+ 1B B " M,

q
tan! |,

¥ Key experimental aspect is the detection
asymmetries. Need.:

arXiv:1812.07638
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¥ ~equal data from both magnet polarities.

LHCb Run 1 (3/fb)
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¥ We will actually be able to OseeO the

—
—
|
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The CP violating phase ! s

¥ The CP violating # s will remain an excellent null test of the SM in the HL-

LHC era.

¥ As long as we can control penguin pollution

¥ Testing SU(3) will be important.

oscillations in J/$# decays!
arXiv:1812.0/638
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¥ Improvements to the time resolution for
allow ATLAS and CMS to remain
competitive.
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I s from charmless decays

¥ The combination of mixing and penguin diagrams can maximise

sensitivity to new physics.
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¥ LHCDb will get a precision on #s similar to
that from tree-level decays with 23fb-1.
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¥ Very interesting to see capabilities of CMS
on B! Il decays.

arXiv:1812.07638
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NP scale ! (TeV)

¥ The HL-LHC will have a
huge impact on the UT.
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probe the TeV scale.
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Flavour physics with second generation

o With flavour blind NP couplings, measurements of kaon
and charm physics become the most sensitive.
A[TeV]
10° -
105 ¢

CPV
10%
103_ CPC
—

10+

J. Phys.: Conf. Ser. 556 012001

k9-g0 po_p0 pBO_BO BB

* |n addition, charm physics probes up-type quark couplings,
complementary to B and K decays.
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Charm mixing and CPV

* \We are looking at billions of reconstructed charm signals at

LHCDb upgrade II.

e How are we going to record all of this?

* |f detector performance is kept,
expect no show-stoppers in
terms of systematic uncertainties
for mixing and indirect CPV.

o Will allow for a remarkable
sensitivity.
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Direct CPV In charm

 Time integrated CPV measurements will also be statistically
limited in LHCb upgrade |II.

¥ "(ACP) for DN>hh is particularly robust.

arxiv:1812.07638

om0 LHCb Ar (KK
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0.0002 r
e Take will be to characterise and
interpret CPV rather than 0.0001
searching for it. 55 5 0000 |
<
—0.0001 Z%
e In addition to the D—>hh modes, can o002 | =
also measure CPV in more difficult 6,003 | |
signatures to help interpret any non- ~0.0002- - —0.0001 Odoé’}go 0.0001  0.0002

zero CPV effect.
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Kaon physics

LHCDb has already published world

leading limits on the decay Ks0—>pp.

Interesting trigger challenge.

This is expected to reach the theoretically

interesting region in upgrade |I.
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e (Other semileptonic modes such as
Ks0—>1%up can also be probed.

e Tests of LFU and LFV in kaons can
also be performed.
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Hadron spectroscopy

* Always a surprise, never know when you will find the next particle.

* We do know, however, that the LHC is the only facility to be able

comprehensively study the full range of possible excited states.
arXiv:1812.07/638
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Summary

e | hope | have convinced you that the reward in the flavour sector
of the HL-LHC is considerable.

e | would like to apologise for missing out of some very interesting
prospects, LNV signatures andb! d!! to name a couple.

e More details can be found in the WG4 report for the HL-LHC.:
arXiv:1812.07638
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