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Acceleration complex at CERN

» The Large Hadron Collider (LHC) extends to both sides of the Franco-Swiss border

» Proton bunches are produced, split and accelerated sequentially through different accelerators

before injection into the LHC

» Done with Run 2 at 13 TeV (2015-2018) — several analyses ongoing

» Preparation for Run 3 (2022 to 2024) and HL-LHC
(at least 160 fb—1 for ATLAS and CMS at /s = 13-14 TeV)
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LHC / HL-LHC Plan with extended LS2

» Start of Run 3 beam commissioning is scheduled for March 7th 2022
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Acceleration complex at CERN

» During Run 2 the LHC delivered to CMS a total of 163 fb~! of integrated luminosity for
proton-proton collisions at /s = 13 TeV

- CMS recorded a total of 150.5 fb—1 with an overall efficiency of 92.5%
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BN
CMS BRIL system

» Sonora and IBERO contributing with PLT, 40 MHz scouting, TEPX and PCC systems
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I
Mexican participation in CMS upgrade

» Luminosity and radiation measurement: BRIL System

W6 | 3007 L 2018 20190 2020 2021 0 W22 | 2023 0 2024 2025

Insall and
comamission

Luminesity Design and Frotolyping I

[ e ——, '3';5;'.':',’.’,’.,“.1. E|m“| S
moniors ' ] . ' .
Concepisal Schedule
0.0 02 04 0.6 08 10 12 14
= ! i / 2 - 2 = L
§ 1200 iy
= ||| l ||H ||| ||| | 1e
= == I I l | 20
=5 S B Wi
= I I I I I i
600
N R T E I T RS ::” ”:: i o ! oF
- I I I L2
LI=SEES S R R I S S il i, I, ", [2s
S Y T W i ||” |\" il oG} g e et e e 3z
200 | 1 . TEPX il 4.0
E=:2 1 E h ; i E e g iy
o FTRDRINT W e @w . m 1 IO
z [mm]

Jjavier.murillo@cern.ch



SM measurements at CMS

June 2021 CMS Preliminary
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H production

Higgs production at the LHC

» Observation of Higgs production in the ttH and VH channels was reported by CMS during 2018

L

a(pp - H+X) [pb
=
o LI HHH‘

[N

T
<
2
o %N
Z

[¢A NI A
o Zz;
*Nlo\o
o

2 \let !
o\ =

|z

z

(s)

m

2

Q

o

i

B

9

\\\\HH‘

101

1072

S EUE S S
M(H)= 125 GeV -

o+ NLOEWD

LHC HIGGS XS WG 2016

C
N3LO,
pp_ "

6

7 8 9 10 11 12 13 14 15
s [TeV]

Jjavier.murillo@cern.ch

uggF”

9 sy
> H
9 000000 88%

“VH”

uVBFu

“ttHH

gmmé

0200000
g 1% t

9 /47



ttH production at the LHC

1539 0BSERVATION OFTTH
YATLAS
EXPERIMENT PRODUCTI QN

alts Press Blog

New ATLAS result establishes production of Higgs boson
in association with top quarks

This rare process is one of the most sensitive tests of the Higgs mechanism
Lice 4th June 2018 | By ATLAS Colaboration
LHep 2018

According to the Standard Model, quarks, charged leptons, and W and Z bosons By CMs
obtain their mass through interactions with the Higgs field, a quantum fluctuation of

which gives rise to the Higgs boson. To test this theory, ATLAS takes high-precision

measurements o the Iteractions between the Higgs boson and these particles Observation of ttH production
While the ATLAS and CMS experiments at CERN's Large Hadron Collider (LHC) had

observed and measured the Higgs boson decaying to pairs of W or Z bosons,
photons or tau leptons, the Higgs coupling to quarks had not - despite evidence -
been observed,

“The observation of a Higgs boson In 2012 at the Large Hadron Collider marked the starting point of a broad

In results presented today at the LHCP2018 conference, the ATLAS Collaboration has experimental prop: model the
observed the production of the Higgs boson together with a top-quark pair (known ples to fermions in a witha

as "ttH" production). Only about 1% of all Higgs bosons are produced through this mass. While decays Into yy, 22, WW, and tt dthere is drect
rare process. This result establishes a direct measurement of the interaction decay of the pi P the decay piype g state s not

between the top quark and the Higgs boson (known as the “top quark Yukawa
coupling’). As the top quark is the heaviest particle in the Standard Mode, this
measurement is one of the most sensitive tests of the Higgs mechanism.

Therefore, ItIs of of tothe
top quark, the heaviest known fermion, by producing the Higgs I the fusion of a top quark-antiquark pair left
dlagram) or through radiation from a top quark (right dlagram).

Jjavier.murillo@cern.ch 10 / 47



H production

2018 - Observation of Higgs production in the ttH channel

» The combined best fit signal strength normalized to the standard model prediction is 1.26

+0.31
—026

» Combination of 7 TeV (5fb—1), 8 TeV (20fb—!) and 13 TeV (36fb—!) data

g
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H production

Higgs decays at the LHC

» Observation of Higgs decays via H— bb and H— 77~ channels was reported by CMS during
2017 and 2018 respectively
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Higgs mass / Golden channels

» CMS collaboration has announced the most precise measurement so far of this property:
125.35 GeV with a precision of 0.15 GeV, or 0.12%

» Using mostly ggF and VBF production modes

H—4¢

CMS Experiment at the LHC, CERN
Y| Data recorded: 2016-Oct-09 22:33:24.645376 GMT
Run /Event / LS: 282735 / 1316770314 / 669

CMSExpsnment at the LHC,"CERN
% Data recorded: 2016-Atig05.04:52:09.150784 GMT
un /Event / LSz ai 7:338025446 /. 168

CMS-PHO-EVENTS-2019-008-2
CMS-PHO-EVENTS-2019-008-4
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H production

Evidence of Higgs decay to two muons
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tH production mode

tHq production mode

» Interfering diagrams lead to large cross-section for inverted coupling scenario “ITC"

» Process is very sensitive to the magnitude and sign of a non-SM top-Higgs coupling
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tH production mode

2018 - Limits over C;

» HIG-18-009 (arXiv:1811.09696)
- 2016 combination: bb, v, multi-lep

- Used only two Hgg categories:

tthLeptonic
ttHHadronic

- No dedicated tH category

- |ke] = 0 excluded at 3.5 sigma

- ITC scenario only ~ 1.5 sigma

- Large improvements possible by adding
new data and new categories
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» DOI:10.1007/JHEP07(2021)027

J. A. Murillo Quijada, C. Oropeza Barrera, Edward Scott et al. “Measurements of Higgs boson
production cross sections and couplings in the diphoton decay channel at /s = 13 TeV”

- Published in the Journal of High Energy Physics (JHEP)

- Measurements of Higgs boson production cross-sections and couplings in events where Higgs
boson decays to a pair of photons H— ~~
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tH production mode

1*CMS Preliminary 137 b (13 TeV)

» H— vy diphoton channel g E Hay‘y, m, =‘125.38‘ GeV ‘ )\II Cate‘gories l ]
—~ 50—~&=1.03 S/(S+B) weighted

- In the SM this channel has a small 2 F + Data ]
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Higgs boson mass (my) around 125 GeV e B component ]
g 30f- E+o -

“1(pr) > 35 GeV, va(pr) > 25 GeV e f Cl#20 ]
after vertex assignment z xr B
& b 1

-|n| < 2.5, not in 1.44 < |n| < 1.57 5 F ]
(barrel-endcap transition) ol e b e e
P ML I B I A I FURR

- Aiming to exploit narrow H peak to 1500; B component s“b"wedé
measure ggH, VBF, VH, ttH and tH 1000 - E
production modes _r,ooiF E
0 ~

A A A /S, T TR A T S I

- Use stage 1.2 STXS bins 100 1o 120 130 140 150 160 170 180
m,, (GeV)
qH tags
ttH leptonic VH leptonic VH MET ttH hadronic (including VH ggH tags
tags tags tag tags hadronic)

Jjavier.murillo@cern.ch



tH production mode

STXS stage-1.2 bins for events with |yy| < 2.5

- kinematic regions based upon Higgs boson production modes are defined

= geH + gg — Z(qq)H + bbH = VBF + qq — V(qq)H

1 [ I
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tH production mode

» Signal + background models fits for ggH, VBF, VH and tH/ttH categories
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tH production mode

» Signal strength modifiers per production mode

- ggF becoming syst-limited

CMS Preliminary O Observed — t1o (stat @ syst)

H—yy, 137 tb" (13 TeV)
m,, = 125.38 GeV, Py = 53%
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tH production mode

» Simultaneous measurement of ttH and tH

- Best tH measurement to date, observed (expected) 95% C.L. is 12 (9)x SM value

CMS Preliminary 137 o' (13 TeV)
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tH production mode

Coupling modifiers

» Parametrise deviations from SM in Higgs couplings to other particles

CMS Preliminary 137 b (13 TeV) CMS Preliminary 137 b (13 TeV)
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Introduction to two-particle correlations

Long-range, near-side ridge structure

» Emerges in the two-particle correlation functions
- High energy nuclear collisions
- Observed in large collision systems (AA)

- Absent in MB small collision systems (dAu)

» Evidence of collectivity and one of the features of QGP

Au+Au central

! PbPb 2.76 T 50-60%
3<p,i9<4 GeVic

AuAu 200 GeV  d+Au minimum bias dAu 200 GeV
3<p9<4GeVic /// —
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Introduction to two-particle correlations

Long-range, near-side ridge structure

» Emerges in the two-particle correlation functions
- High energy nuclear collisions
- Observed in large collision systems (AA)
- Absent in MB small collision systems (dAu)

» Evidence of collectivity and one of the features of QGP

Aueu cantral
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A contral
4<p™c6 GaVic

Ridge

>

Au mirimur bias
MGV

4 Au+Au central, ZYAM normalization

s dan
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Introduction to two-particle correlations

Discovery; strong collectivity found in small systems

» Ridge: near-side long-range 2-particle correlations

- Observed also in small collision systems (pp, pPb) with high event multiplicity
- Predicted by Color Glass Condesate (CGC) effective models

pp 7 TeV, N °ffire> 110

1<p, <3GeVic pr 5.0 k°fﬂin32110
p1< 3 GeV/c

=1 53 1.

<1 = b

=3 ‘\b_g 1.

3: 21

=4

>/ 4 4
JHEP 09 (2010) 091 -4 PLB 718(2013)795 -4
oL —B p Pb

DOI: 10.1016/j.physletb.2011.01.024
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Introduction to two-particle correlations

Discovery; strong collectivity found in small systems

» Ridge: only seen in intermediate pr categories
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Small vs large collision systems

» Origin of the ridge in small systems?
- Natural question is whether such signatures persist in even smaller collision systems
- Final state effect?, Pure fluctuations? CGC?

CMS pPb 8.16 TeV PbPb 5.02 TeV
O v,{4} X v {4} 03< p, < 3.0 GeV/c
[ E v X vEhR)anb) i <2.4
o1 ¢ vszB) I v,{4} hydro 5.02 TeV | . ©00® o 000
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> 060006 © O % *
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Recent explorations with small systems

Recent explorations with small systems
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Recent explorations with small systems

First measurement with ete™ system at /s = 91 GeV

» ALEPH eTe™
- Sharp near-side peaks arise from jet-like (non-flow) correlations

- No significant long-range correlations; better consistency with Pythia and Sherpa than
Herwig

- Confidence limits on associated yield as a function of Ny, have been set
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First measurement with ete™ system at /s = 91 GeV

» ALEPH ete~
- Sharp near-side peaks arise from jet-like (non-flow) correlations

- No significant long-range correlations; better consistency with Pythia and Sherpa than
Herwig

- Confidence limits on associated yield as a function of N, have been set
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Deep inelastic ep scattering with ZEUS at HERA (/s = 318 GeV)
» Dominated by contributions from multijet production

- <Ntrk> ~5

- No indication of same collective behaviour observed in high-multiplicity hadronic collisions
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Recent explorations with small systems

Deep inelastic ep scattering with ZEUS at HERA (/s = 318 GeV)

» Dominated by contributions from multijet production

c2}

- <Ntrk> ~ 5
- No indication of same collective behaviour observed in high-multiplicity hadronic collisions

ZEUS

0.2

{5 =318 GeV
0%>5GeV?
P <50GeV
15<n<20

{2

0.1

| ¢

ZEUS NC DIS 366 pb”"
o] p,>01Gev

5] p,>0.1 GeV, jun >2
[5] p,>05GeV, An >2

Jjavier.murillo@cern.ch

— —~
I S (5-318GoV
© - e, (a) S 0%>5GeV? (b)
.-
= e 0.1<p, <50GeV
- 0.05} -15<n<20
-
|An|>2 - |An| > 2 djj;
—0.2+ e ~
-2 zEusNe DS s Py’ R = o
[ 152N, <30 e =F$*qg1ﬁ'
[#] 5 =N, < 10 (down-scaled) 0'!"*”"‘ ”””” o
0 2 1 2
) (GeV) (b)) (GeV)




Deep inelastic ep scattering with H1 at HERA (/s = 318 GeV)

» Dominated by contributions from multijet production

- <Ntrk> ~5
- No indication of same collective behaviour observed in high-multiplicity hadronic collisions

H1 Preliminary  high multiplicit A Prolminer
ep (s = 319 GeV 9 plicity . H1 Preliminary |
5<Q’ <100 GeV* | ep {s=319 GeV |

0,02 5<Q?< 100 GeV? B
L 03<p’™<3.0Gev

L 12.0<|an™™ <30

YRidge

S R 1
| [C1+2c ]
=002~ [
X 5 :)0 15
%) obs
72 Ntrk
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photonuclear ultraperipheral PbPb at 5.02 TeV with ATLAS

» Significant non-zero vy

- Substracting non-flow contribution using template fitting method

L By B B B By ATLAS Preliminary 30 < N <37
ATLAS é Pb+Pb 2018, 1.73 nb”"
Pb+Pb, 1.0 xb™- 1.7 nb™" _] Vi, = 5.02 TeV, OnXn
| I,AN>25,% An<3
Syy = 5.02 TeV, OnXn E
1 = 056
", B < 0. :
"‘W“d‘s.’ :g < 052 \V\\\\\\\\\\
AL S XX e
i’ © 1/
B 4
E 2
E 0.5 < p? <50 GeV "
E E 0.5<p%<50GeV
10°F¢zAn>25 - 1
10°kt mAn<t - ] ATLAS-CONF-2019-022
10710£J‘|l|..lw1‘J‘ ] »Y Pb
0 20 40 60 80 100 120 o >
rec
Nch
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photonuclear ultraperipheral PbPb at 5.02 TeV with ATLAS

» Significant non-zero vy

- Substracting non-flow contribution using template fitting method

o 1 T T T ™ c T TT T T T T T T T T T T T™TTT
85 E r T T T T T ]
2 10" Qﬂ-;f 10ub 17 T > 0.14f ATLAS Template Fit .
< 102 R v, ooy 4 ! pb+Pb1ﬁ =502TeV 20<a7<50 ]
% 103 - YAN>25 - 0.12f 1.0 «b™- 1.7 nb N -
s 104k ¢ Data E [ ZYAq>2b.5, OnXn 05« P < 5.0 GeV ]
=19, -~ DPMJET-Ill y+Pb ] 0.4 04<pi°<20GeV o GVp Vs
= 10 - DPMJET-IIl y+p 3 "I ¢ v, Photonuclear p+Pb vy Vg
~~~~~ Pythia8 y +p — L
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E L . # ]
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Current studies with CMS

Crucial CMS detector subsystems

T

Zero Degree
Calorimeter (ZDC)
140m to IP

EM Calorimeter (ECAL)
Hadron Calorimeter (HCAL)

Forward
Calorimeter (HF)

Tracker
(Pixel & Strips)

Pl Zolel |n|>8.0
HF Hadronic Calorimeter HF In[<5.0
EM Calorimeter |n|<3_o

Inl<2.4
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Current studies with CMS

~p interactions within ultra-peripheral pPb collisions

» CMS-PAS-HIN-18-008
J. A. Murillo Quijada, Quan Wang, Michael Murray et al. “Search for elliptic azimuthal
anisotropies in «yp interactions within ultra-peripheral pPb collisions at /syn = 8.16 TeV”

- Being submitted to Physics Letters B (PLB)

» ~-proton interactions (b>Rpy},)
- Minimum-bias (b<Rpy))

TP
82ph 2.51Tev

b
65TeV P o— Y ~80Gev

https://cds.cern.ch/record/2725477/
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Current studies with CMS

Selection requirements; 95% ~p purity

- Pb-going side quiet;
— No neutrons detected by Zero Degree Calorimer (Pb nucleus is not broken)
— Rapidity Gap; No activity in Pb-going side using Particle Flow and tracks
- Activity in proton-going side; HF+ calorimeter with at least one tower with energy > 10 GeV

Tracks satisfying following requirements:

- Kinematic range: n < 2.4, pt > 0.4 GeV
- Significance of z separation between track and best vertex: d,/o(d;) < 3.0
- Impact parameter significance: do/o(do) < 3.0, Momentum uncertainty: o(pr)/pT < 0.1

ZDC

Jjavier.murillo@cern.ch Search for rare processes



Current studies with CMS

Available MC for signal ~-proton in pPb

Recent addition to Pythia8 simulation: Standard Equivalent Photon Approximation (EPA) flux

>
model with low-virtuality yp in pPb collisions!

» Comparison with montecarlo is being added to final paper
- It reproduces N¢, i distribution with limit up to ~ 35 as data sample

CMS Data Pythia8 + detector fast simulation

pPb, {5, =8.16 TeV)

, CMSproimnay bR, 5,=816TeV (685n) g e P LS T
8 FRRRRRAT T UL T E E
£ +eeeeeeeeed
w107 e Pythia 8-Delphes (yproton
* UPC-enhanced v phes (yp )
10° ¢ Minimum-bias S
> .
-
10° o Bin limits My Bin limits
) .. 2<N, <5 ‘. 25Ny <5
.
10 .. 55N, <10 .. 5<N, <10
-
16° SR 10=<N, <35 '.. 10< N, <35
'-.- ..
10? e Se E
*ee o’ :
10
+t+ L= 3
; t tt] tt =
PRSI ST NI AT i A A S | O e e i o T i |
5 5 20 30 35 10 15 20 25 30 35
N Nuc

[1] llkka Helenius, Christine O. Rasmussen, “Hard diffraction in photoproduction with Pythia 8", Eur.Phys.J.C 79 (2019)
39/
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Current studies with CMS

Signal pair distribution: Background pair distribution:
1 dZNsame l dann\
S(AnA@)= — ——— B(AnAQ)=———
(AnAg) N,, dAndAg (An.Ae) N, dAndAg

same event pairs

mixed event pairs
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2D ratio distribution

» 2D correlations for yp enhanced and Minimum-bias
- N¢yk limited up to ~35 for yp — divided in different bins for two pT categories

- No evidence of ridge-like correlations

1 d2neair B(O, 0) S(An,A¢)

Nitrig dAndA¢ — B(An,A¢)
CMSs Preliminary N, < 35, |5, = 8.16 TeV (68.8nb™) CMS Preliminary Ny, < 35, [Syy = 8.16 TeV (68.8nb™)
03<p <30 GeV/c 0.3<p <3.0GeVc

L ?N""/d And Ao
Nig
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1D Long-range projection

» Azimuthal distributions for |An| > 2.0

» V,A Fourier coefficients obtained from the decomposition fit:

1 dpair N,
Ne dhd = ;S:C [1+) 2V,acos(nAg);  n=1,2,3

trig n
02 CMS Prehm:nary VS_NN 8.16 TeV (68. Bnb Y 110 CMs Prehmmary VS_NN 8 16 TeV (68 8nb )
0.25— T — = T i
F .y, 03<p <3.0GeVc ; °"5._,Vu 0.3<p, <3.0 GeVic ]
0.245— Vs |An| > 2 0 _E i V,, |An| > 2 0 E
023F=+Vs Ny <35 3 T =V, Ng<35 1
g 022F- — Fourier Fit ] g L — Fourier Fit ]
T F e CMSpPb E B “™ « cMS pPb 5 x
K o2k s 5 -§ r N 4
% 02!— et !1-... ' b: % 0.144;----...-,,,_...-...-!, . 3
0'19;_ _; 0.142 ]
o18f- vp enhanced ]
= b E 0.14] .
L = N N B S B = g

E] 0 1 2 3 4 rA

A¢ (in radians) A¢ (in radians)
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rrent studies with CMS

» Results on two-particle Fourier coefficient; V,a

- V1A negative, Vo positive and V5, consistent with zero

» Measurements with
~yp-enhanced dataset

» Predictions from
Pythia8 + Delphes
fast simulation

CMS preliminary pPb, s, =8.16 TeV (68. 8nb™)
W oCEEETT - - - - e e e
\dg E 03<p""’ P2 <3.0 GeV/c ‘\- 10<p""’ P2 <3.0 GeV/c
=5 0.05F E
fo w——= V2
e =—=-= _ |
F V3 F— 1§
-0.05F = =|
L e\ vp enBanced
-1 Bin limits E
-0.15F — Va 2<N, <5 E
_o2F Yy 5 <N, <10 E
E —— Vg 10 <N, <35
—025- Systematic uncertainty 5<N, <35 3
_03biit I L L L L L L P PPN I IO PP PO I I
4 6 8 10 12 14 16 18
Ny Ny

pPb, Y5, = 8.16 TeV

T T T T T3

03< p < 3.0 GeVic

10< P 3.0 GeVic

N, (Delphes)

a Bin boundaries
Pythia8-Delphes ’ 25N, <5
Vu = — 5Ny <10
Vs — 10 <N, <3
RCTR == == B SENREE
8 10 12 14 16 4 6 8 10 12 14 16 18

N, (Delphes)
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rrent studies with CMS

» Single-particle vy coefficient, vo =

» Measurements with
yp-enhanced dataset

Comparison with
simulation and
Minimum-bias to
appear in final
paper

» Predictions from
Pythia8 + Delphes
fast simulation

v{2)

vo{2}

V,a; consistent with non-flow effects

CMS preliminary PPb, Y5, =8.16 TeV (68.8nb™)
E T T T T T T T T R B o L A L L WA
0.45F 0.3<p':!, p;““<3.0 GeV/c 1.0<p'T"g, p:“°°<3.0 GeV/c 3
0.4 E
E Bin limits
035 *yp enhanced E
0.3 = Minimum-bias 2<Ny <5 E
0'255_ Systematic uncertainty ’\’ 5 <Ny <10 3
E 10< <35
02:_ vak E
E 5 <N, <35
0'15;/ ‘\.\’\.;
0.1 E
0.05( E
G: 1 1 | L L I L L ol b b b e b Ly Ly
4 6 8 10 12 14 16 18 10 12
Ny Ny
pPb, /s, = 8.16 TeV (68.8 nb’)
T T T T T T T ¥ T T T T T T T
0.3<p <30Gevic 1.0<p_<3.0GeVic
Bin boundaries
—— yp simulation 2<N, <5
5<N, <10
10 <N, <35
5<N, <35
L I I L i L L L Fooa b b b b b b a3
4 6 8 10 12 14 16 18
Nk Nk
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Current studies with CMS

Other systems

Jjavier.murillo@cern.ch / 47



Current studies with CMS

Pomeron-Pb system within pPb 8.16 TeV collisions

» Large rapidity gaps
- Generator predictions: Non (ND), Central (CD), Single (SD) and Double Diffractive (DD)

P b X 10° CMS Preliminary Diffraction enhanced PPb (S =8.16 TeV (6.4 b’
E T T T T T
a E Hadron Level
a E "
F + EPOS-LHC ND [PPh Data corrected for low energy particles Pp+
E Fw E:gg-t:g gg Inl< 2.5: p, <200 MeV /¢ and E <6 GeV/bin PHYP
o [
= - 1Nl [2.5,3.0]: Epqqye < 13.4 GeV / bin
P S10%E2 E:gs-LHc bo Inl> 3.0: No particles i
$

o

CMS-PAS-HIN-18-019
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Current studies with CMS

Pomeron-photon system within pPb 8.16 TeV collisions

» Hard diffraction with photons
- Large rapidity gaps

€ p p

p )

[1] llkka Helenius, Christine O. Rasmussen, “Hard diffraction in photoproduction with Pythia 8", Eur.Phys.J.C 79 (2019) 5, 413
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Summary

» The preparation for Run 3 is ongoing, with several upgrade work and performance studies
under progress

» Observation of tH and search for its anomalous couplings will confirm standard model
expectations for signal and Yukawa coupling strengths

- Nothing beyond the SM prediction found so far

- Experimental challenges faced such as the large overlap between the tH and ttH processes

» Study of two-particle correlations (Via, Vaa,V3a) and azimuthal anisotropies (v2) in small
systems has been expanded to ete™, ep, y-proton

- Limited N¢,x range; confirmed by signal Monte Carlo
- V1A negative, Vo positive and V3 consistent with zero
- No evidence of ridge-like correlations observed

- More systems such as pomeron-Lead or Pomeron-photon can be studied
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Backup
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ackup

CMS DETECTOR STEEL RE YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm?) ~1.9 m? ~124M channels
Overall length ~ :287 m Microstrips (80-180 ym) ~200 m? ~9.6M channels
Magnetic field  :38T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000 A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16 m?* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PEWO, crystals

HADRON CALORIMETER (HCA
Brass + Plastic scintillator ~7,000 channels
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LHC / HL-LHC Plan with extended LS2

HiLumi

LARGE HADRON COLLIDER

LHC HL-LHC
Run 1 | | Run 2 | | Run 3 Run4-5..
Ls1 [EvETs] Ls2 Ls3
13 TeV. 13-14 TeV 14 TeV
—— — Diodes —_— energy
splice consolidation Jimit LIU Installation 4
7Tev 8T8V button collimators imeraction 1 dole o i“:"'a:]:icnn 5107.5 x nominal Lumi

regons jpole col.

R2E project Civil Eng. P1-P5

ATLAS - CMS =
experiment upgrade phase 1 Gamage ATLAS - CMS
Eeem plose nominal Lumi | 2x nominel Lumi ALICE - LHCb 2 xnominal Lumi i upgrade
76% nominal Lumi upgrade _

integrated IRIOE{ S|
m 190 fb™! m BUE] 4000 (ultimate)
HL-LHC TECHNICAL EQUIPMENT:
DESIGN STUDY

PROTOTYPES

CONSTRUCTION ION & COMM. H‘ PHYSICS
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» Categories defined by cuts on BDT scores to maximise sensitivity

- ttH hadronic and leptonic both split into 4 bins by p%

ttH leptonic BDT ttH hadronic BDT
CMS Preliminary 137 fb (13 TeV, 105CMS Preliminary 137 fb" (13 TeV)
8L T T Ve Ozs] S T T T S 5
2 Wy +jetsHly +jets 2 Wy +jets () +ets]
% Wt + vy tt+y »E Wt + vy ey
Q 10 fi+jets [IV+y o ti+jets IV +y
w [l Other w M Other
10° ;
10288 TTEme = ]
10 ]
1
15
0.5 0.
[] stat. Unc. Stat. @ Syst. Unc. Stat. ® Syst. Unc.
0 1 2 3 4 5 0 3 4 5 6 7
BDT-bkg BDT-bkg
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Hydrodynamic flow in A-A collisions

» Azimuthal anisotropy Fourier coefficients v, well understood in A-A collisions in the context of
hydrodynamical model

- Mass ordering dependence at low p

- Quark content grouping at high pt

T
0-5% 10-20 % 30-40 %

CMS PbPb s, = 2.76 TeV o 2®
0.2] -+ + g 4
—_ - Vz
& —A—V, M
= v,

Vg

* *

1 2
p, (GeVic)

1 3 4 1

2 2 3
P, (GeVic) P, (GeVic)
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