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What has CMS seen in the pp Run 2,3 collisions at 13(.6)TeV?
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Higgs Bosons — HO® and H*, Searches for

The July 2012 news about Higgs searches is described in the
addendum to the Higgs review in the data listings, but is not
reflected here.

The limits for H? and AQ refer to the m®* benchmark scenario for the
supersymmetric parameters.
Mass m > 115.5 and none 127-600 GeV, CL = 95%
HY in Supersymmetric Models (mH(I, <mHg)

Mass m > 92.8 GeV, CL = 95%

HTTP://PDG.LBL.GOV
VII. Addendum

Updated July 12, 2012.

On July 4, 2012, the ATLAS and CMS collaborations simul-
taneously announced observation of a new particle produced in
pp collision data at high energies [363—-366].
used correspond to between 4.6 and 5.1 fb~! of collision data
collected at /s = 7 TeV in 2011, and between 5.3 and 5.9 fb—!
of collisions collected at /s = 8 TeV in 2012. The observed
decay modes indicate that the new particle is a boson. The evi-

Page 4 Created: 6/18/2012 15:05

The data samples

dence is strong that the new particle decays to vy and ZZ with
rates consistent with those predicted for the Standard Model
(SM) Higgs boson. There are indications that the new particle
might also decay to WTW —, and decays to bb and 777~ are
being sought as well.

H

was HO

Mass m = 125.25 + 0.17 GeV (S = 1.5)
Full width ' = 3.21'%:‘; MeV  (assumes equal
on-shell and off-shell effective couplings)

H Signal Strengths in Different Channels
Combined Final States = 1.03 + 0.04
W Ww* = 1.00 + 0.08
Z7* =1.02 £ 0.08

vy = 1.10 £ 0.07
cc Final State =8 £ 22 (S=1.9)
bb =0.99 + 0.12

ptp~ =121+£035

7t7~ =0.91 £ 0.09

v*~ Final State = 1.5 + 0.5

Fermion coupling (k) = 0.95 £ 0.05

Gauge boson coupling (ky/) = 1.035 £ 0.031

ttH Production = 1.10 £+ 0.18

t H production = 6 + 4

H Production Cross Section in pp Collisions at /s = 13 TeV =
56.9 + 3.4 pb

13/09/23 Slawek Tkaczyk

Scalars 2023




H J=0 :
s H0 H DECAY MODES Fraction (I';/T) Confidence level (MeV/c)
* 0, —_
Mass m = 125.25 + 0.17 GeV (S = 1.5) ;VZZV (22';0:(2)'20) ; _
Full width T = 3224 MeV  (assumes equal S S
L7 . . vy ( 2.5040.20) x 1073 62625
on-shell and off-shell effective couplings) bb (53 +8 )% _
H Signal Strengths in Different Channels ete” < 36 x 104 95% 62625
Combined Final States = 1.03 4 0.04 whuT (26 £13)x 10 62625
W W* = 1.00 + 0.08 T (60 738 )% 62600
ZZ7*=1.02+0.08 7y (32 +1.5 ) x 10-3 20431
7y =110 4007 Z p(770) < 121 % 05% 29423
CE Final State = 8 & 22 (S = 19) Z¢(1020) < 36 % 10—3 95% 20417
bb =099 +0.12 J/y < 35 x 10~ 5% 62587
ptp= =1214035 J/p < 18 x 10~3 05% 62548
7H77 =091 £ 0.09 ¥(2S)y < 20 x 103 05% 62571
7"~ Final State = 1.5 + 0.5 T(1S)y < 49 x 1074 95% 62268
Fermion coupling (kf) = 0.95 + 0.05 T(2S)y < 59 x 10~4 05% 62224
Gauge boson coupling (k) = 1.035 £ 0.031 T(35)y < 5.7 x 10~4 95% 62197
ttH Production = 1.10 £ 0.18 T(nS) T(mS) < 14 x 10~3 95% -
tH production = 6 + 4 p(770)~ < 88 x 1074 95% 62623
H Production Cross Section in pp Collisions at /s = 13 TeV = #(1020)~y < 48 x 104 95% 62621
56.9 + 3.4 pb eu LF < 61 x 1072 95% 62625
er LF < 22 x 10~3 95% 62612
s LF < 15 x 1073 95% 62612
invisible <13 % 95% -
~vinvisible < 29 % 95% =
13/09/23 Slawek Tkaczyk Scalars 2023 6




CERN % O[JRIER Many precision Higgs measurements
e enabled with large Run 2 & 3 data sets

July/August 2022 cerncourier.co: m S Rep.m;!ing.on ilitégg’lational high-energy physics
S o ve ‘"
already collected

| Mass and couplings
ENIGMA Couplings to vector bosons, quarks and
leptons and ttH (H->bb/tt/yy)
Differential cross sections
Rare decays H=>Zy or not allowed in
SM: LFV H->1e/ue/tu

HH resonance studies (bb + bb/yy/t1)
Decays to non-SM particles:
H—>invisible or light pseudo- or scalar-
particles

Experimental precision

SR A N confirms Higgs role in the
; SSB in the SM

MARKING 10 YEARS OF DISCOVERY [



https://www.nature.com/articles/s41586-022-04892-x

In Run 2

Nature607(2022)60-68
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New tracker alignment and muon reconstruction
with beam spot constraint
Event categories based on 4l mass uncertainty
2D fit of the m,, and kinematic discriminant

C MS Prelimi inary

138 fb™ (13 TeV

CMS Preliminary 138 fb'' (13 TeV)
250_— 100~
L ¢ Data
L } H(125)
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B e et
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m,, (GeV)
Mass:

125.04 +0.11(stat)+0.05(syst) GeV

On-/off-shell combination fit:
2.9 +2.3/-1.7 MeV (95% CL)

Width: 'y <0.06 GeV at 68% CL
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CMS Preliminary

New !
Only shown yesterday at HH

Run 2: 138 fb™ (13 TeV) ——Total Stat. Only
Run 1: 5.1 b (7 TeV) + 19.7 fb" (8 TeV)
Total (Stat. Only)

4y == 124.90%7,7 (1) GeV

de _—— 1247077 () GeV

2e2u ——t 125500 ({27) GeV

2u2e .-|._-. 125201077 (%) GeV

Run 2 - 1250402 () GeV

Run 1 |—— 125. 6°+00:56 ;):13) GeV

Run 1+ Run 2 I-i-l 125.08%;7 (? 11: ) GeV

| | | | | | | | | 1 | Il | Il | Il | Il |

122 124 126 128 130

m,, (GeV)

Run 1 and 2 Combination Mass:
125.08 +0.10(stat)+0.05(syst) GeV

Most precise single measurement of H mass
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CMS 138 o' (13 TeV) CMS

138 fb™" (13 TeV)

® Observed |:| +1 SD (stat) ® Observed |:| +1 SD (stat)
= 11 SD (stat ® syst) ] +1 SD (syst) =11 SD (stat @ syst) || +1 SD (syst)
— 12 SDs (stat @ syst) — 12 SDs (stat @ syst)
B 5 Stat Syst B 5 Stat Syst
0. 40, YY ! N N +0.07
ogh + 087 o 5 H g Ligom o 53
E 77 I +0.12  +0.08  +0.09
: —+ + M 0'97* . —VJU. —VJ.
Mer| 0goar 3% 5% =
—@— 0.97+0.09 +0.05 +0.08
e e 144705, w021 g |
—@-‘- 0.8520.10 +0.06 +0.08
Ha —— 12952 o0 0
_'E'_. 1.05705 w015 ‘070
l’LttH _EI_ 094tg$g 015 iglg ,_i_|:|_| +0.45 +0.42 +0.17
! ‘—ré—' 1'21—0.42 -0.38 -0.16
M —>6.057% "% % , 259706 ‘om0z
111 1 I 111 1 i 111 1 I 111 1 I L1 1 | I 1 L1 1 | I L1 1 | i | T | I 11 1 1
0O 05 1 15 2 25 3 35 4 45 0O 0.5 1 1.5 25 3 3.5
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Signal Strength u in good agreement with the SM production modes and decays channels
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and Beyond

Nature 607 (2022) 60-68
M 138 fb™ (13 TeV
CMS (137eY) Runl JHEP 08 (2016) 045
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2 Results

Nature 607 (2022) 60-68
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op Quarks

ttH - a direct probe to Top Yukawa A, cplg while tH - a unique channel to study the relative sign of couplings while

N ,

137 fb' (13 TeV)

Eur. Phys. J. C 81 (2021) 378

CMsS

Combined | p=5.7 ™' [ 28 (stat) *33[;) (syst) ]

-4.0

2iIss + Or,,
3l + 07,

_ +8.1
n=155 """

2iss + 1t

10

A N
15 20 25
Best fit p(tH)

Constructive interference when A; and gy, have opposite sign >

large increase in x-section

tHV + tHq + ttH with tt decays to multi-€ or all-jet final states
H->WW?*,Z2Z*,tt, bb — channels in 10 signatures depending on lepton

multiplicity
MVA, ML and ME techniques CMS

to separate ttV and tt+jets ~ Preliminary
backgrounds from signals
o

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

bb
uttH
HIG-19-011

CMS-PAS-HIG-19-011

YY
l’lttH
JHEP 07 (2021) 027

Significance for tH with M;=125 GeV:
Observed: 1.4c Expected: 030

multilepton
ttH

Eur. Phys. J. C 81 (2021) 378

Significance for ttH with M, =125 GeV:
Observed: 4.7c Expected: 5.2c

13/09/23 Slawek Tkaczyk

Scalars 2023

138 fb™! (13 TeV)
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Differential x-section in H> 4£, £=e,u

Very clean signature with excellent resolution

Events / 4 GeV

5.1fb" (7 TeV), 19.7 tb" (8 TeV), 138 fb™! (13 TeV)

CMS 138 fb™ (13 TeV)
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lons

JHEP08(2023)040

Fiducial differential x-section measured
in various decay channels

Gy (D)

Ratio to NNLOPS
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CMS 138 fb' (13 TeV)
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Excellent agreement with the SM
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s Sections

JHEP08(2023)040
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Opportunities to study :
Dynamics of H production models, constrains of couplings, additional jet structure
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Ly

JHEP05(2023)233

CMS Experiment at the LHC, CERN
Data recorded: 2018-Aug-29 23:54:15.530176 GMT
Run/Event/LS: 321961 / 626392822 / 338
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* Similar to H-> yy already reconstructed but rate

Z
q w X reduction in Z> € € channel
H---- ¢ H---- W H--- e
p W * Sensitivity to BSM effects at the decay
w
,
y * First example of combined ATLAS and CMS evidence
~ 7CMS 2204 12945 L 138fb (3TeV)  of H >Zy from previously published results
o ‘H—)Z’Y(m >50GEV) —o—Observed E > Tl TP —
R sE -- Expected B 8 | ATLAS and CMS Preliminary E S 18] tro AS and reliminary  __ rixs ., ous
3 F - 68% expected |  § "™ o gons ] 16 —ous
= F []195% expected 1 5| - Bacground z ’
s 5S¢ = E
° - ] §30; =
% 4 — S s
(0] : : %2;_|‘ ““I““I““I““I_t
g 3f =4 goF ﬂwf“,“,“,; N
2:_ _: mzy [GeV] n
1 =
02022 124 126 '1;_8' T30 Combined CMS and ATLAS first evidence for H = Zy decay
(GeV with observed significance: 3.4 ¢ (expected 1.6 G)
Signal strength W for M;=125.38 GeV: p=2.4 iO.9
Observed significance: 2.7c Signal strength: p=2.2 +0.7
Upper limit on p: 4.1 Observed 1.8 Expected 1.9 6 compatibility with the SM prediction
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https://link.springer.com/article/10.1007/JHEP05(2023)233
https://arxiv.org/pdf/2204.12945.pdf

le Run 2

CMS-HIG-21-007

x x X acc. Eur. Phys.J.C.
4.9 fb™ (7 TeV), 19.7 fb™ (8 TeV), 140 fb™! (13 TeV) March 2023
|

i = CMS | (') | .. JIRun1 & 2 combination
bc% 0.9 95% CL upper limits 3 nyytiple channels:
< [ % Observed 1| VBF, ggH, VH, ttH
n — —o- ; |
§ 08~ = ©" Median expected ]| Boosted and resolved V
© ~ - 68% expected ]
,I>L 0.7 :_ \j 95% expected _:
g F 0.26 (0.30) %4° 032
T - -
L o5 -
m - i
0.4
- 0.21 (0.18)
0.3
u 0.18 (0.10) _
0-210.15 (0.08) g =
= @ { 1 . o fe
018 3 | No significant excess
m 1 | of events above the SM
oF .
o (@)) (@)) (@) [@))
e & £ — —
S & = z 5
g => o
© .

........... 19
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u n 2 arxiv:2305.18106

— HIG-22-002
Production of X in the mass range 110-160GeV |

Select one eu OS pair

b-jet veto

VBF and ggF production

Divided into subsamples CMS H-> €U st (13Tew) ,CMS 138 b (13 TeV)

S L L L A B BN BN —10" S S s
ggHcat0 ) a
0.53 (0.82) x 10* l >
gchat1 — 95% CL limits ] -
0.85 (0.82) x 10% 7. i :::::::iw | 104 ;Observed
Hcat2 X xpected + 26 E

?is(tsz)mo"’ B . Expected =2 | M3
10 I -

VBFcat0

2.08 (1.72) x 10 -
VBFcat1

3.96 (3.27) x 10 -

Combined I
0.44 (0.47) x 10*

PN EREN SRS ST AFRTEN U AR A -
0 2 4 6 8 10 12 14 - 1 - 1074 1078

95% CL limit on B(H — ep) [x 107 Y

eu|

@M,=125GeV: Observed(expected) Upper Limit on BF of H> ep:
4.4(4.7)x 10> @95% CL
Yukawa Coupling: V(| Y .[* + |Ye,*) < 1.9(2.0) x 10 @95% CL
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https://arxiv.org/abs/2305.18106

Production of X in the mass range 110-160GeV |

Select one eu OS pair
b-jet veto

VBF and ggF production
Divided into subsamples

X(146) 9 qk&fb 13TeV

ggHcato |
7.74 (3.68) I

95% CL limits —
* Observed

- Expected + 16 _|
X Expected t 2

ggHcat1
4.70 (3.57) I

ggHcat2 |
11.99 (6.04) .

ggHcat3
54.87 (34.56)

VBFcat0
12.56 (6.56) . :

VBFcat1
22.46 (12.58)

Combined I .
6.01(2.07)

0O 10 20 30 40 50 60 70
95% CL limit on o(pp — X(146)— ep) [fb]

@M,=146GeV:
Observed(expected) Upper Limit on x-sec of X=2> ep:
6.0(2.1) fb'! @95% CL

Excess observed: Global (local)significance: 2.8(3.8)c
13/09/23 Slawek Tkaczyk Scalars 2023

95% CL limit on o(pp — X — ey) [fb]

R u n 2 arxiv:2305.18106

HIG-22-002

cms My=146GeV

S/(S+B) weighted events / GeV

138 fb' (13 TeV)
A

¢ Data
— S+B it ]
----- B component
[ ESk J
[[]+20c

R U B N NN P ST A
110 115 120 125 130 135 140 145 150 155 1
my [GeV]

S I TR T FRET PR PP T T
0 115 120 125 130 135 140 145 150 155 160

m, [GeV]

21


https://arxiv.org/abs/2305.18106

Its

Nature 607 (2022) 60-68

CMS Preliminary 138 fb™' (13 TeV)
March 2023 TT I _ T ~ T T T T T 17T I T T T T T T 17T I T . T T T T T 17T I CMS : : I I
K, =K =1 —— Observed ~ ----- Median expected
Ky = Koy = 1 - 68% expected 102 bb bb bb TT _E
----- 95% expected E
WW vy

CMS-PAS-HIG-21-014

Theory
o

Expected: 52
Observed: 97

bb WW
Expected: 18
Observed: 14

CMS-PAS-HIG-21-005

bb ZZ &
Expected: 40
Observed: 32

Combined

Acc. by JHEP (2206.10657)

(o)

(o)
<2
<2

Multilepton «
Expected: 19
Observed: 21

Acc. by JHEP (2206.10268)
I o—

bb yy &
Expected: 5.5
Observed: 8.4

JHEP 03 (2021) 257

—
o
T IIIIII|
1 IIIIII|

Acc. by PLB (2206.09401) -
] ] ] |

95% CL limit on o(pp — HH)/c
S

bb 1t %
Expected: 5.2
Observed: 3.3

bb bb &

E ted: 4.2 Nature 607 (2022) 60
Observed: 7.2 IS Th;. ML —-e— Observed
I L PP PP PP PP PP PP PP PPN — ar/J/L s pa ~L/N/ .
He g PPpep ~C |---- Median exp.
Comb. of & un 2
Expected: 2.5 Nature 607 (2022) 60 B 68% exp.
Observed: 3-4 L1 1 11 11 I 1 1 1 1 11 1 1 I 1 1 1 1 11 1.1 I E 950/0 eXp-

1 10 100 1000

95% CL limit on o(pp — HH)/or oy HH Discovery expected at the HL-LHC
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https://www.nature.com/articles/s41586-022-04892-x

S Run 2

Nature 607 (2022) 60-68

Limits on Higgs boson self-interaction k; and quartic coupling x,, (VVHH)

SM values assumed for H modifier couplings to t and V

CMS 138 fb” (13 TeV) , CMS 138 b (13 TeV)
[ T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T T T I T ] 1 0 __ T T T T I T T T T I T T T T I T T T T I T T T T I T T T T __
L K =Ky =Ky =1 —— Observed ~ ----- Median expected E K=K =K, =1 —— Observed ~ ----- Median expected -
£ Theory prediction BB 68% expected £ Theory prediction B 68% expected
----- 95% expected ===-- 95% expected

N

N

103:

Excluded Excluded

95% CL limit on o(pp — HH (incl.)) / fb
95% CL limit on o(pp — HH (incl.)) / fb

10:
Excluded Excluded
L% o T T N P B SR SN B S B 1 0 0 TR B \ L P IS TR RS
-6 -4 -2 0 2 4 6 8 10 -2 -1 0 1 2 3 4
: Constrain on Higgs coupling modifier k,y "
Constrain on Higgs self coupling modifier k; —0.67 < Ky < 1.38
-1.24 <x; < 6.49 K,y=0 excluded with 6.6c significance
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https://www.nature.com/articles/s41586-022-04892-x

* Results in agreement with the SM

* Strong limits, below 1%, on LVF of H> e, ur, te

* Higgs may play a role as a portal to new physics

theories ; H=>invisible observed (expected) limit
of 0.15(0.08) @95% CL

* HH measurements @HL-LHC
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e Searches for BSM decays of the H

— The exotic decay channels may include the Higgs boson decaying to a pair of light pseudoscalar
particles, subsequently decaying to pairs of SM particles.
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TT(LLR), vy VY

1G-21-003 CMS-PAS-HIG-22-007

Interpretation in 2HDM+S (4 types cplgs to avoid FCNC@LO
Mass range: 15-60 GeV

.~ CMS Preliminary 138 fb! (13 TeV)
= S
© +S type IV (Tttbb + ppbb) -~
+ =
CMS preliminary 138 fb™ (13 TeV) 3.5 = 95% CL on B(H-aja1) = 100% ©
g \\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘7 - 95%CL°"B(H_'a1a1)=16% i 103‘0
= 14 upper limits - : P
8" oo it sEecLupparims ] 3o _ i CMS Prel/m/nary 35.9-138 fb" (13 TeV)
1 12 Combined = - Median expected a K ] m g E
m: |:| 95% expected 1 55 F - g T 1
© [ % expecte : - __ __ |
JT: woll I 68°% expected 4 - : d I 102 R
= B C b o = = H
@ CMS-PAS-HIG-22-007 - S0k ,’\\ ,/\\ 4ty @ = 1
] Tr 7/ g o [ -
: = R - S 10 =
] bo— . = & 3
] 15Fe= = o E =
] C T I _
4 o Lo E <
— 1.0 0] - =
1 C 10! R ]
S C -1 |
osfs 107E E
L CN 0 = =
7\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\‘\\\\T -1 | ]
0715 20 25 30 35 40 45 50 55 60 « 10 cﬂslplre.“.m,'qalry. S |1 AL |(1.3.T'ey) = 102 =
4 E 3
m,, (GeV) c 2HDM+S type Ill (TTbb + ppbb) 10 E\; E [ ] Observed exclusion 95% CL E
+ = = 95% CL on B(H-aja1) = 100% & S === Expected exclusion 95% CL N
JCMs BRE: fb (13 ToV) W7 B e A 2 10°E Mo 23 s o -
F i T T ] 1 - PLB 796 (2019) 131 PLB 800 (2019) 135087 T
5 C 95% CL upper limits 7 L 103 E B H— aa - pprr H— aa - pprr n
€ 35 o Observed E ) 104 - JHEP 08 (2020) 139 JHEP 11 (2018) 018 —3
E C ---- Median expected ] 5 - H — aa — llbb 3
& 3 B 68% CL expected | 3 o HIG-22-007 I ]
T E 95% CL expected E o\o 10— 1 1 1 1 1 1 11 1 1 1 1 |
5 — 1 2 4 7 1 2 4
g 2% CMS HIG-21-003 107 8 5 678910 ° o "(é’g\?;’
T ] a
T 2= = .
T ] CMSPublic/Summary2HDMSRun?2
T F ]
1.5 —
< .
T E 10t Most stringent limits on Br(H—>aa) in
a ]
& s k the mass range 15 - 60 GeV

Values above 23% excluded for Typ€ I

Ma, (GeV)



https://twiki.cern.ch/twiki/bin/view/CMSPublic/Summary2HDMSRun2

e Searches for other spin-0 particles

13/09/23 Slawek Tkaczyk Scalars 2023
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Search for additional light H = yy decays below H(125)

S/(S+B) Weighted Events / GeV

«10°CMS Preliminary
T T I T T T T T
m,=95.4 GeV

80

¢ Data
— S4B fit

------ B component

[+1o

132.2 0 (13 TeV)
RV A A

60:— EXe
40:—
203—
0:| ] | e
600 component subtracted

400
200

-200
—-400

70 80 90
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100

110

m,, (GeV

—_

~ ol

CMS preliminary 132.2 fb™ (13 TeV)

)SM

— Observed

. Expected * 1o E

————— Expected * 2¢ E

/ o, x B(H— vy
o
[o0]
T
|

95%CL

o, x B(H— vy)

70 75 80 85 90 95 100 105 110

m,, (GeV)

Local p-value

=2 VY

CMS-PAS-HIG-020-002

1CMS Preliminary
Er

132.

2" (13 TeV)
e e

1071E
1072
10

104

10°E

L —— Observer d 13 TeV (2016)

——— Observed 13 TeV (2017)

FE ——— Observed 13 TeV (2018)

[ —— Observed 13 TeV (Run 2)

,,,,,,,,,,,,,,,,,,,,,,,, 146

70

75 80 85 90 95 100 105 110

m, (GeV)

Data compatible with background-only-hypothesis

Observed Upper Limit on o x BF : from 73 to 15 fb-1
Largest deviation M=94.5 GeV w/ Local (Global) 2.9(1.3)c

Scalars 2023
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https://cds.cern.ch/record/2852907

| higgs ¢

JHEPQ7(2023)073

¢ = 17 in lepton or hadron decays

138 fb" (13 TeV) 138 b (13 TeV)
- ‘ ‘ - ‘ ‘

—e— Observed —e— Observed
-------- Expected
I 68% expected

[ ] 95% expected

-------- Expected
I 68% expected
[ ] 95% expected

10?

95% CL limit on s(ggd)B(p—11) (pb)
95% CL limit on o(bbd)B(¢—17) (pb)

107 107
1072 1072
1078 107
Low-mass High-mass Low-mass High-mass
S | . . N | . . 4l . . M | L L
10 70 100 200 300 1000 2000 10 70 100 200 300 1000 2000
m, (GeV) m, (GeV)

Limits set [60 - 3500 GeV] ranging from 10pb to 0.3fb
e.g. two excesses in ggd at 0.1 and 1.2 TeV with ~3c

In MSSM scenarios M 12> & M, ¢12° additional Higgs bosons with masses below 350 GeV excluded
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http://dx.doi.org/10.1007/JHEP07(2023)073

dronic Resonance

CMS PAS B2G-20-009
Phys. Let. B 844 (2023) 137813

Bosons highly boosted

reconstructed as 1 super-jet with
new ML algorithm

[CTW4 CMS Experiment at the LHC, CERN

CM%:[ CMS Experiment at the LHC, CERN
| Data recorded: 2018~Jul-12 02:31:17.851712 GMT |

Data recorded: 2018-Jul-12 02:31:17.851712 GMT

| Run/Event/LS: 319524 / 953684541/ 663 Run /Event / LS: 319524 / 953684541 / 663



https://doi.org/10.1016/j.physletb.2023.137813

onhic Resonance

= CMS PAS B2G-20-009
Phys. Let. B 844 (2023) 137813

Models: spin-2 Gravitons, and spin-0 radions

0 138 b (13 TeV) . 138 fb™ (13 TeV)
T | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTT IE T | TT T 7T | T T 17T | T T 17T | T T 17T | TT T 7T | TT T 7T | TT 11 | TT 11 | T 11 |§
g CMS ——— Observed ] o) CMS —— Observed ]
— S Expected 1 std. deviation _ = ’ [ Expected + 1 std. deviation ]
; """""" Expected * 2 std. deviation - S E e Expected + 2 std. deviation :
T 10" T omX BG,, > V), k=05 a T ] T oy x B(Rad — VV) ]
. 10 E
L 10° E L 102 i
[@)) B 1 10 = 3
[e)) C 7 (o] = ]
| | 2 |
-3 | 1 I~ . n
< 10°F Q: 10°k Spin-0 |
@) - i - -
L @) C _
104 i
- 10 =
1 0—5 i /§§35I 11 | 1111 | 1111 | 1111 | 1111 E / R

1.5 2 2.5 3 3.5 4 4.5 5 5.5 6 10*5 | | 1111 | 1111 | 1111 | 1111 | 1111 | 1111 | 1 T p2 \ Al 11 | 1111

M, [TeV] 15 2 25 3 35 4 45 5 55 6
bulk
M., [TeV]
Mild excesses observed — :
Limit on Gy mass @2.182.9TeV with 3.65(2.3c) local || Limits on Radion mass:
. . pe . [0)
Gpui 1.4 TeV at 95%CL (global) significance Rad: 2.7 TeV at 95%CL
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https://doi.org/10.1016/j.physletb.2023.137813

Higgs
CMS HIG-20-017

Eur. Phys. J. C81 (2021) 723

q a a

Leptonic decays of VV and VBF selection

Interpretation using Georgi-Machacek model with additional triplets

e.g. one SU(2) isotriplet allows charged higgses to couple at LO to V-bosons

VBF production of charged Higgs:Hs(H*, H**) — degenerated in mass@LO -Ff--<z:
W‘i
137 fb' (13 TeV) 137 b (13 TeV)
a C T T T T T T [ T T T T f o) C T T T T T T T T T T T — >
% - CMS — Observed ] % _CMS — Observed i 137 fb™! (13 TeV)
% L E% 68% expected 1N 1 _'; B 68% expected | a 1
J% 1 95% expected 1= g t--: 95% expected 1
i g = c . ]
T 107 e %= —_+T a e =1 ] o8
+ 1T | I == Observed
-'j: ] FQ/ : B® 68% expected
E 7] 06" 95% expected
X i - [ rHymH) >0
b 10—2 :_ 04
i e 0.2
L 1 1 1 | 1 1 1 1 | 1 1 PR 1 10‘2 = ! ! | L L i i I"] I I I I
1000 2000 30( 1000 2000 300 i Su fraction of W mass generated by VEV of the triplet
mH++ [GeV] mH+ [GeV] O ! ! | ! ! ! ! | ! ! 1 1 | 1 1 ! !
500 1000 1500 200
Most stringent limits on production of GM charged higgses to date My, [GeV]

GM particles as a resolution of tensions in EWK fits with new CDF my, e.g.Ellis et
al. arXiv:2204.05260 - list tree-level single field extensions that include EFT dim-
6 operators providing a better fit than SM alone among them 2.9TeV =— triplet
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Exclusion of model parameter Sy
for masses 200-1500GeV:

0.2-0.35@95%CL
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http://dx.doi.org/10.1140/epjc/s10052-021-09472-3

* Crucial precision and fundamental Higgs
measurements available

— Exciting info about properties, exotic decay modes
— Agreement with the SM expectations and EWSB

* No hints of additional spin-0 particles so far

e Additional results soon to come with Run2&3
datasets
— Clarification of the mild excesses observed in the data

—Improved precision with increased impact on the
Higgs boson physics
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Additional Slides
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Run 2

Phys. Rev. D 104 (2021) 032013

CMS 137 b (13 TeV) CMS 137 b (13 TeV)

TTTT;TTTT{TTTT‘TTTT‘TTTT{TTTT TTTT3TTTT{TTTT‘TTTT{TTTT{TTTT

er,, 0 Jets

L 0 Jets
0.37 (0.33)%

H — et BDT fit

e Observed

X Median expected
I 68% expected |
[ ] 95% expected

H — pt BDT fit 0.44 (0.39)%

e Observed er,, 1 Jet
X Median expected 0.68 (0.44)%
I 68% expected | B

er,, 2 Jets

[ 95% expected 0.78 (0.55)%

Wt 1 Jet l
0.40 (0.43)%

Wt 2 Jets .
0.50 (0.49)%

we , VBF l ert,, VBF

0.39 (0.30)% 0.57 (0.35)%
u, 0 Jets l

0.31 (0.34)%

(1L 1 Jet .

0.36 (0.57)%

er, 0 Jets
0.42 (0.34)%
ert,, 1 Jet
0.56 (0.53)%

T, 2 Jets er, 2 Jets
0.77 (1.13)% - 1.35 (1.08)% -

1L VBF et,, VBF
0.58 (0.83)% < 0.42 (0.86)% d
015 (0.15)% )I 1 1 1 H'>HT 022 0.16)% i’ 1 1 1 H-?ET
—1 0 1 2 3 4 5 -1 0 1 2 3 4 5
95% CL limit on B(H— ut) % © 95% CL limit on B(H— et) %
Observed (expected) Best fit branching  Yukawa coupling
upper limits (%) fractions (%) constraints
H— ut <0.15 (0.15) 0.00 +0.07 < 1.11(1.10)x1073
H— et <0.22 (0.16) 0.08 +0.08 < 1.35(1.14)x1073

No excess observed in Run 2 data
13/09/23 Slawek Tkaczyk Scalars 2023 35


http://dx.doi.org/10.1103/PhysRevD.104.032013

1<m(a)<30 GeV mass range considered with
resolved yy

Data driven methods to estimate Backgrounds
BDT classifier optimized to discriminate signal

102

Data compatible with background-only-hypothesis

95% CL limits on o(pp— H— Za— 2l + 2y)(fb)

Limits set on o(H) x Br(H=> Za—> € yy)

Limits set on the Axion-Like-Particle coupling
parameter to H,Z, ALP

13/09/23 Slawek Tkaczyk Scalars 2023

=2 00 vy

CMS-PAS-HIG-22-003

CMS Preliminary | 1387 (13 TeV)

- — Observed |
N Median expected

5 - [ 68% CL , expected:
- [ 95%CL expected:

0 5 10 15 20 25 30
m, [GeV]
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ggF and VBF production considered
Fully leptonic final states (ee, uu, ep)

New analysis techniques implemented
Various width hypothesis considered

Heavy higgs excluded up to 2100TeV
@95% CL depending on the production

model

Upward fluctuation observed in data
over the expected background

Signal hypothesis at mass of 650 GeV
with highest global significance of 2.6c
for VBF production only

Additional exclusion limits obtained
on MSSM and 2HDM scenarios

13/09/23 Slawek Tkaczyk

95% CL limit on o(H—>WW->212v) [pb]

95% CL limit on o(H—>WW->212v) [pb]

Preliminary

107'E
102F
1073 3

107 E

105k

138 b (13 TeV)
et
-»-Observed
----Expected
[ 68% expected
[195% expected E
— Exp. for SM-like Higgs]

Scenario: f,;.=0

P IR
1000

PR TS S NS S
3000 4000 5000
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138 fo™' (13 TeV)
L L L L I
10 CMS - Observed 3
Preliminary ----Expected
[ 68% expected
1 []95% expected 3

107'E
102

1073 3

— Exp. for SM-like Higgs]

Scenario: Floating fvar *
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P I PRI BRI
1000 3000

‘ ;1006 - 5600
m,, [GeV]

95% CL limit on o(H—>WW->212v) [pb]

95% CL limit on o(H—>WW->212v) [pb]

to WW decays

CMS-PAS-HIG-020-016

138 fb" (13 TeV)
—_—
-o-Observed
----Expected
[ 68% expected
[195% expected E
— Exp. for SM-like Higgs]

Scenario: f,; =1
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1000
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2000

PAT S SS E TS S |
3000 4000 5000
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138 b (13 TeV)
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10F CMS -»-Observed 3
Preliminary ----Expected

[ 68% expected
[195% expected E
— Exp. for SM-like Higgs]

Scenario: SM f, .

08

1000

PRI R
2000

P P N SR T
3000 4000 5000
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bb)H(yy)

CMS-PAS-HIG-021-011
CMS Preliminary 138 fb (13 TeV)

T — ! ! | ! ! ! ! ! !

b é‘l 04 S My =300 GeV (x10') pp—)X—)HY—)yy bb (Spln O)

v —~40'3 m, =350 GeV (x10'%) : Expected limit + 2 std. deviatio
I'_81 0'2 = 400 GeV (<10 I Expected limit + 1 std.deviation

; F s TR Expected 95% upper limit
1) )
y 1010 > ™ =450 GeV (x10") —e—— Observed 95% upper limit
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o(pp — X) B (X > HH — yybb) [fb]

_.
<
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I Expected limit + 1 std. deviation
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T
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CMS-PAS-HIG-021-005

Resonant X>HH - WWhbb in leptonic and hadronic decays . CMS Preliminar 138 fb™' (13 TeV)
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onhic Resonance

CMS PAS B2G-20-009
Models Gravitons, heavy spin-1 bosons (W’, Z’) Phys. Let. B 844 (2023) 137813
and spin-0 radions
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