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QCD Factorization Calculations

e Seminal papers on charmless hadronic B meson decays
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Recent LHCb Measurement

@ Search for direct CP-violation in charmless PV decays

* Interplay of the short- and long-range contributions to produce
strong-phase difference require for direct CP violation

o Studied a number of decays: pt, pK, K*1t, K*K, pK

e Dalitz plot projection analysis for each channel; most of the
asymmetries are consistent with zero, except for pK
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© These rare decays allow to probe Higgs Yukawa couplings
to light quarks
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@ Similar search in CMS focused onthe H =& Zp

™
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e SCET-based calculations for Aqcp « pt(V) <« My

Eur. Phys. J. C (2011) 71:1665
DOI 10.1140/epjc/s10052-011-1665-7

THE EUROPEAN
PHYSICAL JOURNAL C

Regular Article - Theoretical Physics

398 citations

Drell-Yan production at small g7, transverse parton distributions
and the collinear anomaly

Thomas Becher', Matthias Neubert>3-#
Hnstitut fiir Theoretische Physik, Universitit Bern, Sidlerstrasse 5, 3012 Bern, Switzerland

Ynstitut fiir Physik (THEP), Johannes Gutenberg-Universitit, 55099 Mainz, Germany

3nstitut fiir Theoretische Physik, Ruprecht-Karls-Universitit Heidelberg, Philosophenweg 16, 69120 Heidelberg, Germany

ATLAS, Eur. Phys. J. C 80 (2020) 7 g/

Linear Scale

Logarithmic Scale

— 0.08
>

E ATLAS
& 007Eys=13 Tev, 6.1
= 0.06F

Data

Sherpa v2.2.1
RadISH-+NNLOjet NNLO-+N°LL
Powheg+Pythia8 (AZNLO tune)
Pythia8 (AZ-Tune)

5

10

15 20 25

100 300 900
p! [GeV]

PUBLISHED FOR SISSA BY €) SPRINGER

RECEIVED: October 4, 2011
REVISED: December 23, 2011
ACCEPTED: February 6, 2012

PUBLISHED: February 23, 2012

125 citations

doi:10.1007/JHEP02(2012)124

Electroweak gauge-boson production at small gr:
Infrared safety from the collinear anomaly

Thomas Becher,” Matthias Neubert’ and Daniel Wilhelm®

@ Institut fir Theoretische Physik, Universitat Bern
Sidlerstrasse 5, CH-3012 Bern, Switzerland

b Institut fiir Physik (THEP), Johannes Gutenberg-Universitit
D-55099 Mainz, Germany


https://link.springer.com/content/pdf/10.1140/epjc/s10052-020-8001-z.pdf?pdf=button

Greg Landsberg - Collider Searches and Measurements - 10.05.23

@ N3LL + EW corrections at two-loop level
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Observation
Expectation

CMS Searches for LQ3

@ A CMS search combining single and pair production, using the
ttv(b) channel, including dedicated analysis for the case when the
top quark is produced with a large Lorentz boost

@ All-hadronic analysis, which considers both the th and hadronic top

quark decays

e Using St as a sensitive variable for S/B separation
e Probes interesting range of parameter space for the possible

explanation of flavor anomalies
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1 ® A new search for Pati-Salam U, vector LQ in the Tt channel, a
spin-off of the MSSM Higgs search

o Significant interference with the SM DY 1t continuum taken into
account

o Started probing interesting parameter space from the point of

view of flavor anomalies

CMS arXiv:2208.02717
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IATLAS Searches for LQ3

® Analogous ATLAS analysis focuses on the final states with T
leptons and b jets and sets limits on Yang-Mills vector LQs
decaying to bt or tv:

® Require either a pair of Th leptons or a single Tt lepton and at
least 2 b jets

@ Limits also reach 1.8 TeV in this analysis

ATLAS, PRD 104 (2021) 112005 0 oo o e s L 1
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o ATLAS has recently done a search for scalar LQs that have cross-generational couplings, e.g.,

ce, bu

e Only pair production is considered and the final states with a pair of OSSF leptons and b- or c-
tagged jets are analyzed

o Limits are set as functions of the LQ mass and B(LQ — qf)forq=b,cand/=e, p

@ More recent search for LQ — (t,b)+(e,u,v) considers both scalar and vector LQs
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o ATLAS has recently done a search for scalar LQs that have cross-generational couplings, e.g.,
ce, bu

e Only pair production is considered and the final states with a pair of OSSF leptons and b- or c-
tagged jets are analyzed

o Limits are set as functions of the LQ mass and B(LQ — qf)forq=b,cand/=e, p
@ More recent search for LQ — (t,b)+(e,u,v) considers both scalar and vector LQs
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e A new search for LQ3 coupled cross-generationally,
e.g. to a T and a c quark, using a TaThjj final state

e Can also be interpreted as an excited t* search
o Employs St as the sensitive variable

o Typically dominant background from misidentified
Th is determined from control samples is data and
verified in the DY control region

ATLAS, arXiv:2303.09444
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o Looks for single, pair, and
t-channel production of LQ3

in the tT+X final states
* Uses St = Zpr(1) + pr(j1) + MET as a’discriminafing varlable for res‘bnant and y =
e-2y*, where y* = |y1 - y2|/2 the rapidity separation between two leading (tau) jets for
non-resonant production
o Global fit to multiple search regions for different LQ3 mass and couplings

* See ~3.50 excess peaking in non-resonant production at large VLQ masses and
couplings; no excess is seen for resonant production; global ¢ is hard to quantify
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What About ATLAS?

e A related search, just made public, actually sees a
deficit at high masses

* Unlike CMS, ATLAS search is focused on pair production
@ Uses NN parameterized w.r.t. m(LQ)

@ Not exactly comparable with the CMS analysis (as no t-
channel LQ3 exchange considered), but likely indicative
that the CMS excess is due to a statistical fluctuation

ATLAS, arXiv:2303.01294
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More From ATLAS

o Fresh off the press: a new search from ATLAS considers single LQ3
production, as well as t-channel diagram with the LQ3 mediator -
directly comparable with the CMS search

e Requires a Tt lepton pair and a high-prt (> 200 GeV) b jet
e No significant excess seen in the St distribution in both the t/th and thth

channels, with the sensitivity high enough to start ruling out the CMS
excess (N.B. ATLAS assumes Br(LQ3 — bt) = 0.5, while CMS assumes 1)

o Additional limits are also set in the low-pT b jet signal region

ATLAS, EXOT-2022-39-02
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@ New CMS search for LFV Higgs boson decay H(ep)
o Apart from setting a stringent limit on the H(125) LFV decay, it also scans the ep

mass

@ An excess with a local (global) significance of 3.8 (2.8)o is seen at a mass of 146 GeV

e Probably already ruled out by an earlier ATLAS analysis, judging by the mass plot
* Would be nice if ATLAS could produce a limit at 146 GeV based on that analysis
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@ New CMS search for LFV Higgs boson decay H(ep)
: o Apart from setting a stringent limit on the H(125) LFV decay, it also scans the ep

mass

@ An excess with a local (global) significance of 3.8 (2.8)o is seen at a mass of 146 GeV

e Probably already ruled out by an earlier ATLAS analysis, judging by the mass plot
* Would be nice if ATLAS could produce a limit at 146 GeV based on that analysis
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@ New CMS search for LFV Higgs boson decay H(ep)

o Apart from setting a stringent limit on the H(125) LFV decay, it also scans the ep
mass

@ An excess with a local (global) significance of 3.8 (2.8)o is seen at a mass of 146 GeV

e Probably already ruled out by an earlier ATLAS analysis, judging by the mass plot
* Would be nice if ATLAS could produce a limit at 146 GeV based on that analysis
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@ In April 2016 I've offered

Matthias a bet against @l}lﬂmlllll‘llf wdJupe
X(750): 20 bottles of wine N

g foay 2 “CACRAW”

from me if it's real against > — "
1 bottle from him if it's not ﬂle‘” @[@ﬂfaﬂﬁ
* The catch: >€100/bottle S— s o o s
@ Fortunately for Matthias, Vs

after some hesitation, he
decided not to take the bet

* Now, €100 richer and 750
papers wiser he probably
appreciates what 95%
confidence implies!
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From: "Kenneth Lane" <lane@bu.edu>

Subject: New model for the 750 GeV diphoton resonance
Date: January 11, 2016 at 4:42:13 PM GMT+1

To: "Kenneth Lane" <lane@bu.edu>

The Sexion -- A New Model for the 750 GeV Diphoton Resonance
Kan D. Kane, Department of Physics, Commonwealth University

Abstract

It is proposed that the apparent diphoton resonance at 750 GeV recently reported by ATLAS and CMS

in their early Run 2 data is the "sexion", a loosely-bound state of six 125-GeV Higgs bosons. This model
neatly explains the sexion's mass and its large two-photon branching ratio. The latter is understood as

the square of an amplitude of a cooperative phenomenon in which any of the six constituent Higgs bosons
decay to two photons, times phase space, thus implying a two-photon decay rate 625 = 7760 times as
large as that of the H(125).

Our new model is described in the abstract. No further explanation is needed.

Note added in proof: The other five go "poof".

resonance model. Those colleagues, those who have patrticipated in valuable discussions, and my funding
sources wish to remain anonymous.
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xion-Like Particles

@ Axion-like particles at the LHC and beyond

Collider probes of axion-like particles
https://doi.org/10.1007/JHEP12(2017)044 327 citations

Martin Bauer,” Matthias Neubert®¢ and Andrea Thamm?

@ Institut fir Theoretische Physik, Universitit Heidelberyg,
Philosophenweg 16, 69120 Heidelberg, Germany

YPPRISMA Cluster of Excellence & Mainz Institute for Theoretical Physics,
Johannes Gutenberg University, 55099 Mainz, Germany

¢Department of Physics & LEPP, Cornell University, K endi
Ithaca, NY 14853, U.S.A. PRL 119, 031802 (2017) PHYSICAL REVIEW LETTERS 21 JOLT 2087

LHC as an Axion Factory: Probing an Axion Explanation for (g —2)”
with Exotic Higgs Decays

68 citations
Martin Bauer,l Matthias Neubert,z’3 and Andrea Thamm?
Institut fiir Theoretische Physik, Universitit Heidelberg, Philosophenweg 16, 69120 Heidelberg, Germany
2PRISMA Cluster of Excellence & MITP, Johannes Gutenberg University, 55099 Mainz, Germany
3Department of Physics & LEPP, Cornell University, Ithaca, New York 14853, USA
(Received 27 April 2017; published 21 July 2017)

Eur. Phys. J. C (2019) 79:74 THE EUROPEAN
https://doi.org/10.1140/epjc/s10052-019-6587-9 PHYS'CAL JOURNAL C

Regular Article - Theoretical Physics

Check for
updates

149 citations

Axion-like particles at future colliders

Martin Bauer!, Mathias Heiles?, Matthias Neubert?->, Andrea Thamm®**

! Institute for Particle Physics Phenomenology, Ogden Centre for Fundamental Physics, Durham University, South Road,
Durham DHI1 3LE, United Kingdom
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ATLAS

Vs=13 TeV, 139 fb™!
o(H)=o_, (H)
B(H—-Za)=100%

e Data
—Background

N Bkgd MC Stat
---H—Za (0.5 GeV)
T e H—Za (1.5 GeV)
i.... --H—=Za (2.5 GeV)

@ They also looked for H — Za, with a
decaying hadronically

e ATLAS conducted a search for a stable
light ALP in the Z boson decays via the
mono photon channel '

['(Z — ay) < 0.17 MeV at 95% CL

v

ATLAS, JHEP 02 (2021) 226
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https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.221802
https://link.springer.com/content/pdf/10.1007/JHEP02(2021)226.pdf?pdf=button%20sticky
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e Recent example from CMS: end-to-end deep ML reconstruction of the
ECAL to resolve overlapping photon showers

* Developed specifically for the H = aa—yyyy search

* A mass regression technique that uses
low-level ECAL information to best reconstruct
m(a) via a merged diphoton decay

* Capable of dealing with Lorentz boosts as high

as 600!

* Performance in data validated using - yy

decays
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https://arxiv.org/pdf/2204.12313.pdf

e Based on this regression
technique, a dedicated
analysis for a very light
pseudoscalar ain a
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® Sensitivity exceeds that from the generic limits based on
H—yYy decays, demonstrating the power of the technique
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http://arxiv.org/pdf/2209.06197
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@ One could use other techniques to look for ALPs

at the LHC

e Heavy-ion collisions turn LHC into a yy collider,
which allows to produce ALPs

e Tagging forward protons also allows to look for
exclusive diphoton production

1/A, [TeV~1]

ATLAS, JHEP 03 (2021) 243

Existing constraints from JHEP 12 (2017) 044
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https://cds.cern.ch/record/2810862/files/EXO-21-007-pas.pdf
https://link.springer.com/content/pdf/10.1007/JHEP03(2021)243.pdf?pdf=button
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B(H — aa — bbuu)

@ An excess observed in a
Run 2 search looking for

H — a(bb)a(pp) in high-
resolution dimuon mass

distribution

* Local (global) significance of
3.3 (1.7)o at M(a) = 52 GeV
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.105.012006

=zl ATLAS H — a(bb)a(up) Excess

@ An excess observed in a
Run 2 search looking for
H — a(bb)a(pp) in high-

resolution dimuon mass

N
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B(H — aa — bbuu)

distribution

* Local (global) significance of

3.3 (1.7)o at M(a) = 52 GeV
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* The ~100 GeV excess appears to be well aligned with
the low-mass diphoton excess seen in an earlier
analysis of Run 1 + 2016 data
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e No full Run 2 ATLAS result in the 5’1

low-mass diphoton channel yet

* The 2016 ATLAS result is not

107"

inconsistent with the CMS one

© The full Run 2 ATLAS MSSM H(TT) 1% — omew

q back
or backgroun

102

result contradicts the 1.2 TeV

excess seen in CMS

o The 95-96 GeV light Higgs boson
has long been a subject of
theoretical interest since an old
LEP hint in the H(bb) channel
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Looking forward to ATLAS
139 fb-1 updates in the yy
channel!
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https://cds.cern.ch/record/2628760/files/ATLAS-CONF-2018-025.pdf
https://arxiv.org/pdf/1812.05864
https://arxiv.org/pdf/hep-ex/0306033
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.051801

In the Meantime...

e CMS has just released a new low-mass h(yy) analysis based on full
Run 2 data

e The overall excess is still there, with about the same significance
(2.90 local; 1.30 global) albeit with twice as low cross section

o Still need more data (ATLAS Run 2?) to understand whether the
excess is real

CMS, PLB 793 (2019) 320 CMS PAS HIG-20-002
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J © CMS has just released a new low-mass h(yy) analysis based on full
Run 2 data

e The overall excess is still there, with about the same significance
(2.90 local; 1.30 global) albeit with twice as low cross section

o Still need more data (ATLAS Run 2?) to understand whether the
excess is real

Theorists never sleee...
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% Aspen Conferences
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e In 2005, Matthias and | decided to organize the
Aspen 2006 Winter Conference on Particle
Physics

* We invited Marcela Carena and Gudrid Moortgat-
Pick to join us

* Each Aspen conference has a motto; ours was

2006 Aspen Winter Conference "Particle Physics at the Verge of Discovery”

@ It was a fun conference, with a skiing race filmed
on a professional video, live tango performance,
etc.

@ And our motto worked out just six years later!

Greg Landsberg - Collider Searches and Measurements - 10.05.23
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Aspen Conferences (cont'd)

3

i © Ten years later, we decided to do it again, this
time with Marcela and Giulia Zanderighi

@ Surely enough we didn't have to think twice
about the motto (the year of 750!):

20 6JAspen\WinteConference on e e P

Particle]Physicsion .
thelVergelof Another e
Pt S e Dlscovery'> et

® Tango was replaced with a jazz quartet, but
skiing competition stayed!

Greg Landsberg - Collider Searches and Measurements - 10.05
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) Breaking News

© We decided to do it yet again, ten years later!

@ We invite you to the 2026 Aspen Winter
Conference on Particle Physics

@ Guess what the motto will be?
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© We decided to do it yet again, ten years later!

@ We invite you to the 2026 Aspen Winter
Conference on Particle Physics

@ Guess what the motto will be’?
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e Let's keep an eye on mtp
the few anomalies | ! -

Showed, but don't run X Theoretical PPV
to the printing press yet!

()
N
o)
(=]
(=)
-
1
%)
fd
c
)
=
o
S
>
7]
@
()
=
g]
c
©
7
Q
£
3]
L
@
@
(75}
b
)
)
o
(&)
|
o
S
o
Q
7]
g
c
©
—J
o
)
S
()




