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Particie Physics

D. Becirevic (IJCLab) and A.M. Teixeira (LPC)

e This is an attempt to give an overview of what the theoretical physicists,
members of IN2P3, are working on - presently and recently

e It is by no means meant to be exhaustive

e Purposefully biased by experimental hints of physics BSM
‘unfortunately’ called anomalies
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In the Standard Model

X Gauge sector entirely fixed by symmetry
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X Flavor sector loose (a bunch of parameters)
|3 of 18 are fermion masses and mixing parameters
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LHC PRECISION
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LHC PRECISION

Bosonic CP-even Bosonic CP-odd
Ox (HTH)?
. . . . T T
e LHC precision observables: input from Higgs physics, top o (H‘ ;f(;f)
quark physics, W and Z mass, Drell-Yan processes, etc. Ones HTHG;,,GZV O | HtE GG,
Opw | HIHW.,W, Oy | HIHW, W,
. : Owp | HYH B, B,, Oy | H'HB.LB,
e |HC pre_C|S|on progrqm IS much .broader than that of LEP. Oms | G HWL B o | o, 5,
Well-defined and flexible theoretical framework - currently Ow | emrwi, Wi, wh, O | T, W, W,
the SMEFT with d=5 and d=6 operators added to the SM. Oc | [ GGy Og | J™Ciu GGl
. . [OlHluYUk;:jeﬂf%
* Huge and long-term collaborative task b/w theorists and il i
experimentalists.
01 ity6,0, H DL H Ol | ot ot Wi,
090, z’l@‘o"(ruli‘,HTL%mH 0! 17 e‘;aijé,;BW
e Many technical problems to solve, e.g. how to include NLO o ZZZZZMZ; B e
. . . 015 | iGro'c,qsH o' D H 011y | uSou Mgy By
SMEFT corrections, or how to simultaneously fit PDFs and Owi | iDL Ol | w0
Oudlrs | idso,d5HID,H Oy | dsoHlalqy W,
d=6 operators. Omadss | Dt Oglas | dioitias B
(RR)(RR) (LL)(RR)
 New measurements and new observables are still being | ol )
proposed to optimise this task oul D) Ou ) 0D
Oea (e°c,e%)(d%0,d°) Oy (q0,.9)(u¢o,ac)
Oua (u‘o,u¢)(do,d°) Oy, | (G0,Tq)(u¢a, T u)
A. Falkowski O | (wo, T°w) (o, T°d)  Opr | (a0,)(d°o,ud)
Ol | (@3,T°)(d0, T*d")

Uncertainties: S. Kraml, |. Schienbein 1 e
. . . . O | 1(76,.9)(70,9) Otga | (WT¢) e (AT )
Matching (loop corrections): J. Quevillon, C. Smith O | @ @) Onme|  (Blentuce
Oqq ((5,0)(G0,q) Olequ | (€07 )ejr(uca" )
Particular pheno issues: <<pretty much everyone>> Ou| Bl Owa| ()




Flavor Physics

X Why three generations!

X Why such hierarchy of masses and mixing!?
X Why so small CPV phase!
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Quark Mixin

d S b

Verm = ®

X Fix CKM entries through tree level processes & over-
constrain by loop-induced ones [progress through precision!]
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CKM-ology
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X Still open:inclusive v exclusive Vub and Veb!?
Is Vud well controlled? Vus keeps coming back (EM)...

b c




CKM-ology - Small flavor anomaly

X Still open:inclusive v exclusive Vub and Vcb?
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FLAG 2021

B-T1V

(B-D")

X  Belle Il (excl + incl), LHCb (excl)

E. Kou

X  QCD on very fine lattices
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B. Blossier

D. B.

cf. updates at http://flag.unibe.ch



More

Flavor Anomalies
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Experiment essential...

Phenomenology... bridge b/w theory and experiment

Look for quantities - observables:

X  (Highly) Sensitive to contributions of physics BSM

X Mildly (or not) sensitive to hadronic uncertainties

X  Accessible in current and/or (near) future experiments



LFUV: Experimentally?
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Lepton Flavor Universality Violation
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Detailed angular distribution can help...
More Observables

10+ l—{—i LHCb combined : Run1 4+ 2016 |
| - —{» -+ LHCb Run 1 only

b — spupu

| SM from JHEP 1606 (2016) 092 -

—10+ \C10N>0

b— cTv Stay tuned (early results from Belle...)

S. Descotes-Genon, N. Mahmoudi, A. Arbey, E. Kou (y), O. Sumensari, D.B.

Debate over Hadronic Uncertainties...



Building a NP model...

Eg. b— ctv

b

Only a model with @(TeV) leptoquark can simultaneously accommodate

v both types of B anomalies
'v wealth of LE flavor physics observables
v EWPT

v/ direct LHC searches

S. Descotes-Genon, N. Mahmoudi, A. Arbey, A. Teixeira, J. Orloff, A. Deandrea, G. Cacciapaglia
O. Sumensari, A. Falkowski, D.B.

If we stick to a minimal extensions (least # of NP parameters)



From dilepton spectra at high pr
Atlas and CMS 2018-2020

Ly, =2 Q;yuL; U + 2" dp, v, Lr; Ul + h.c.

O. Sumensari, D.B.



Predictions... LFV
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e Way to go 1: Combine two scalar LQs [S; with S3, or Ry with 53]

e Way to go 2: Vector LQ (U,)
Non-renormalizable and thus requires UV-completion which can be
an opportunity to tackle the hierarchy problem!



Compositeness - Alternative

e Composite Higgs
hierarchy is no more a problem

e Vacuum misalignment along
one direction for EWSB, sinf = v/ f

e Scenario, reminiscing walking TC,
constructed to describe “u anomalies”
while staying consistent with LHC data

LY

e Collider phenomenology
to be probed at LHC and FCC-ee

e Phenomenology with ALPs
mq ~ O(10 GeV)

A. Deandrea, G. Cacciapaglia



