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Overview of CMS cross section results
CM5 preliminary
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qqZ —— 0.84+0.07£0.19 19.7fb"

qqZ o 0.98+0.04+0.10 359fb"

. o WV 0.85+0.12+0.18 138fb"

* no sign if significant large WVVWW i 1;471 + g.gg + g.gg 19.7 ;g;

. qqWy = .77 +£0.67 £ 0. 19.7 fb’
measured cross section . qqWy = 0.88+0.11+0.15 138 fb"
excess over SM expectation os WW e 1.12+0.15+£0.17 138 fb"

ss WW »———e 0.69+0.38+0.18 19.4fb™"
ss WW e 1.20+0.11£0.08 137 b
qqZy : 1.48+0.65+0.48 19.7fb"
qqZy e 1.20+0.12+0.13 137 b
qqW2Z Pooe - 1.46+0.31+0.11 137 fb"
qqZZ — i —— 1.19+0.38+£0.13 137 fb"

All resul?s at: 1 2 i 2 i p d

- Production Cross Section Ratio: 6,/ 6y,
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* decay mode: leptons + jets TOP-20-008

 top mas observable: kinematic fit
- improves signal purity
- improves mass resolution over
plain invariant mass from

constituents
CMS Preliminary l+jets, 35.9 fb™", (13 TeV) CMS Preliminary _ l+jets, 35.9 fb™, (13 TeV)
45000 mmficorect | mmSinglet T 40000 ERfcol | ERSe
Q) 40000F CJttunmaiched mmZ+jets ] Q) 350005_ Jttunmatched mmZ+jets
To) - e Data 1 QCD multijet - To) ~ e Data 1 QCD multijet
— 350005 7% Uncertainty ] Diboson = ~ 300008 7 Uncertainty ] Diboson E
(7)) - % ] (7)) C
2 20000 ' ‘ € 25000} ' m'™" .
g-) 25000¢ g) : ¢ E
11 20000; 11y 20000¢ good fit
15000¢ 150000 events only
10000¢ 100007 3
5000 5000;— e
Q 18 g 18— T
3 e 3 1 %WWW/ g
CU I\ | | ) L \ I 1 I L 1 I | 1 L 1 m 1 | i ] L 1 ] | ] L 1 ] | ] L |
a 05 100 200 300 400 a 05 100 200 300 400
mee [GeV] mit [GeV]
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
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CMS, /|
top quark mass

* top mas estimate: maximum likelihood fit TOP-20-008

-

—
A(m,, 0|data)=P(data|m,)P(6)
I o - - . 36 fbl" (13Tev)
C oMS I I I I H
0.5 [ Simulation Preliminary 1D 0.63 GeV —
 data: five observables: n i [J2p  050Gev :
_ mm fit m_ Reco 0.4 8 /3D 0.44 GeV ]
t W ’ - N 4D 0.39 GeV ]
_ Reco Reco fit n & /5D 0.37 GeV -
mlb ’ mlb / mt ’ 0.3 \ § —
_ Reco N \ ]
Ry, 0.2F N\ =
0.1~ -
histogram set label FL L Sl e S .
observable category 1D 2D 3D 4D 5D ' ' ' ' A m, [GeV]
mitt Pt 202 x x x x X
My Pyo = 0.2 X X X X 7
7y Poor < 0.2 X X X mt:171.77io.38 GEV/C
D [t Pyor > 0.2 X X . .
Ry P, > 0.2 X Most (to date) precise single

top mas measurement

bl b2 ql , q2
Rreco — ( 1 )/( + )
bq pT pT pT pT 10 21.10.2022


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/TOP-20-008/index.html
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“PHYSICS Higgs boson width
. bs __ +2 4 rXiv:2202.06923 [hep-ex]
Run-1,2: I'}°=3.277°MeV - —
-1

) 14 — 2I12v+4l off-shell + 4l on-shell
CMS S/mulat/on N 13| TeV — 2I2v off-shell + 4| on-shell )
10? EW ZZ(%4|)+qq productlon (l e, M) —§ 12_— — 4] off-shell + 4] on-shell 7
g — SM H signal (|H) E 10— Observed -
S\ 10—1;_ SM COntIn (|C|2) _; i Expected :/
S . r —— SMtotal (H+CP) I = sl /
= 10°F 5 < .
e - IHF+(Cf o :
g 107F E -
3 —4:_ j _: g
-8 10 % : % &
10_52_ LI_O |___"-:_"_§ 95% CL :
&l gg>H"»>77 = —
10° ~ r E 68% CL i
ey "gg>H~>27" - of N\, A I

500 1000 0 15

m,, (GeV)
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lH production and decay

Nature 607 (2022) 60-68

Production modes Decay modes
u=0""/o> u=BR*’/BR>"
CMS 138 o' (13 TeV) CMS 13816 (13 TeV)
® (QObserved \:’ﬂ SD (stat) ® (Observed \:lﬂ SD (stat)
= +1 SD (stat @ syst) \:lﬂ SD (syst) = +1 SD (stat @ syst) I:'ﬂ SD (syst)
— 12 SDs (stat @ syst) — 12 SDs (stat @ syst)
B 5 Stat Syst B 5 Stat Syst
ot - 0972% one w A 1300 000 g
i ' Y4 : } 7+0.12 +0.08  +0.09
. TN 08000z 9 0 = Do oo o
all strength modifiers [ | - |
. . i K —E— 0.970.09 005 0.08
are at 1 within at Mo — 1,442 oz 010 B
most two standard - ; uee = 0850010 006 008
deviations My ———— 1209% o2 4 -
i | pool| 10592 ot 01
HTTH _'E'_ 0-943?3 015 tgjg pp +0.45 4042 4017
E u 1 1'21—0.42 -0.38 -0.16
M 60555 % U u? 52597 9% 0%
T N T T T T T P
0O 05 1 15 2 25 3 35 4 45 0 05 1 15 2 25 3 35 4
Parameter value Parameter value
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https://www.nature.com/articles/s41586-022-04892-x
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- BR(H- cc) = 0.029 > BR(H- 4])

- huge background from QCD cc pairs

- use of VH production mode to get
additional selection handles

- use of improved c-tagging

138 b (13 TeV)

Rz} L L AL LA L B 7
u:.; 1000 = CMS —+— Observed B vH(H-cE), =77 _|
> B [ ]z+jets [ w+jets ]
_g - Merged-jet ]t I single top 7
© gpol All categories ] Wiother) [ vZZ-»c8) N
S - S/(S+B) weighted [ ]vziz-b6)  [Hll VH(H-bb) i
‘© : %éé B uncertainty :
= so0 s 7
m B ]
+ B _
S 400f ' -
a — 4 . |
e _ 4 .
N [ i
R — —1_
D 1

100 —_ B subtracted __
50 } —+ 4 -

+

=50

80 80 100 120 140 160 180 _ 200
Higgs boson candidate mass [GeV]

I Higgs decay to charm

}
/3
-
:
g
£
:

arXiv:2205.05550 [hep-ex]

(13 TeV)
o B
aca - CMS DeepAK15
= | Simulation —#— ParticleNet
© L] y— .
S S anti-k; R =1.5 jets
S - p,>300 GeV, In| < 2.4
o [T T e
g [ e
o 10 T e
®© .
m S
x"
102
A H—cC vs. H—bb
107 _{ — H—cC vs. V+jets
;_ | L | | | | | | 1 1 | | 1
0

0.2 0.4 0.6 0.8 1
Signal efficiency

— +0.22
OVZ(Z—)cE)_ 1-01—0.21 Osm

Ovii(1isce<14 05y @95 % CL
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s decays to
t leptons

CMS 137 o' (13 TeV)

Local p-value

*H - pu:
- BR(H- pp) = 2.2:10* ~ 2-BR(H- 4l(e,y))

oo, +0.4 +0.15 | |
pp-)H_) -= ]‘ 19 039 (Stat ) O 14 ( SyS ) 10_35_ — Combined — VBF-cat. E
; Observed —ggH-cat. ttH-cat. ]

— VH-cat.

e L L L1 L L 1] I llllllllllll Illlllllllllllll IIIIIIII
10120 121 122 123 124 125 126 127 128 129 130

m,, (GeV)

arXiv:2208.00265 [hep-ex]
* H- ee: . CMS 138 fo! (13 TeV)
_ BR(H- ee) =5-10° S —

BR(H=ee)<3-10*@95% CL

my = 125.38 GeV Bl 68% expected -— Median expected
B b (H — e*e*) -3.0 x 104 95% expected -~ QObserved
obs . Je

Bexp(H — ete™) : 3.0 x 10

0.4 -

03

0.2

95% CL limit on B(H — ete™) (%)

0.1
- —_—
0.0 | l l | l | |
A 9 A 2 %
o <29 <29 <29 <29 <29 <29
o & & & QY\ & &

CMS results on Standard 14 .
Model and Higgs boson Analysis category


https://link.springer.com/article/10.1007/JHEP01(2021)148
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 The CMS Collaboration has a plethora
results on Standards Model physics

* ever increasing integrated luminosity
allows for study of more and more rare

processes, like Vector Boson o
Scattering Wﬂﬁ

5o far all results support our
confidence in Standard Model

https://xkcd.com/1670/

21.10.2022
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or Boson Scattering (VBS)

* opposite sign EWK WW scattering:

OI(CJiZS — 102 + 20 fb O.z?d — 9 1 + 06 fb arXiv:2205.05711 [hep-ex]

Table 3: Definition of the fiducial volume similar to the reconstructed SR.

Objects  Requirements
ey, ee, iy (not from 7 decay), opposite charge

plgiressedf - Pfi‘ +Y; p%" if AR(¢,7;) < 0.1

Leptons ,Uf'r] > 25GeV, pffrz > 13GeV, pﬁf < 10GeV
| <25
pY >30GeV, m; > 50GeV
pr > 30GeV
AR(j,¢) > 04
Jets

At least 2 jets, no b jets
7] <47

pmiss  pmiss 5 20 GeV

CMS results on Standard
Model and Higgs boson 17 21.10.2022
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CMS Preliminary May 2021
CMS Run 1 legacy 172.44 + 0.13 + 0.47 GeV
PRD 93 (2016) 072004 A At S EIs S Uarie
2015, muon+jets @ 17262+ 0.38 £ 0.70 GeV
TOP-16-022 (2017), 2.2 fb”’ 0e = 0e8 S0 Re
Lepton+jets @~ 172.25 + 0.08 + 0.62 GeV
EPJC 78 (2018) 891, 35.9 fb”' e3 = 08 = Hbs ke
EPJC 79 (2019) 368, 35.9 fb’' ¢ e 0.72¢
All-jets

— 172.34 + 0.20 + 0.70 GeV

EPJC 79 (2019) 313, 35.9 fb” ©
Lepton+jets, all-jets 172 26 + 0.07 + 0.61 GeV
EPJC 79 (2019) 313, 35.9 fb - e80T e
Single Jet, pﬁ = 400 GeV -9 ,
PRL 124, 202001 (2020) 172,56 + 0.41+ 2.44 GeV
TOP-19-009 (2020, 35.9 b ® e 0.69 ¢
Tevatron combination
arXiv:1608.01881 (2016) ® 174.30 + 0.35 + 054 Gel!
World combination
ATLAS. GDF. CMS. Do @ 173.34 £ 0.27 £ 0.71 GeV
arXiv:1403.4427 (2014)

] ] ] ] | ] | ] ] | ] ] | | | ] ] ] ] | | ]

165 170 175 180
m, [GeV]
CMS results on Standard ]_8 21.102022
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. CMS./ |
Higgs boson mass

Phys. Lett. B 805 (2020) 135425

H=>77,yy,Run-1+2016: m,;=125.38+0.14 GeV
H - ZZ only Runs-1,2: m,;=125.09+0.15GeV

Eur. Phys. J. C 81 (2021) 488

; 137 b (13 TeV
CMS 137 fb_1 (13 TeV > X1700 _—C‘Msll UL B LR N TTT1 | |3| T Ibl T I(I |3| T Iel ;2_
< 350 ] 8§ [Hom ]
) - ¢+ Data ] < e0f -
<~ [ ] H(125) B 2 ¢ Data .
; 300 :_ i |:’ qqﬁzzs Z'Y* . q>_) 50 » — S+B fit =
c u N 9922, Zy* ] % wb-% 0000 om B component
Q 250 Bl EW — £ Bl +1o .
= - B Z+X ] 2 sf IRE=Xy =
200 - i — = - ]
n i + N o 0F
- _ + -
150 — — @ 10
- ] n -
: : _l 111 | ) I | | T 1111 | O T A | | 111 - |
100 — - °
- ] 2000F | | " B component subtracted =
50— ¢ - 1500 - i
B N 1000 £
o n 500 -
07=80 100 130 200 300 400 500 O pm—
-50 :I L1 1 1 L1 L1
my, (GeV) ° (1)00 R P U R R T VRN VNN (BT
Eur. Phys. J. C 81 (2021) 488 , m,, (GeV)
arXiv:2208.12279 [hep-ex]
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