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Topic: Fundamental

AT

Karlsruhe Institute of Technology

Theory + Theory
Experiments

 3%KIT

e

97% DESY

Two Helmholtz Centres at
three locations

Particles and Forces (FPF) M WAl

MATTER AND
THE UNIVERSE

Present situation (in a nutshell):

The Higgs-boson discovery at
the LHC in 2012 has established
a non-trivial structure of the
vacuum, i.e. of the lowest-energy
state In our universe

The origin of mass of elementary
particles is related to this
structure: mass arises

from the interaction with the
Higgs field
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FPF: present situation and open questions

The vacuum structure is caused by
the Higgs field through the Higgs
potential. We lack a deeper
understanding of this!

Vacuum expectation value

We do not know where the Higgs |
potential that causes the structure of *
the vacuum actually comes from and
which form of the potential is realised
IN nature. Experimental input is
needed to clarify this!

Higgs potential

Fundamental Particles and Forces — Overview, Georg Weiglein, MU Days 2021, 11 /2021 3



Higgs physics: status

The Standard Model of particle physics uses a minimal” form of the
Higgs potential with a single Higgs boson that is an elementary particle.

The LHC results on the discovered Higgs boson within the current

uncertainties are compatible with the predictions of the Standard Model,

but also with a wide variety of other possibilities, corresponding to very
different underlying physics.

Thus, we have discovered a new particle, but we do not know yet the
physics that is associated with it. We have a description of the known

particles and their interactions, but we do not know the underlying
dynamics.

The puzzle of the Higgs mass: Mu = 125 GeV

All other elementary particle masses are protected” from physics at much
higher scales (gravity, ...) by known symmetries. But what protects My?
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FPF. some of our main goals

Determine the underlying dynamics of electroweak symmetry
breaking: single doublet or extended Higgs sector (hew symmetry?),
fundamental scalar or compositeness (new interaction?), ...

Find out what protects the Higgs mass from physics at high scales

= Precision measurements of Higgs properties (mass, couplings, CP
properties, ...) and comparison to precise theory predictions

Get access to the dark sector of the universe (dark matter and
dark energy) and to the imbalance between matter and anti-matter

Other
nonluminous

components
Dark Energy Dark Matter untergglactic gas 3.6%

~ 73% ~ 239% neutrinos 0.1%

supermassive BHs 0.04%

Luminous matter
stars and luminous gas 0.4%
radiation 0.005%
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Guiding themes for PoF [V

Mission and Strategy MIU

MATTER AND
THE UNIVERSE

Our mission: Study the fundamental laws of Nature in our universe, governed by quantum
physics and the dynamics of space-time

Guiding themes for PoF |V

Science drivers

Vig)

What is the
structure of
the vacuum?

£ rllgfs Gl Searches for
IO new particles F
interactions at ’ Where did the
high precision 4\ &phenemens What is dark anti-matter go?
matter? e

Cosmology
and the dark
sector of the

universe

" -Dark Matter: |
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Update of the European Strategy for Particle Physics

European Particle Physi ateg& Update 2018 - 2020

K e = o

""’66’”’10 >
'.,”--p-’— p——

Future Projects:
3. High-priority future initiatives

@ electron-positron Higgs factory is the h1ghest-pr10r1ty next colthEbr the longer term, the European

particle physics community has_ti ' Derate—a fnn-nroton colhder at the highest achievable
energy. Accompl
the particle physics community should ramp up its R&D effort focused on advanced accelera

technologies, in particular that for high-field superconducting magnets, including high-temperature
superconductors;

e Europe, together with its international partners, should investigate the technical and financial
feaszbllzty of a future hadron collider at CERN with a centre-of-mass energy of at least 100 TeV and

completed o ' ' rategy update.

he timely realisation of the electron-positron International Linear Collider (ILC) in Japan would be

compatible with this strategy and, in that case, the European particle physics community would wish to
collaborate.




Programme

Program Pillars: Experiments and Theory

pa

14

L

(&)

®

@

o

EF

Broad

o theory portfolio

5
Leading contributions to global CollidenFhysics
collider projects (CERN, KEK) Particle Cosmology

: — . » Lattice Gauge Theory
[ - 'wl Al apk String Theory

‘ ",, lf 3 ///
- 5 = 7 ~ O\ f
== < . .;":_‘__ ) o~
Y
3 \

Belle Il @ KEK (Japan)

MIU i

MATTER AND
THE UNIVERSE

Strong-field QED

Attractive
on-site
program

Preparation of future -
facilities / experiments

International
Linear Collider
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Some examples of recent results

High-precision predictions for:

Higgs production at the LHC in
comparison with the ATLAS

measurement: gg &> H — yy

30

[ ATLAS Preliminary (139 fb_l)

1

g

FO

NLO

N3LO

NNLO Aresum

AI'esum @ AFO

1 N3LL/+N3LO
N3LL+NNLO

NNLL+NLO

gg—H —~v (13 TeV)

rEFT, myg = 125 GeV -

Drell-Yan production at the
LHC: di-lepton rapidity

distribution
SCET+NNLOJET pptoy” VS =13 TeV
110.0
— LO —— NNLO
107.5 —— NLO —— N3LO

PDF4LHC15 nnlo
7-point scale variation
U =g =100 GeV

92.5 “—‘——\—\—'

1.02 1 —— q¥t=075GeV —— ¥ =1.0GeV gt = 1.5 GeV
o : : :
+ O 1.00 = :
o= : j »
-4: Z [ e ] - i E_ _
O Z 0.98 = : ------- = - m_i_—f—— vvvvvvv ———— e T
a'd \ — - = =

0.96

0.0 0.5 1.0 15 2.0 2.5 3.0
lyy-l

[see flash talk by X. Chen]
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LHC (CMS): Higgs CP properties

HIG-20-006, arXiv:2110.04836
(sub. to JHEP)

The H — 77 decay is a powerful probe of
CP violating effects in the Higgs sector

Generalized Htt Yukawa interaction:

m’l’ — ~ —.
Ly =—H(k, 7t + K, Tiys57)

V CMS Simulation 13 TeV

° T T 1 | T T 1 | T 11 T 11 | T T 1 | T 1 I_

- c:é = CP even ==== CP odd _

CP mixing angle: ol - CP mix e Z -
K; l 2aHt :

tana 7" = — S B
Kz 0081 s e
 measured by studying distribution of 0.06¢ |
angle between 7 decay planes (P, p) R SRR T TS

. 0.04— |
Analysis performed on full Run 2 dataset I ]
(137 fb~1) in most sensitive final states: 0.02]- _
ThTh, TMTh’ TeTh - 1;"'ﬂc'|e 313"'3-;" | | p;>33G|eV 1

o

60 120 180 240 300 360

q)CP(degrees)
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LHC (CMS): Higgs C

-> Hypothesis of pure CP-odd coupling is

-> First measurement ever of the CP

Measured value of CP mixing angle

a7 = (=1 £ 19)°

-> consistent with SM prediction

rejected at 3 o level

2 properties (ll)

HIG-20-006, arXiv:2110.04836
(sub. to JHEP)

structure of the Htt Yukawa coupling

DESY contribution:

« analysis of et; and ut, final states

« participation in statistical combination

CMS 137 fb ! (13 TeV)
Q 12 [ I 1 1 I I 1 I I I 1 I I I I I

0 L — Observed: &1°7 = —1 +19 °(68.3% CL) ]
Q10 Expected: &gi" = 0+ 21 °(68.3% CL) ~
| = =
8 .
6 B
oL \ / :
0 i 1 1 1 I 1 II\I/I 1 1 | 1 1 1 ]
—90 —45 0 45 90
o177 (degrees)

CMS 137 o' (13 TeV)

£ EFT] L] l =
9 4+ Obs. —Bkg PP+ TP+ Up +Ep ]
o C | |Bkg.unc ]
§ 12— g =0 -
() ~ Htt _ _
o 1—_ (01 = 90 —— ]
¢ —e— N
e L |
% 0.8_— ! I |_‘__‘— —
= -t ]
a 0.6 — e [ L [ —
+ — —
D ooa| —e— —
CT) Z _
< o2f -
- —— _

) A S S IO N

0 6|O I 12|0 1£i0 2£|10 3(|)0 — 3_60
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CP structure of the top Yukawa coupling: current
constraints and HL-LHC prospects

[experiment + theory joint effort]

Global fit to LHC inclusive and differential signal rates
SM

Yo L.
L k — t Ct + 17Y5Ct tH
& ok )
(Ct, Cty €V, By, Kyg) free Ay?
) 20
current constraints _— _____iff ff 7y w/ 3 ab
1F ~
' SM value
impact of <0
measurement of
tH production at  —1 [ S i
the HL-LHC — e -

205 0.0 0.5 1.0 1.5

= Only mild constraints on the CP structure at LHC and HL-LHC
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ATLAS: search for invisible Higgs decays and dark matter
Final state: Z — leptons + missing energy

X
! < Complementary sensitivity to search for dark
iy matter
o Dark matter can be produced in invisible decays

of the Higgs boson in the right mass range,
Z(—>||)H(—> inv)

Z(—€€)H(—inv) m Absence of significant excess allows us to

1 Z constrain H— invisible

< * o Consider simplified dark matter model and

two-Higgs-Doublet models plus an additional

t . pseudoscalar mediator a (2HDM+a),
! T Z(—I)+Dark Matter
t Distinct signature in final states with Z—#{ and
missing transverse momentum
) 2HDM+a 7
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ATLAS: search for invisible Higgs decays and dark matter

ATLAS-CONF-2021-029

No significant excess over SM is observed (limited by the ZZ modelling uncertainties/Jet, MET description)
e Z(—l)H(— inv) Branching ratio limit: < 0.18 (0.18) observed (expected) @ 95% C.L.
e Complementary sensitivity at low dark matter/WIMP masses compared to direct searches

IIII| T IIIIIII|
Ve

C'\-l_| ! ! ! I_I|III ! ' ! ' r ' 'I' (\'l_| T IIIIIII| I IIIIIII| T T TTTT
5 e Y B(H —inv) <015 A7) 25 Preliminary g= 5 107 7 ATLAS Preliminary
§ 104 —  Alllimits at 90% CL 1 — € 107 /s =13 TeV, 139 fb”
2 B Vs=13TeV, 139 fb’ 7 S 10°% Axial-vector mediator, Dirac DM
> — Niw., — — — -
E — _ g 10 gq_0.25,gl_1,gl_0
= 1074 = ] O 434 —— Observed 90% CL
= Pl e o 10 LUX 2017
© — = 107 XENON1T 2019
10—44 — — 108 v 2 mmeenee PICO-60 CSFS 2019
- _______.---"""-"-_- 10°%
10—46 e SR T 1 U ] 108 2 N, N et e
| Higgs Portal Other experiments | 10°%° {;/ -------------
- $4464%¢ Scalar WIMP  =..=.. XENON1T MIGD 2020 - N W
10_43 | 2N Majorana WIMP =+ -« - DarkSide-50 2018 L N — T L
— LUX 2017 — 10-41 %
----- PandaX-Il 2020
— XENON1T 2018 ] 10_42
10_50 L L L L 1 II III II 1—43 | IlIIIII| | IIIIIII| | IIIIIII| | IIIIIII| 1 [
1 10 10 10° ° 10 102 10° 10° 10°
Mye [GEV] m,, [GeV]
Reinterpretation in Higgs portal model, Reinterpretation in dark matter simplified model,
comparison to direct detection limits comparison to direct detection limits

Axial vector mediator couples to the nucleon spin, Spin Dependent (SD)
Vector mediator coupling increases with nucleon mass, Spin Independent (Sl)

= Complementary to dark matter direct detection searches
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Data — SM

Search for additional Higgs bosons: H, A — tt

Slight excess in CMS search at about 400 GeV:

CMS i/ channel 35.9fb1 (13 TeV)
AL BN R B S B B R S

[ —— A (ma=400 GeV, l
[A/Mma =4%, gati = 0.9) -

— —

0.6 <Chei <1 |

" 500 750 1000
My [GeV]

1.0
0.9 |
U8E >
0.7 E -
< é ’f”——
© - -
0O6E__\_ o mm=m=——T— -
0.5
CMS 95% CL excl. (FA/mA = 2.5%)
0.4 observed 95% expected
— == expected 68% expected
0'3400 410 420 430 440 450 460 470 480 490 500
ma [GeV]

CMS, best fit value for 'a/ma = 2.5%
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Search for additional Higgs bosons: H, A — tt

Slight excess in CMS search at about 400 GeV:

CMS 1 channel
A L A
[ —— A (ma=400 GeV,

Data — SM

35.9 fb~! (13 TeV)

I'A/mA = 4%, gatt = 09) §

0.6 <Che <1 _

" 500 750 1000

Mttt [GeV]
— Good description of the A — tt excess at 400 GeV in models with
extended Higgs sectors (N2HDM, NMSSM) [experiment + theory joint effort]
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2.2 2.4 2.6 2.8 3.0

1.0

0.9}

N2HDM: 2.0 < I'4/ma < 3.0, 1.16 < tan 8 < 1.39, E

mag = 400 GeV, mp, = 96 GeV

—-—
1
—
-

[ ANMISSM Align. Limit: tan 8 = 1.7

0.3

CMS 95% CL excl. (FA/mA = 2.5%)
05% expected
1 68% expected

observed
— == expected

400 410 420 430 440 450 460 470 480 490 500

ma [GeV]



Important DESY contributions to first Belle Il publications

[see flash talk by A. Martini]

Axion-like particle searches: Rare decay:
SM Averag
0.46 £ 0.05 1.1+0.4
102 % ‘IIII
2 . Belle II (63 fb~!, Inclusive)
c 1.971¢  This work
(@]
- 2|/]| NESHE Belle (711 fb!, SL)
> 10_3 J“ 1.0+£0.6 PRD96, 091101
) 7 1
O s ° Belle (711 fb~*, Had)
—_ Q 3.0+1.6 PRD87,111103
>-
s \ Babar (429 fb~!, Had+SL)
O 104 . 0sz07 PRD7, 112005 ©
2 4 6 8 10
[ electron beam dumps Jayz =0 ].05 X BI’(B+—>K T 1/17)
10—5_ L ......|_ o ......|_ ] s
1073 1072 1071 10° 10t
1500
ma [G eV/C2 ] Target
Base 1300fb-1
1000 900fb-"

Large improvements expected
from much more data during the

next years

800fb-"

600fb-"

500

Integrated luminosity (delivered) [fb™']

LS1

0
2020/4 2021/4 2022/4 2023/4 2024/4
Date
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Plans and opportunities for on-site experiments

Search for ALPS (axion-like particles, very weakly interacting), non-linear QED

Axions in the lab: ALPS Il

“light shining through a wall”
» Construction finished .
+ First data run summer 2022 _ 38

24 | 24 dipoles straightened, installed, and aligned

M{'r N Magnets
A
P Vacuum

installed and tested, including central vacuum tank
and in-vacuum optomechanical components

Cryogenics

[see flash ’talk by K. Karan|]

Axions from the sun: BabylAXO
» Design ongoing
 Start construction 2022

Local dark matter Axions: MADMAX
« CERN experiment followed by DESY
experiment?

Non-linear QED, light Axions: LUXE
 Utilise E-XFEL beam and strong laser
« Conceptual design report released nttos.//arxiv.org/abs/2102.02032

Fundamental Particles and Forces — Overview, Georg Weiglein,
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Future Collider Forum

 Forum for all projects: Compact Linear Collider (CLIC), Future
Circular Collider (FCCee/eh/hh), International Linear Collider (ILC),
Muon Collider, ...

e [oster the interaction between physics studies (experiment and
theory) and activities on the detector and accelerator side

e |dentify and exploit synergies between the activities on the
different future projects

 Reduce the threshold for contributions in individual groups,
enable exchange at the "working level”

e Allow to reach critical mass also with smaller contributions

« “Community Meeting”, increase of visibility, especially for younger
researchers

Kick-off meeting: April 2021, first Workshop: October 2021
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— bb / cc

At a future ete- collider, reconstruction of
H — bb / cc is important for many Higgs
measurements

iInvariant mass of reconstructed jets suffers
from semi-leptonic b/c decays (SLD):

* shift of peak position
* long tail to lower masses

« ZH / ZZ not very cleanly separated
(black histo)
=> this is what enters projections so far!

stars) sharpens mass peaks drastically

adding an explicit correction for neutrinos
from semi-leptonic decays could offer even
further improvement (red histos)

Impact expected on many Higgs and top
projections, incl Higgs BRs, Higgs self-
coupling, top electroweak couplings, ...

>
)

Normalized Events / 0.5 G

0.08

O
=)
»

o
o
=~

O
o
N

o

Iggs factory: invariant mass reconstruction in

‘arXiv:2110.13731

- e*e’— ZH/ZZ—upibb, Vs = 250 GeV -
B ---Z—bb — H—bb 7
B ---with =1SLD — with =1 SLD B
[ ---pure v-Corr. — pure v-Corr. T
B pure Kinfit pure Kinfit ? ]
i - = - v=Corr. + Kinfit — v-Corr. + Kinfit [ ]
—  [mprovemenmnt by —

- kinematie fit alone \ -

50 100 | 150
Invariant m . [GeV]
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Higgs couplings: HL-LHC vs. Higgs factory

Example: heavy SUSY scenario

M ?® scenario Myg=1TeV,tan g =8
| | | | | | |
| HL-LHC (xy < 1)

I 1LC250

1 ILC500 L
1.00 f=- '--——r——-r- o r—

1.05

0.95

l l l l l l l
KWW Kz Kg Ky Ky Kb K

— Precision at 1% level provides large sensitivity for discriminating
between different realisations of underlying physics
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Higgs factory discovery potential for new light states:
Sensitivity at 250 GeV with 500 fb-1 to a new light Higgs

2
< ghzz )1. .......................... —
gusmzz ) | f
[ | & Indirect HL-LHC
* 1 | sensitivity from
FXCIUdeg * — | | measurements
rom of the Higgs at
LEP 0.100} ——  LEP, ©—bb, observed limit 11 125 Gev
searches | ]
—— ILC, 9—bb |
U)g ———  HL-LHC/ILC: indirect sensit. 1
Could o.010} :
probe the _ / ’
excesses | /
from LEP W . L
Higgs factory sensitivity:
and Chl G T h— b search ' *
at about ——, Db searc 5
96 Gev 2-0 a a a 4|0 a a a 6l0 a a a 8|0 a a 1 0 a a a 150 a a a 120 B a 1&)
m¢/GeV Mh/ GeV

= Higgs factory at 250 GeV will explore a large untested region!
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Higgs self-coupling sensitivity: [LC vs. HL-LHC

2 L 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 .I 1 L
) Higgs selfcoupling projections :
5 3 — | —am HLLHC (single coupl. analysis) N e S e e -
% — = =W = cross-section-level extrapolation . . -
GE) : ==o== |LC 500 GeV ZHH (full coupl. analysis) : : : . :
< D || == ILC 500 GeV + 1 TeV wHH combined ISURE SO WO S SO OO de

7\'true/ 7\‘SM

= Capabilities of the facilities depend on the actual value of A!
ILC: 10-15% precision on A or better with ZHH (500 GeVl + vwHH $1 TeV)
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Interplay between collider physics and cosmology

Relaxion
_ HIGGS AXIONS
Afterglow Light A
Pattern = Dark Ages )
00,000 yrs. G i maﬁﬁ ” \' ] 7
:" a’%?ggigggggg : Inflation, reheating

Cosmic strings,

5::12;:;8: &—¥ Baryogenesis 4—*¥% Parametric resonance,
Fragmentation
Dark Matter

!

Temperature evolution of the Higgs

potential in the early universe: GW
V (o), Hight7perature Baryogenesis: creation of the
Critical temperature asymmetry between matter and ant|‘

(degenerate minima)

T matter in the universe requires a first-
Transition temperature. Order EVWW phase transition (FOEWPT)

1y,

(9 Does not work in the SM, can be
realised in extended Higgs sectors
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FOEWPT: N2HDM (two doublets + real singlet)

[see flash talk by M. O. Olea]

“Smoking gun” collider signature: A = Zhs, A= Z hs
Nucleation temperature for the FOEWPT, N2HDM scan:

T, |GeV]
80 100 120 140 160 180 200 220

0.35 no 71, defined ‘
- ® no 7T, defined

{ No FOEWPT,
Tuniverse is trapped
{ina false” vacuum

0.00 0.05 0.10 0.15 0.20 0.25 0. 0.35-
o(99 — A — Zhs) [pb]

= Lower nucleation temperatures, i.e. stronger FOEWPTs, are
correlated with larger signal rates at the LHC!
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Gravitational waves as a probe of the early universe

? 10_7 I IIIIIII| | EIIIEII” | II'III| T TTTT T TTTIT I IIIIIII| I IIIIIII| T TTTTI T TTTIT T T T T TTTTHI “IIIU'III'OI IIIIIII| T TTTTI I TTTITH
: ¥ 1st order e
21 10°° -’ phase transition ="
o< Cosmic
\C\]/ 10—11 StringS
=
I 10-13
S
= _15 E ;= 1.6x10'° GeV
o 10 . i .
G radiation era-> flat Primordial Inflation
10—17 | IIIIIII| | IIIIIII| | IIIIIII| IAIIIII' L 111l | IIIIIII| | IIIII| | IIIIIII| IR | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| L
107" 1077 10~ f [Hz] 10~ 102 10°
| . O e G TS
Irreducible GW background from amplification of L MR <l ‘&
initial quantum fluctuations of the gravitational field LISA
during inflation :
10712 ¢
| y
(Q\
Q E
10715;
. . = . . I I y A - N
Primordial GW enhanced by an early spinning axion! standard cosmology

10~ 1 10*
Frequency f [Hz]
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Conclusions: FPF, present and future
[See the "Outlook” talk by Priscilla Panil!]

FPF: exploration of the fundamental laws of nature provides a
window to the evolution of the early universe and may reveal a
connection to the dark sector e oot uErSE - N

Goal: find our way on the
“Quantum Universe map”

KNOWN

vvvvvvvv

Role as a leading partner and national lab:
* Indispensable partner for German universities in int’| endeavours

- World-leading infrastructures, experience and expertise

» On-site experiments with unique discovery potential

 Facilitate decisive German contribution to next int’l collider project
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Sackup
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Are there additional sources for C
Higgs sector?

P violation In the

The amount of CP violation in the SM (induced by the CKM phase) is
not sufficient to explain the observed asymmetry between matter

and anti-matter in the universe

—> Search for additional sources of CP violation

Baryogenesis: creation of the asymmetry between matter and anti-
matter in the universe requires a first-order electroweak phase

transition (FOEWPT)

Does not work in the SM, can be realised in extended Higgs sectors

But: strong experimental constraints from limits on electric dipole

moments (EDMSs)
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CP properties of 125

It has been experimentally verified that h125 is not a pure CP-odd
state, but it is by no means clear that it is a pure CP-even state

The main testing ground are processes involving only Higgs
couplings to fermions

g Q99909 > t
g 55000 f A
¢ ---- H i H
/ A
J g 9990909 < t

with H = zz, bb, ...
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Composite Higgs

Approaches to address the question how a scalar particle can
be light, M ~ 125 GeV:

- SUSY: elementary scalars related via SUSY to elementary
fermionic superpartners, which naturally have a small mass
(weakly broken chiral symmetries)

» Spontaneous breaking of a continuous global symmetry:
= massless Goldstone boson

Explicit breaking of global symmetry
= pseudo-Goldstone boson (PGB)

Mass of the PGB is proportional to the strength of the
symmetry breaking
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Simultaneous constraints on QCD and BSM

SMEFT interpretation of the inclusive jet production in pp collisions at 13 TeV

direct probe of gluon and strong coupling constant

New CMS data used in QCD+CI fit at NLO with DIS (EPJC 75 (15)12) and CMS ttbar (EPJC 80 (2020) 7)

contact interactions

CMS Preliminary

— 10° | . 33 5 fb (13 TeV) CMS Preliminary Hessian uncertainties CMS Preliminary
> : Ant R=0. 7 G120~ 9 o —— 95%cl Fit+model+param. unc.
8 10° _n I(;f1(4 NNLOJET ® NP ® EW c’“ - ] HERA DIS uf = m; = 68% cl Fit+model+param. unc.
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TOP-21-001, arXiv:2107.13896

(sub. to JHEP)

Probing t-Z couplings with EFT and ML

Featured on last CERN Courier

« t-Z coupling modified by various BSM scenarios

SepTEMBER/OcTOoBER 2021

00000 —<—

 EFT framework: interpret deviations in precision measurements v 1— X
as signs for new physics at higher energy, model-independent bAAAAA T W ;
 Novel approach: constrain several t-Z EFT operators I +4 b t
in a simultaneous analysis of ttZ, tWZ, & tZq events: 00TI0—>
b
« Consider up to 5 EFT operators simultaneously W
Z
Pioneer use of Deep Learning techniques to target EFT effects
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CMS-PAS-TOP-20-010

tZq production in final states with 3 leptons

Rare process, connects top with EWK sector

DESY.

EWK production — polarized top

Sensitive to many EFT operators

top—Z coupling

W-Z triboson coupling

First ever tZq differential measurements of top & Z observables, top-Z system, leptons

First ever measurement of top spin asymmetry in tZq (proportional to polarization)

Exploit machine lear

techniques (DNN)
to enhance
sensitivity

to tZq signal
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Flavour physics anomalies

Ry =

B(BT— K utu™) / B(BT— K*ete™)
B(B™— Jip (= pw )KT) /) B(B™—= Jip(—eTe”)KT)

https://arxiv.org/abs/2103.11769

- : BaBar
: 0.1 < ¢*><8.12 GeV*/c*

N . Belle
: 10 < ¢*> <60 GeV*/c*

ot | LHCb 9 fb™!
: 1.1 < ¢><6.0GeV?/c*

0.5 1 1.5

RK
Could the underlying physics of flavour be accessible at the TeV scale?
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CMS-SMP-PAS-21-003

Azimuthal correlations in Z+jets events

Particular interest in Parton Branching (PB) predictions

*  Small pr(Z): soft-gluon resummation and non-perturbative Z
contributions essential

«  High p,(7): Z+jet production dominant, significant corrections
from QED processes q

fo! (13 TeV) ;%‘ Measurement = 36.3 b (13 TeV) 7’%/ Measurement
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Tested predictions: Madgraph5 NLO with / without MP!, GENEVA (NNLO + NNLL resummation)
MCatNLO-CA3 (Z+)) NLO PB , MCatNLO-CA3 (Z+2j) NLO PB

« Z+ jet measurements challenge theoretical predictions

+  Good agreement achieved incl. contr. of multiparton interactions, parton shovEr, PB,
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CMS-SMP-PAS-21-006

Insight into the structure of higher-order corrections
Data compared to MG5 _atMC NLO predictions interfaced with Pythia8 and CASCADE3

. For the first time measured jet multiplicity in bins of the leading jet p,. & azimuthal angle between leading jets Ag, ,
. Up to seven jets are measurable
. Cross section of the four leading jets measured up to the TeV scale:

 Benchmark for Standard Model multi-jet cross section calculations

+ Test simulations including parton showers for higher jet multiplicity

,CMS Preliminary 36.3 fb' (13 TeV) CMS Preliminary 200 GeV <p_ <400 GeV 36.3fb™ (13 TeV)
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. Measurements compared to LO (MadGraph, Pythia8, Herwig++)
. Comparison to NLO (MADGRAPH5_MC@NLO) with Pythia8 and CASCADES3 predictions

. For high jet multiplicities the lack of higher order contributions can be observed
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Machine learning for calorimeter simulation

« project carried out with UHH in QU Excellence Cluster
« fast ML based shower simulation

« use sample of photons at 90 deg impact angle in ILD
Ecal (5x mm”2, SiW) w/ uniform energies 10-100 GeV

« achieve high fidelity in distributions of relevant
physical variables

« using Bounded-Information-Bottleneck Auto Encoder
(BIB-AE) w/ post-processing

» also compared to GAN and WGAN

pIess e 771 vl Catar Output
luput Sanipling Imhlm"h‘”eK@-‘\_ it ened [T y - _//) : GAN
v—(—j—‘ - riti “ 2 oc :_L
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Bounded-lnformatlon-BottIeneck Auto Encoder with Post Processing

PESY- | Highlights from FTX for MU meeting
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Getting High: High Fidelity Simulation of High Granularity
Calorimeters with High Speed, Erik Buhmann (Hamburg U.)
Sascha Diefenbacher (Hamburg U.), Engin Eren (DESY), Frank
Gaede (DESY), Gregor Kasieczka (Hamburg U.), Katja Kriger
(DESY) et al. (May 11, 2020), e-print: 2005.05334 to be published
in Computing and Software for Big Science 38
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https://arxiv.org/abs/2005.05334

ete- collider at 250 GeV with 2 ab-1, recoil method:
generator-level extrapol. + ILD full detector simulation
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My / GeV
= Higgs factory at 250 GeV will explore a large untested region!
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Outlook

DESY

DESY particle physics will contribute significantly to the recently started ECFA study
on e+e- Higgs/Top/EW factories

Software & High-level reconstruction algorithm developments for e+e- Higgs factories

- Key4HEP

« kinematic fitting => exploit highly-granular particle flow detector for detailed error
analysis

« charged hadron ID with time-of-flight and specific energy loss measurements =>
detector optimisation

* machine learning in simulation and
Apply these to Higgs & BSM physics - implications on detector concept design?

40
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