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" Insights to “Planck Scale” at the Large Hadron Collider,
prospects

The Standard Model of particle physics has been tested at the LHC with an outstanding accuracy.

Its last particle, the Higgs boson, was experimentally observed 11 years ago by

ATLAS and CMS experiments at and has been studied with an increased accuracy since then.

Yet, all the particles of the Standard Model make only 5% of matter-energy budget of the

observable Universe. The Standard Model does not give an explanation why even this 5% exists.

Moreover, the Higgs boson seems to have “set” the vacuum of our Universe in an energetically metastable state.
The low value of now precisely measured Higgs boson mass, also remains a mystery from a theory point of view.
The LHC data analyzed so far corresponds to ~7% of what the LHC experiment will register

during the full machine life-time. The second year of the Run 3 of the LHC has just started and will

bring important amount of data.

Prospects and the relevance of LHC the physics of the Early Universe are discussed.

Disclaimer: This talk covers primarily CMS and ATLAS results, for LHCb results see Monica Pepe-Altarelli’s
talk on Wednesday.
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EXPERIMENT
The Outline

1) The Big Picture.

2) Prospects towards the “Planck Scale”
EWSB (and the vacuum potential),

CP violation (baryogenesis)
Dark Matter.
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The second year of Run3 started in April 2023
Run?2 data are still being exploited.

Particle Produced in 139 fb-' at Vs = 13 TeV
Higgs boson 7.7 million
Top quark 275 million
Z boson 2.8 billion (— £, 290 million)
W boson 12 billion (= #v, 3.7 billion)
Bottom quark ~40 trillion  (significantly reduced by acceptance)
For ATLAS&CMS
Run 3+2 (2022 end of 2025) ~5001/fb (factor ~4)

Run 4+3+2 (2029 end of 2032 ) ~1000 1/fb (factor ~7)
Run 5+4+3+2 (-  end of 2041%) ~3000 1/fb (factor ~20)

~statistical improvement factor ~2, ~2.5 , ~4.5
some measurements will be systematics/theory error
dominated. Higher statistic will allow for more
precise studies of systematics effects.
*Far future. We may face disruptive technologies
(see 2 ML talks later today by Claudius Krause and Matthew Schwartz ).. and disruptive events of unknown
consequences- obviously we live in a less stable world than we thought few years ago.
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Standard Model Total Production Cross Section Measurements
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The Big Picture, precision cross-sections.

Status: February 2022

500 bt

VAN .
80 ib™! ATLAS Preliminary
Theory
Vs =7,8,13 TeV

3 LHC pp Vs =13 TeV 3
X Bl  Data 32-139! -
E 3
- Ao LHC pp Vs =8 TeV .
= A Data 20.2 - 20.3fb! .
N LHC pp Vs =7 TeV
3 At B  Data 45-46f0! E
N & o0 .
3 & o o ola E
C ~ 3
L total n OO
3 Ao E
. e VBF e 3
C W .
. g ® g o "§ -
F VH - 3
- n A
E ttH n |
F (x0.3) wwz -
[ ArXiv:2303.15061, CMS-PAS-TOP-22-013 >x02@
E 0,,=22"0/b (ATLAS) =17*%%5 (stat, syst) fb(CMS) =~12+2.4fb(SM) E

PP Z tt t H WW WZ ZZ 't ttW ttZ ttt

t-chan s-chan WWV

tot.



s10adsoid ‘OHT oyl pue 9fedS €20TIoueld

ATLAS

EXPERIMENT

The Big P

Anna Lipniacka www.uib.no/ift

icture: No new particles vet.

Overview of CMS EXO results

CMS preliminary March 2023
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Scalar Diquark o O55T5TeN 191103347 2j)
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WMEM, VP =10, MuP=10 o 0.001-1.43 TeV 180202965 180510005 3e; = 1j + 28
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Selection of observed exclusion limits at 95% C L {theory uncertainties are not included).

0.01

0 .DTD Mass Scale [TeV] 11 i 1 dnﬂ TeV

In some searches, mass scales of ~ 5 TeV reached.

Slide 5

137 fo!
36 fb-!
137 fo!
36 fb~!
137 i~}
137 fo!
137 fo-!
137 fo!
37 fo-!

140 fo~!
140 fo-!
77!
77 ot

18 o1
140 fo-!
137 /0!
101!
140 fo!
36 fo!
137 fo!
101 fo-!
101!
36 o1
137 fo~!
16!
36 fb~!
138 fo~!
£
77 ol
103 fo!
137 fo-!
137 i~}
137 fo!

36!
38 fb-!
38!
36 o1

36!
36 fb~!
101 fo~!
36 o1
137 fo-!
137 fo!
137 fo-!

137 fo~!

137!
78!
137 fo!
36 fb-!
137!
36!
E
137 fo!



aMndeonid ‘“Ari ain niip aivac e P |

ATLAS Anna Lipniacka www.uib.no/ift CMS

EXPERIMENT

The Big Picture:The Higgs boson and friends (10+ years)

Why is the electroweak interaction The nggs field:
so much stronger than gravity?
« Are there new particles close to The only know elementary(?) scalar field. Related
the mass of the Higgs boson? . D) .
- « Is the Higgs boson elementary to the inflaton? Determines the shape of the
[y —— > ormade of other partioles? vacuum potential. Can we have another, deeper
* Are there anomalies in the interactions of . .
the Higgs boson with the W and Z bosons? minimum?
antimatter in the Universe? Can Higgs be a portal to Dark Matter?
* Are there charge-parity
viclating Higgs decays? Can CP viotation in Higgs couplings
\_, * Are there anomalies in the Higgs self-coupling 1 . h . 2
that would imply a strong first-order explain the matter-antimatter asymmetry ?

early-Universe electroweak phase transition?
* Are there multiple Higgs sectors?

What is dark matter?

* Can the Higgs boson provide a portal ;‘;:E:I'awe
to dark matter or a dark sector?

* |s the Higgs lifetime consistent Sm“ﬂ?f":l' Maodel

> with the Standard Model? potentia

* Are there new decay modes Vi)
of the Higgs boson? P

What is the origin of the vast range of quark Higgs field value

and lepton masses in the Standard Model? in our Universe

\_.. * Are there modified interactions to the / Cument
Higgs boson and known particles? exparimental
—— knowladge

* Does the Higgs boson decay into pairs of 0 1

quarks or leptons with distinct flavours #

(for example, H — u* 17)?

\ What is the origin of the early
Universe inflation?

12 480
SO T T T e R i) Gavin P. Salam™?, Lian-Tac Wang® & Giulia Zanderighi

https://www.nature.com/articles/s41586-022-04899-4.pdf
Slide 6



s10adsoid ‘OHT oyl pue 9fedS €20TIoueld

ATLAS Anna Lipniacka www.uib.no/ift CMS
orermiNThe Big Picture:The Higgs boson and friends (10+ years) Z

The main problems of the SM show up in the Higgs sector

- C\2 _
Vmgg.e = V;) o .u-fpiﬁb + ;{‘((}‘)1@) + [Wuzjl[/;ejq) + hC]

/ \ Guido Altarelli

Vacuum energy Passible instability Lepton Photon 2009
Viep~(2.107 eV)? depending on m,

Origin of quadratic The flavour problem:
divergences. large unexplained ratios
Hierarchy problem of Y; Yukawa constants

Higgs mass and interactions (thus width*) are related to big questions.

ATLAS, ATLAS-CONF-2022-068, https://arxiv. 0rg/abs/2207 00320

my = 124.99 + 0.19 [£0.18(star) = 0.04(syst)] GeV Ty =4.6'32 MeV @68%C. L.
o

CMS, Phys Lett. B 805(2020)135425 , Nat. Phys.18 (2020) 1329

my = 125.38 = 0.14 [+0.11(star) + 0.08(syst)] GeV ~ Lg=32"7 MeV_@68 % C . L
e

CMS PAS FTR-22-001

ATLAS+CMS, HL-LHC prospect T,=4.17%5MeV
CMS HL-LHC m H= 125.38 £ 0.07 ( £ 0.02 stat.) GeV

Masses of Higgs, top and W,Z are related and probe the consistency of the SM/

can indicate BSM physics
Slide 7 4.07 MeV in SM. Present limit on Br Higgs— invisible ~10%
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The Big Picture:The Higgs boson and friends (10+ years)

Couplings to fermions and bosons(~m; , ~m?2 ). Within 26 from the

SM. We cannot yet (significantly) challenge many BSM models.
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https://www.nature.com/articles/s41586-022-04892-x.pdf

Particle mass (GeV)
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The Higgs boson at 13.6 TeV

ATLAS-CONF-2023-003

G, s, [pb]
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The Big Picture:The Higgs boson and friends (10+ years)
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Some couplings will have an accuracy
approaching 1-2% at the HL-LHC.
This will allow to probe further some
of the SM extensions. Example here:
hMSSM to m, approaching 1000 GeV

September 2022
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S
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ATLAS Preliminary

hMSSM, 95% CL limits
Run 2, {s = 13 TeV

— Observed
--- Expected

300 400

1000

[ gg/bb H/A, HIA -
139 fo™
Phys. Rev. Lett. 125 (2020) 051801

| o) H H 5 v, 361 b

JHEP 09 (2018) 139
[ b(b) H/A, H/A — bb
27.8 o™
Phys. Rev. D 102 (2020) 032004
[ H—2Z - 4i/ivy, 139 fb”"
Eur. Phys. J. C 81 (2021) 332
A - Zh, h — bb, 139 fo™
arXiv:2207.00230
O o) H, H —tb, 139 fb”
JHEP 06 (2021) 145
O H - WW > Iviv, 36.1 fb
Eur. Phys. J. C 78 (2018) 24
I H — hh — 4b/bbyy/bbe
126 - 139 fo'!
ATLAS-CONF-2021-052
====h couplings [k, Ky, k4]
36.1-79.8 fb™
Phys. Rev. D 101 (2020) 012002
[ ttH/A, H/A —1t, 139 fo!
ATLAS-CONF-2022-008

2000
m, [GeV]
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EWSB: the top quark

155 160 165 170 175

My, [GeV]
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Q. o I T' t' ' b| d' ] 9e|s T Iv (L|< N 'be ;) ' L L L L ATLAS+CMS Preliminary Mip SUMmary, s =7-13TeV ~ Oct 2022
v Tevatron combine e . LHCtopWG
E 2 104 L ¢ ATLAS combined dilepton, l+jets* 5.02 TeV (L =257 pb™) ~ ATLAS+CMS Preliminary | fop
8 S = : /C_\:_II\_/ILSA%o(r%nblned e;(xl,_lﬂets 5. q2 TeV (L =27.4-302 pb™) LHCtOpWG  November20223 | ™™ v;rotrld comb. (Mar 2014) [2] total et
O - o CMSen/7TeV(L=51b") — sia
= LH 7TeV (L fl = total rtai
e © - : ATEA?SO rgblg%devett 2e0 2(fP )5 o) LHCiopwG 1 otal uncertainty Mgy & total (stat & syst] s Ret.
wm O e CMSeu8TeV (L= LHC comb. (Sep 2013) LHctopwe 24 173.29 & 0.95 (0.35 + 0.88) 7TeV [1]
(/7] ~ v LHC comblned* e 8 TeV L= 20 fo . World comb. (Mar 2014) =) 173.34 + 0.76 (0.36 * 0.67) 1.96-7 TeV [2]
Q ATLAS ey 13 T 39 ) LHotopwa
I 3| 9 cms eueﬁls TeVe(L o 35. 9 fo ﬁ) ATLAS, l+jets H——t 17233 £1.27{0.75 + 1.02) 7Tev [3)
CT 8 1 O E—s CMS t+e/n 13 TeV (L = 35.9'fb ‘)1 ATLAS, dilepton ——] 17379 + 141 (0.54 +1.30) 7Tev [3]
= = O ATLAS l+jets 13 TeV (L = 139 fb") ATLAS, all jets H——a——H 1751+ 1.8(14 £12) 7 TeV [4]
& o - A CMSl+ets 13 TeV (L =137 fb") | ATLAS, single top = 1722221 (0.7 +2.0) g Tev [5)
= L O CMS all-jets* 13 TeV L=253 ) !
e = | 4 ATLAS all-jets 13 TeV (L=36.1fb"' ATLAS, dilepton A 172.99 + 0.85 (0.41 £ 0.74) BTeV [6]
) + CMS dilepton,l+jets* 13.6 T (L= ATLAS, all jets ==t 173.72 £ 1.15 (0.55 + 1.01) 8Tev [7)
E S * Preliminary [ ] ATLAS, l+jets = 172.08 £ 0.91(0.39 +0.82) BTeV (8]
“h 900 s ATLAS b. (Oct 2018 H+H 172.69 + 0.48 (0.25 + 0.41 ,
) [ ] comb. (Ocf ) ( ) 748 TeV (8]
@ 2 1 02 — [ AA 1— ATLAS, leptonic invariant mass H=H 174.41 £ 0.81(0.39 £0.66 £0.25) 13 Tev (9]
r‘i o E 800k *# 1 E ATLAS, dilepton () I | 17263 + 0.79 (0.20 + 0.67 + 0.37) 13 Tev [10]
m < - [ 4 1 4 CMS, l+jets == 173.49 + 1.06 (0.43 +0.97) 7 Tev [11]
— [ 1 CMS, dilepton =t 17250 + 152 (0.43 + 1.46) 7 TeV [12]
O - ——— NNLO+NNLL (pg) 700k 17 CMS, all jets e 173.49 + 1.41(0.69 +1.23) 7 Tev [13)
L ——— NNLO+NNLL (pp) 3 15 o] = CMS, I+jets HeH 172.35 + 0.51 (0.16 + 0.48) B TeV [14]
% 1 0 Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 CMS, dilepton = 17282 £1.23(0.19 £1.22) & TeV [14]
— - CMS, all jets e 172.32 + 0.64 (0.25 + 0.59) B TeV [14]
= NNPDF3.0,m =172.5GeV, o (M_) =0.118 £ 0.001 3 .
2] = ’top 4 — CMS, single top H—H 172,95 £1.22 (0.77 +0.95) 8 TeV [15]
C T TS BN T T B E— T TS SR S W CMS comb. (Sep 2015) HH 172.44 + 0.48 (0.13 + 0.47) 748 TeV [14]
2 4 6 8 1 O 1 2 1 4 CMS. I+jels — 17225 + 0.63 (0.08 + 0.62) 13 TeV [16]
a CMS, dilepton e 172.33 + 0.70 (0.14 + 0.69) 13 TeV [17]
VE [TeV] CMS, all jets et 172.34 + 073 (0.20 + 0.70) 13 TeV [18]
CMS, single top e 17213 £ 0.77 (0.32 +0.70) 13 Tev [19]
ATLAS+CMS Preliminary Myp from cross-section measurements CMS, I+jets (%) ag 171.77 + 0.38 13 TeV [20]
LHCtopWG June 2022 CMS, boosted (%) et 172.76 £ 0.81(0.22 + 0.78) 13 TeV [21]
total st m,, * tot (stat + syst + theo) Ref. " Preliminan/
o(tt) inclusive, NNLO+NNLL
ATLAS, 7+8 TeV ——— 1729 3% g I B Lo \ | | |
CMS, 7+8 TeV —e— 1738 5§
ouS, 7:8 Te e orers sy 165 170 175 180 185
ATLAS, 13 TeV —_—— 1731 %) 4 Migp [GeV]
LHC comb., 7+8 TeV_LHCtopwG —— 1734 5% 5]
o(tt+1j) differential, NLO
ATLAS, 7 TeV H—=— 1737 7 (1514 55 6
CMS, 8 TeV (*) —_— 169.9 37 (1.1 37 %) " T p q k k t ~0 5 G
o ] oI BRA v 0 uark mass KkKnown to . eV
CMS, 13 TeV (*) ——i 172.9 57 9]
- [ o
o(tf) n-differential, NLO S t t d t
ATLAS net 6 Ty B soiie00t08:12 ystematiC errors aominate.
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The top quark at 13.6 TeV

EXPERIMENT

ATLAS-CONF-2023-006
— T 1 " T T T

T 40 T | I
=" - -
o —  ATLAS Preliminary ]
5 ~ ®eu+b-tagged jets 5
g, | 4 []+b-tagged jets ]
% i v [ +jets |
=4 = combined
= B Vs=13.6TeV, 11.3f0" |
2 Vs=13TeV,<1391b"
3 Vs=8TeV,20.21b"
2 4
£ Vs=7TeV,461fb —
Vs=5.02TeV, 026"
z== NNLO+NNLL (pp) 7]
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 _
m=172.5 GeV, PDF+ a4 uncertainties from PDF4LHC21 —
I N E U B SR
E = T T T T T T T T T T T T T T T T T LI
% 1.1 PDF4LHC21+scale PDF4LHC21 {7 QCD scales only =
_ = =
E 1 05 . S S SaS
o 1
%0 95 LR ALLUTOONULTE N AU NPT R R MR R E ERSRR T
N 3
o 0.9 =
© P T T B TR T
o
4 6 8 10 12 14
s [TeV]

10°

10?

Inclusive tt cross section (pb)

10

arXiv:2303.10680 ——————————————

e upleslenHets 136 TeV (L=1.211b b
% IHets 13 TeV (L=137 ")

¥ en13TeV(L=3581") CMS
s rrelpi3TeV (L=350M")
o enBTeViL=197h")
=196
O aljets 8TeV (L= 18417
m oep7TeV(L=5m"

O I+ets 7 TeV(L=23f")

| 3
T
T
z
=]
@
=
":

v alljets 7 TeV (L=3.54 ") T T T T
o eul+ets 502 TeV (L =27.4-302 pb™) F .
900 + -
g 800§ & ElE
= 700F 4
L B NNLO#NNLL B K E— YA i
PRL 110 (2013) 252004
= NNPDF3.0, m, = 172.5 GeV, «(m,) = 0.118 =
C_l | L 1 L | L L L | L 1 L | L L L | L 1 L
2 4 6 8 10 12 14

Vs (TeV)

Run3 data analyses ongoing and 13.6 TeV point added into the cross-sections scan
with preliminary but robust luminosity calibration. Run 2 results now reached
1.8% accuracy, more precise due to the new luminosity calibration

(ATLAS- CONF-2023-006) .

Slide 12
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EWSB:M,,, M,, M,__

[l
ba

ANN~ AN~ ¥ +
Y, Z/W v Z/W M v, 2/ ¥, Z|W

T z/w Z/W e
h°, HO, A°, H*
PRI Wi
BSM :\ :I \Nm
A N S NN

4 parameters of the EW
sector (a ,G _,m _,sin*0 )+

m andm = - DO (Run 2)
predict m  within the SM
Am =7 MeV A i
New M,, measurement from -l
ATLAS is very SM-like.
(ATLAS-CONF-2023-004) ATHAS 2017
ATL-I'{-E 2023

Slide 13
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ek'lﬂ--
< 9

without m,, (Glitter)

Overview of m, . Measuremanis

| II L |.I -
80.33 80.34 80.35 80.36

|

Il |I|| |III | 1l | | II | 4

IIII[IIIIlIIII |

80.37 8038 80.39

my, [GeV]

LEF Comoination | ATLAS Preliminary ™= =
(8=7TeV,4.61b" _ |
- ==
] 1@
- [ ] . -
® Maasurement - -
[ stat. Unc.
B Total Unc.
" SM Prediction ——
| I
80200 80300 80400

Mw = 80360+5(stat) +£15(syst) = 80360 +16 MeV
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m,, [GeV

W,

SM-like present picture.
This might change with
HL-LHC precision.

Note that assumed uncerta
compared to today.

a Lipniacka www.uib.no/ift

m

to

190

m; [GeV]

%

180

~ ATLAS —— m,, = 80.360 = 0.016 GeV ]
80.5—Preliminary B m = 172.84 = 0.70 GeV —
- <e=<my, = 12508 = 0.24 GeV ]
B mes 68/95% CL of m, and m, 7]
80.45 — 170
80.4[— -
8035 = _
: e B6B/A5%%: CL of Electroweak :
803 Fitwio m, andm,_ B
B 1 1 1 | 1 1 1 1 I 1 1 | 1 1 1 1 | 1 1 1 1 | 1 ]
80.25 165 170 175 180 185
ATLAS-CONF-2023-004 m, [GeV]

Slide 14

o M, and global SM fit

—

L e

| 68% and 95% prob. contours |

| 1) HL-LHC projections
1] Fitwio M, m,

L1 Full Fit (Current)
L L1 Full Fit (HL-LHC)

" CERN-2019-007

M= 172.8 = 0.4 GeV ;,f
B f_ff //
B ,f_d/’x M,,: BO.378 + 0.007 GeV
R HEPT
'_I HEEETETEE I
80.3 80.35 80.4 80.45
Mw [GeV]
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Huge effort presently focusing
on hhh vertex via hh production

Anna Lipniacka www.uib.no/ift

EWSB: Higgs self-coupling

(single h production helps as well) qoubie-Higgs production

Slide 15

ATLAS
-0.4 <k, <6.3

H
LY
~ F
i "_- i ™ gg
- 90%
\\\\\\\\\\\\\\\\\ H
q..
- T
VBF
! ’ 5%
I
» -
L |

opp—HH) @ 13 TeV =34 fb

~5k produced in Run 2

Present results (95 % CL):

arXiv:2211.01216

o B=box diagram, amplitude proportional to k2, &, = y;/y ¥

Amplitude: A(ke, k) = HfB +kek) T

CMS Nature 607 (2022) 60-68

—1.24 <k, < 6.49

o T=triangle diagram, amplitude proportional to k¢k), k) = AHHH//\f,ﬂH


https://www.nature.com/articles/s41586-022-04892-x
https://arxiv.org/abs/2211.01216

Anna Lipniacka www.uib.no/ift

EWSB: Higgs self-coupling

ATLAS

EXPERIMENT

2  Present predictions: “Evidence++” for hhh (if SM self-coupling ) : End of HL-LHC.
% Improvements in the prospects in the pipe-line, profiling towards 56, ATL-PHYS-PUB—2022-
w053
72!
§ CMS
m 1 I 1 1
102 = bb bb bb =
5 ATLAS and CMS  HL-LHC prospects 3 ab' {14 Tev) --—*— b E
- . I T - .
& = [ . | SM HH significance: 4a | Combinat i e i
- c [ ; — Combination 10 —
b [ 1| 01<i<23[95%CL .' ~ s - e
@ voro 05 <k < 1.5[68% CL ; "o+ by ﬁ N 3
3 Rt b U =
ool o o S o i F :
b Y 3 "=~ bbbb € x | I | |
7 . . : : 1 bb ¢ Combined f
f' bbZZ* (41} E ]
. YA ! 3 :
952, CL 4_—: - == bbWW{ vk} % 10 : i 3
6% CL [ n W 3% : T 5 -
l:l' [ e 'y ! ﬁ-1'1':'-|'-|'dl':-|-I_l-l'l'l"| ‘|'|-|1-|-i.|4 J 4-1] q I I >3£, _I-_ U‘I‘_‘IEH"I:M
2 1 o0 1 2 13 | 4. 5 6 7 8 \}\D@f‘ Q&&ﬁ & ---- Median expected
Current limit: K3 & [l6s% expected
& []95% expactad

-1.1 < Ky, < 6.6 T U

1B- 2022- 018

CMS-PAS-FTR-22-001

Slide 16
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Baryogenesis

Needs new sources of CP violation.

CPYV in Higgs Yukawa couplings to taus and tops ?

Other ideas?
-Sphalerons ?
-Darkogenesis- CPV in DM sector ?
-Any ‘“‘generic” way to search fo CPV at the LHC?

Experimental efforts ongoing to pin-point CPV in Higgs—VV couplings.
However its relation to fermion-antifermion asymmetry less straightforward than for
CPV in Higgs— fermion coupling .

Slide 17



s10adsoid ‘OHT oyl pue 9fedS €20TIoueld

Anna Lipniacka www.uib.no/ift

ATLAS
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CPV in tau-Higgs Yukawa coupling ?

Example: To measure the CP state we need to measure a distribution of an angle

between the two decay planes.

CMS Simulation 13 TeV
:' B T T T I 1 T T | IIIIIIII I T T T T I T 1T T T ]
< | = CP even ==== CP odd i
0.1 == CP mix - Y4 —
i Her ]
0.08- * ’
0.06
0.04
0.02
|t —= ot ) P >33 GeV
B 1 L1 1 | L1 L1 | 1 | I l 1 11 1 | 11 - | 1 11 1
0 60 120 180 240 300 360

q)cp(degrees)

arXiv:2212.05833 ATLAS: The observed (expected) value of o is 9°+16° (0°+28°) at the 68% CF

JHEP 06 (2022) 012 CMS The observed (expected) value of 0._is -1°+19° (0°£21°) at the 68% CF

Slide 18
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-2 AlogL

arxiv:2012.13922 ,1510.03850 : Phase Precision of 3-5° needed to test some of the baryogenesis models.
Can we add more precision to the CP measurement by testing other Higgs boson decay channels?

Anna Lipniacka www.uib.no/ift

CPV in tau-Higgs Yukawa, prospects.

CMS PAS FTR-22-001

CMS Supplementary Projection, 3 ab™ {13 TeV)

g

Iglll

g|||

— With YR18 syst uncert, - 65, =05
— With YR18 syst. uncert. + bbb : figy = 05 //
— With Stat. uncert. only: 5, =0 +5 .
— With Run 2 syst. uncer. : Gay, =0+5

H— T717Y? [JHEP0I1(2022)053]

Slide 19

HL-LHC :
CP phase sensitivity prospects:

~5° (~15° for 30)
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CPV in top-Higgs Yukawa ?

ttH, tH with H— bb (ATLAS) and H— multileptons (CMS)

arxiv: 2303.05974

ATLAS: a=110+2

arXiv:2208.02686

2~ ¢ Bestfi =11 k/=0.84

® SMCP-aven: =0 r=1
CP-odd: o =9{|’v, .H::=1

CMS 138 fb' (13 TeV)
— 40 t:é"' 2 LI B Y B B L B N 1
E 'ATLAS IIIIIIIIIIIIIII = —BB%CL —85% L E
w | 1 ] M
. L 5 =13 TeV, 13816 1l 15 o Bestfit @ SM expacted ﬁ
¥ o2 ] \
[ 1|30 1:_ E
1 7l - : :
i 1 7 ﬂ.ﬁ_— —
B {20 g - 0 E
I 14 S B ]
- 1 —ﬂ.ﬁ:— _:
. n z
- i -1
2

|
IW

K; COS Cf
Compatible with no CPV. MYV methods used. Uncertainties are huge, but will
improve with statistics.

Slide 20


http://arxiv.org/abs/2208.02686
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ATLAS

CPV in top-Higgs Yukawa ?

ttH coupling from tttt final state , with the tiniest x-section measured so far at the LHC.

(a=0,k_t=1for CP even SM coupling)

ArXiv:2303.15061,
: 2.5 T T T T | T T T T | T T T T I T T T T I T T T T J_ j A -
3 T ATLAS —68%CL(Obs) ] _|g &= H <t
= - _ . < 5 Lo Z-_
7 [ Vs=13TeV, 140 fb’ —95%CL(Obs) ] _|g < .
E 2: {tH parametrised ---68% CL (EXP-)_: 7 ) *
= - - - 95% CL (Exp.) - 2 < i
15— X SM 1 16 O
B T + Best Fit 1 5 CMS Preliminary 138 fo (13 TeV)
— _4 IIII|IIII|IIII|IIII|IIII!IIII TTTT TTTT ||I|]|||||||||||||||||||||||||||||
] E Expected
: | 3 4z - E 0 02'80 . Observed
] -2 3¢ o = 13.4%151b . | 500
-1 1 arXiv:2212.03259 3 50
l L 1] =0
2¢SS - o
2 2.5 0 E—
| x; cos(a)| : f -
Combines | 5 e
IIIIIII,IIIIlIIIIlIIII ||||I||||||||||||||||I|I|I||||||||

IS A WA
4 3 2 -1 0 1 2 3 401234567

CMS-PAS-TOP-22-013 et Significance
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Anna Lipniacka www.uib.no/ift

Search for CPV, other ideas?

Sphalerons, lots of theory papers
one LHC result so far ( JHEP 11 (2018) 042)

Generic search for CPV ? arXiv:2212.09433
Could this include CPV in DM, 1f
DM 1is produced?
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Anna Lipniacka www.uib.no/ift

Dark Matter

Higgs boson as a portal to DM, H— invisible
Simplified benchmark models.

2HDM with DM

SUSY DM
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DM:Higgs— invisible

1 —— — 95% CL limit for H - inv:
0¢ fortov Azt o oonened ATLAS: 10.7% (7.7% exp.)
' VS=8TeV,20.3 b’ I + o CMS: 15% (8(%3 exp.)
0.7 Vs =13 TeV, 139 ' [1+2¢ ATLAS:arXiv:2301.10731

CMS: arXiv:2303.01214

BR(H— 17) =6.3 % . Is “simple” Dirac fermion DM already in
trouble without additional Higgses?

95% CL upper limiton B, , .,

49" (7 TeV), 19.7 b (8 TeV), 140 fo' (13 TeV)

." ) 1 1 LI II ] T 1 VT TF II ) T 1 ) LI
., CMS 90% CL limits

B(H — inv) < 0.14

2 Higgs portal models

e, . =~ - Mazjorana farmion Did
"
O 8 g i = - - Scalsr DM

T . B2 vector pm e

L) S &
"y o [[=F ERT
A — .'I Vactar I:If'.-'lm, oiaay

# - - ! .' sl
¥ il |
" = Vactar Db iy

HL-LHC sensitivity prospects:
H— inv < 2.5%

+ n®
£ - P L

DM scattering via H ¢g,,...... cm

CMS PAS FTR-22-001 e Direct-detection
o sess CRESST-III
il sens DarkSide-50
s sens PandaX-4T
R \ vesn LUX-ZEPLIN
1 1 1 L1 18 II i 1 1 L1 1 81 I 1 1 1 | I I |
10 10° 10°
sensitivity down to low masses My (GeV)
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Searches in simplified models: close to “generic”

Dark Matter searches?

q g X

q a specific model \ g
E10YE T g
(&) E 3
=108k =
c E 3
S 10°%% .
5 2 s
210 E
ppens ;
107
©107%¢ E
100 :
= =
10°*Lt  ATLAS 90% CL limits |

F Vs = 13 TeV, 139 f'  YENONIT
1 0_45 E Dirac Fermion DM LUX E
1 0—46 - ﬂ = 0.25Ia =1.0 Axial-Vector Mediator
10—47-:|- | Lol Lol 1 |||||||]:—

1 10 10 10° o*

m, [GeV]
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prot g DM
rot _
P DM
Generic : p+p— DM DM to be
related to DM+p— DM+p
DM ! DM
pro proton

Example ATLAS result, for a specific
model. Results competitive with the
direct search for DM scattering on nucleons
But model parameters dependent !

Phys. Rev. D 103 (2021) 112006


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.112006

DHT a1 pue d[eds €70Toueld

smadsoad

) [em?]

x-proton) [

Osp

ATLAS

EXPERIMENT
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DM Searches in simplified models, examples:

In practice, a specific simplified model

with a DM and a mediator

can result in many different final states
The results can be interpreted as

limits on DM-nucleon SD scattering
x-section (for example).

Sensitivity goes down to low DM
masses. Topologies that matters

are model parameters dependent .

different topologies used for different

1]())arameters

c ATLAS Preliminary
=10 £V5 = 18 TeV, 29.3-139

1073
10740 ¢
104

1042

10748k

104 E

107

L

phl vl kel ol

PRI A R

10746

1 10
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— Dilepton

139 fb™'; PLB 796 (2019) 68
— Dijet

Dijet, 139 fb'; JHEP 03 (2020) 145

Dijet TLA, 29.3 fo™"; PRL 121 (2018) 081801
&= bb resonance

139 fy 1 JHEP 03 (2020) 145

.

E7.47, 138 b; JHEP 02 (2021) 226
E7**+jet, 139 fb'; PRD 103 (2021) 112006
— PICO-60 C,F,

PRD 100 (2019) 022001

CMS Prellmlnary Moriond 2022

Axial-vector mediator

- -
@ o]
o [=]
o [=]

Dark matter mass M, [GeV]

Mjjeq = 2 X Mpy,

Exclusion at 95% CL
— Observed

= = = = Expected

Boosted dijet (77 o)
[arXiv:1909.04114]

Dijet w/ btag (19.7 fb!)

[arXiv:1802.06149]

Dijet w/ISR j (18.3fb7)
JarXiv:1911.03761]
Dijet (35.9-137 fb)
——— [arXiv:1806.00843]
JarXiv:1911.03947]

DM + jV(qq) (137 tb)
farXiv:2107.13021]

DM + v (35.9 fb™)

[arXiv:1810.00196]

DM + Z(Il) (137 fo)
[arXiv:2008.04735]

Mediator mass M, [GeV]

Example topology, to define
couplings.
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Two Higgs Doublets Models (2HDM)

interesting extensions of the SM

SM: one “complex doublet”’= 4 fields
&+ Mass=Transverse polarization for
( ) W*  Z" and SM scalar h boson

o) 0y
$; = — 1. &y = - .
! (“*1 + 1 + f;(lh"-*’z) ’ (U‘JE + 12 +E'J{EJI*~*’E)

BSM: two “complex doublets”= 8 fields
=Transverse polarization for
W*  Z" and 5 Higgs bosons H" , A, H and h

2HD models do not “spoil” precise EW measurements and
involve additional symmetries making the existence of Dark
Matter (DM) possible. Compatible with SUSY

Simplified 2HDM used for DM search, next slide.
Slide 27
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Higgs boson and Dark Matter, 2HDM + new bosons

(Mono-Higgs search)

h
h g "
“2HDM+a | |
X
a™ e X - - -
g X

Run 2: Published results with
H—)’Y’Y ’ H—- bb [JHEP 11 (2021) 209], H-
TT ... combined for DM search (ref)

CMS Phase-2 Simulation Preliminary 3000 fb™" (14 TeV)
L L

| | | E
— my=750 GeV ]

© g

o [ 1

2 — m,=500 GeV

© 7 _

O 't — ma=250 GeV

c | ]

381 2HDM-a, H-bb + piiss ]
B tanB=1, sin6=0.35,

3 F my =10 GeV

B oF

(D] |

g

W 4 \ ]
3 N 7
2f .
0__ a

L L | L L L | L L L | L L L | L L L | L 1 L | L 1 L | L 1
1000 1200 1400 1600 1800 2000 2200
ma (GeV)

L L | L
800
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e}

DM-nucleon cross section [cni]

, 4w 2HDM+

JHEP 10 (2021) 13

10_29 T T T 1T TTT | T T T T TTT | T T T T TTT
pp = h(yy) +x 7, Z'B, Dirac DM
107 sind=03,g =1/3,g =1 ATLAS
e — -
Vs=13TeV, 139 ft'

107
90% ClL:
107%
107

1098~

-

107

0% T

SpIN-INAEPENdENT ooz

I[IIIIII 1 IIIIIIII 1 1

10747
1 10 102 10°

DM mass m, [GeV]
Example results: can be related to
direct searches for DM scattering
on nucleons, here spin-independent


https://link.springer.com/article/10.1007/JHEP10(2021)013
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CMS

Supersymmetry (SUSY) has been desperately searched for.

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2023 Vs=13TeV
Model Signature  [L£dt[fb™"] Mass limit Reference
i, -4t Oep — 26jets ER™ 139 1.85 m(¥})<400 GeV 2010.14293
% mono-jet  1-3jets  EP™ 139 g [8x Degen.] 0.9 m(g)-m(X;)=5GeV 2102.10874
R Oeu  26jets Ep™ 139 [z 23 m(EY)=0 GeV 2010.14293
S z Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
Bz zoqawi Teu 2-6 jets _ 139 | & 2.2 mp{‘\')<eooeev 210101629
QO gz g-qaOX] ee, ppt 2jets  EP™ 139 |2 2.2 mV'(, )<700 GeV 2204.13072
B gz oWzl Oeu  7-11jets EP™ 139 |z 1.97 m(¥}) <600 GeV 2008.06032
% SSe,u 6 jets 139 |2 1.15 m(z )mm) 200 GeV 1909.08457
S g goit) 0-1ep 3b EP™ 139 & 2.45 m(F))<500 GeV 221108028
SSe,u 6 jets 139 4 1.25 m(z)-m(¥1)=300 GeV 1909.08457
bib Oe,u 2h EFsS 139 | By 1.255 m(¥})<400 GeV 2101.12527
by 0.68 10 GeV<Am(b; X1)<20 GeV 2101.12527
@ & by, b—b¥s — bik] Oeu 6b EE‘“ 139 by Forbidden 0.23-1.35 Am| x,,n =130 GeV, m(t)) =100 GeV 1908.03122
E % 27 2b EP™S 139 |5 0.13-0.85 Am(E3.¥))=130 GeV, m(¥})=0 GeV 2103.08189
§ .§ i, foity 0-1e,u >ljet  EP™ 139 |7 1.25 m(E%)=1 GeV 2004.14060, 2012.03799
c S Al AoWhY Tep  Bjetshb EPS 139 |7 Forbidden " 0:65 m(¥)=500 GeV 2012.03799
% = fi, h—>%1bv, #1516 1271 2jets/1 b E'“f"” 139 f Forbidden 1.4 m(71)=800 GeV 2108.07665
s & iR, ook /6, tock) 0ep 2¢c  Epe gt [z 0.85 m(E)=0GeV 1805.01649
“©T Oe,p mono-jet EF™ 139 |7, 0.55 m(f,,&)-m(¥})=5GeV 2102.10874
171, o thy, ¥a—Z/ht) 1-2 e, 146 EPS 139 |7 0.067-1.18 m(¥3)=500 GeV 2006.05880
hiy, hoh +Z 3eu 1b EMS 139 |7 Forbidden 0.86 m(¥})=360 GeV, m(7,)-m(¥})= 40 GeV 2006.05880
YiWS viawz Multiple ¢/jets ) Ei?ﬁ‘ 139 LG 0.96 “ma?‘,’)zo, Wino-bino 2106.01676, 2108.07586
ee, >ljet EP™ 139 | X[ /X, 0.205 m(¥i)-m(¥1)=5 GeV, wino-bino 1911.12606
XX viaww 2eu EPS 139 | 0.42 m(¥})=0, wino-bino 1908.08215
pens ‘z’ via Wh Multiple ¢/jets EPSS 139 | X5/  Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
L. Xiki via [L/v 2equ EPS 139 | ¥ 1.0 m(Z,7)=0. 5(m(X.)+m(X| ) 1908.08215
= 8 ol 27 EpS 139 7 L TR,L) NOHG03] 0.12-0.39 mm 1911.06660
W= 7 jiig, I-60) 2ep Ojets  EF™ 139 |7 0.7 m(i})=0 1908.08215
ee, >1jet  EMs 139 |7 0.256 m(®)-m(E))=10 GeV 191112606
HH, H->hG/ZG Oe,p >3b EE‘“ 36.1 )4 0.13-0.23 0.29-0.88 BR(X; - hG)=1 1806.04030
dep Ojets  Ex™ 139 | g 0.5! BR(Y] — ZG)=1 2103.11684
Oep >2largejets ET™ 139 | | 0.45-0.93 BR(¥! — 2G)=1 2108.07586
2epn >2jets E'““* 139 | @& 0.77 BR(F! — ZG)=BR(¥} — 1G)=05 2204.13072
Direct ¥1X] prod., long-lived ¥} Disapp. trk ~ 1jet  Em 439 )gz 0.66 Pure Wino 2201.02472
S X1 0.21 Pure higgsino 2201.02472
1) .
g % Stable g R-hadron pixel dE/dx E?f“ 139 4 2.05 2205.06013
ST Metastable g R-hadron, F—qqt] pixel dE/dx Ep's 139 |2 [x(® =10ns] 2.2 m(¥})=100 GeV 2205.06013
§ 8 @6 Displ. lep EMS 139 | éq 0.7 (?)=0.1ns 2011.07812
| T 0.34 7(7)=0.1ns 2011.07812
pixel dE/dx Ems 439 |z 0.36 w0 =10ns 2205.06013
X /)(1 i —ze—tee 3eu 139 Pure Wino 2011.10543
)?T”T IS = wwjzeeetvy depn Ojets  EMss 139 1.55 m(%)=200 GeV 2103.11684
22, ga%qX?,Xl - qqq 4-5 Iargejets 36.1 1.9 Large A7, 1804.03568
> 7 “ﬂﬂ?l,/\h/l — ths Multiple 36.1 m(¥})=200 GeV, bino-like ATLAS-CONF-2018-003
& b X o bbs > 4b 139 Forbidden m(¥})=500 GeV 2010.01015
i, fi—bs 2jets+2b 36.7 0.61 1710.07171
i, i—oql 2ep 2b 36.1 0.4-1.45 BR(7, —be/bu)>20% 1710.05544
1u DV 136 1.6 BR(f1—qu)=100%, cosf,=1 2003.11956
T 103103, 20, —tbs, X1 —bbs 12eu  26jets 139 |0 0.2-0.32 Pure higgsino 2106.09609
; ) . . )
Only a selection of the available mass limits on new states or 10 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.

Slide 29

Results
are interpreted
in simplified
models.
or EW
roduction

reaching
1 TeV



s10adsoid ‘OHT oyl pue 9fedS €20TIoueld

ATLAS

EXPERIMENT

Anna Lipniacka www.uib.no/ift

Searches for EW produced sparticles, examples

CMS Phase-2 Simulation Preliminary

3ab' (14 Tev)

PP — XX + pp — 1K3, X — ZX5, X5 — WX
- == Expected 95% CL limit
— Expected 5 ¢ discovery

-
-
-

IIIlll

=
95% CL upper limit on cross section [pb]

IIllllllllllllll[llllll[llllll[

>’
CMS Freiiminary 137 b (13 TeV) 8 45
= 70 ~+~0 —0-0 —_
(o PP — XX, > WZx.X, -« Expected o5
0] 1
= —— 2/3l soft E 40
£ 60 >3l — Observed 3
ol Combined é 35
E 50 :
L 30
40 CMS-PAS-SUS-2-008 o5
30f- 20
20 15 -
10
10 =TI B

-‘llllllllllllll

HL-LHC projections ar

100 150 20

250 300 350

400

ifficult, they tend to be ‘“‘beaten”

by current results. Analysis techniques become better than

expected.

Searches for EW produced electroweakinos and sleptons can
succeed even if squarks and gluinos are beyond the reach. The
reach often depends on mass relations between sparticles and
compressed scenarios are often difficult. They can be interesting
in some interpretations: (g-2), relict density.
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CMS

IIIIIIlIIIIlIIII

— — — Expected Limit i R
s Observed Limit ”Ln
~ — — Expected Limitfi, "
Observed Limit n
Expected Limit ﬁj
Observed Limit no
ATLAS 13 TeV ﬁm excluded
I LEP [ excluded
ATLA§[¢L soft lepton excluded
ATLAS [i_ soft lepton excluded
ATLAS 8TeV fi, excluded
ATLAS 8 TeV ﬁa excluded

ATLAS

Vs=13 TeV, 139 fb!, All limits at 95% CL
ref

m, 1GeV]


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-02/

s10adsoid ‘OHT oyl pue 9fedS €20TIoueld

ATLAS

EXPERIMENT

Desperately seeking SUSY DM

Simplified models do not tell the whole story. Parameters scans
even in pMSSM are difficult. “The “latest” one from ATLAS is

still on Run 1 data. GAMBIT collaboration finds a “moderate excess” .

Eur.Phys.J. C79 (2019) no.5, 395

No limit yet on the SUSY’s favorite DM candidate (LSP)
pMSSM scan of ATLAS Run 1 data. JHEP 10 (2015) 134

%, 000 Y
-ﬁﬁ. J_I‘
¥ |
i

Measured
relic DM
E_H_ 10
10%
i
| B Wike LSP
ATLAS W B-tike LSP
Before ATLAS Run 1 B A-like LSP
104
[ig iy
miE,) [GeV]

DM particle mass
(a) Before ATLAS Run 1.
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107
B W-like LSP
ATLAS M B-tike LSP
After ATLAS Run 1 B FHiike LSP
ot i
L g 107
mii, ) [GeV]

(b) After ATLAS Run 1.
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Hopes and challenges

Higher- performance detectors coming up for the Run 4 !

Nature Review

Higgs bosons per fo—1 (13 TeV)

produced | selected
H — ~~ 130 46
H = ZZ2" 1400 1.5
H — WW* 12000 42
H— 71 3500 17
H — bb 32000 66

Source: K. Tackmann
Higgs symposium

There is a room
for improvement
on the selection
level, starting with
trigger algorithms

Sensitivity Sensitivity Ratio  Additional

Years of data  without machine with machine of P data
Analysis  collection learming learning values required
CMse 2011=2012 2.2, 2.7a, 4.0 51%
H — FP=0014 P = 00035
ATLAS®  2011-2012 254, 3.4, 18 | 85%
H—s 7t F=0.0062 F=000034
ATLAS™  2011-2012  19s, 2.5a, 4.7 73%
VH — bb P =0.029 F = 00062
ATLAS®Y  2015-2016 2.8+, 3.0, 19 15%
¥H — bb P =0.0026 F=000135
CMglx 2011-2012 14, 21a, 45 1259%,
WH — bb F=0.081 F=0018

ML methods used for classification of physics objects, event reconstruction, simulation and modeling,
data analysis. Hopes for ‘“‘unsupervised learning” to form ‘‘general classifiers’ to distinguish SM from
BSM, CP conservation from CP violations etc etc. Will these methods be “explainable” ?

With flat computing budget we have no other choice but an ageressive R&D. or we cannot tackle HL-LHC

Run 3 (u=55) Run 4 (1=88-140)
T T

Run 5 (u:1657200)
TT

0||||||||

I T —T T
5 S0 ATLAS Preliminary
g« I 2022 Computing Model - CPU
2 L
= 40~ « Conservative R&D
S T v Aggressive R&D '_x"'
=4 | — Sustained budget model =5
g 30 — (+10% +20% capacity/year) -
g B s
) B
2 20
o L
= C
=] -
g top
11 | 111 | | -

»

|IIIIIX

‘|
X

—]III|IIII|

2020 2022 202‘4 2026 2028 2030 2032 2034 2036

Year
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a 20000
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https://indico.cern.ch/event/1135177/contributions/4763035/attachments/2473637/4245670/HiggsSymposium-new.pdf
https://www.nature.com/articles/s41586-018-0361-2
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Conclusions

The program of the (HL-)LHC will continue to span a very
wide range of physics topics, within the Standard Model and
beyond, with unprecedented sensitivities.

Summarized a handful of projections, many other exists,
but not (yet) in all areas of the LHC physics.

The assumptions made are typically conservative — rapid progress
continuously achieved by the LHC analyses — Run 2 results are
competing with some of the older HL-LHC projections.

“Disruptive technologies” might bring rapid progress beyond
expectations (or we might just need them to survive within computing
the budget).
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CMS

DAQ & High-Level Trigger
https:f{eds.cern.chfrecord /2759072

l Level-1 Trigger
https:ffeds.cern.ch/frecord /2714892

Barrel Calorimeters
https:ffeds.cern.chfrecord /2283187

The CMS Phase-2 Upgrade

* Full optical readout
* Heterogenous architecture
» B0 TB/s event network

* 7.5 kHz HLT output

* Tracksin L1 Trigger at 40 MHz
* Particle Flow selection

* 750 kHz L1 output

* 40 MHz data scouting

“CMms  High-Granularity Calorimeter
- #== Endca

* https://cds.cem.ch/record/2293646
|+ 3D showers and precise timing
* Si, Scint+51PM in Ph/Cu-W/55

Tracker hitps://cds.cern.ch/record /2272264
* 5i-5trip and Pixels increased granularity
* Extended coverageton =4
+ Design for tracking in L1 Trigger

Beam Radiation Instrumentation and Luminosity

* Beam abort & timing
* Beam-induced background

« Bunch-by-bunch luminosity: 1% offline, 2% online
+ Neutron and mixed-flald radiation manitors

» ECAL single crystal granularity readout at 40 MHz
with precise 30 ps timing for efy at 30 GeV

* Spike rejection

* ECAL and HCAL new Back-End boards

Muon systems ===
https:{/cds.cern.chfrecord 2283189
* DT & CSC new FE/BE readout
* RPC BE electranics

* Mew GEM/RPC16<n<2.4
* Extended coverageton =3

MIP Timing Detector
hitps://cds.cern.chfrecord/2667167

Precision timing with:
* Full coverage ton =3
' 30-50 ps tirme resolution for MIPs
« Barrel layer: Crystals + SiPMs
* Endcap layer: Low Gain Avalanche Diodes

Gabriella Pasztor »
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* New systems in the cavern:

. : (pixels + strip detector) with

eta coverage up to 4

in the barrel inner
region, in the end-cap inner region

region

and detectors (TGC/RPC/MDT)

readout at 40 MHz

Upgrades of luminosity and forward detectors

 New TDAQ off-detector electronics:

. . calorimeter, topological, Semiconductorfracfer

Anna Lipniacka www.uib.no/ift

N
&

New High Granularity Timing Detector (HGTD)

New inner tracker (ITK)

in the forward

M, Te calodmeters
“4  LAr hadranic end-cap and
1 \ 4, Torwarnd calonmetens
mal cletector '*-\
Taraid mc-gnsﬂs | AAr electremognetic colodmeters

Muson :h.:.-.-.bgﬁ Solpnoid mognat | Transifionfradiofion frocker

muon, global, CTP (FPGA-based boards)

for all ATLAS detectors

processor farm and

M=

New muon detectors (RPC + sMDT + TGC)

Front-end replaced for calorimeters and muon detectors

HCE2022 - 20 May 2022
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The “EarlyUniverse” project

I J‘ W NATIONAL SCIENCE CENTRE
ARl MTOLAND

Norway
The research leading to the results presented in this talk has received
grante funding from the Norwegian Financial Mechanism for years 2014-2021,
grant nr 20 19/34/H/ST2/00707

_Universe

Understanding the Early Universe:
interplay of theory and collider experiments

Joint research project between the University of Warsaw & University of Bergen

Theory & Experiment
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Mono-jet search, SUSY oriented Dark Matter search
J

%% q J
N 7

X .’

X

r

§=(i1,d,&3)y
"7 i i :n._{u = ||li1|(?n;_:::1_;ﬂ -5 GeV
753 — ets ¢ Allows to explore mass space
- === [2010.14293] . .
= oy of possible supersymmetric

particles (gluino and squark)
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