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CMS summary plofts

Overview of CMS cross section results
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See here for all cross section summary plots

Light colared bars: 7 Tev, Medium: 8 Tev,

Dark: 13 TeV, Darkest: 13.6 Tev, Black bars: theory prediction

Precision measurement of plethora of processes
- In general, good agreement with SM prediction
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See here for all cross section summary plots Light colored bars: 7 TeV, Medium: 8 TeV, Dark: 13 Te, Darkest: 13.6 eV, Black bars: theary prediction

Standard model predictions match data very well
Precision measurement of plethora of processes for Higgs production & decay also 5193

- In general, good agreement with SM prediction
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Baryon asymmetry of universe Neutrino oscillation Dark matter
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Flavor anomalies, W mass, (9-2) .. Pattern of fermion masses ‘Naturalness' of Higgs mass
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Searches for resonances decaying to Higgs boson(s) = HEPHY
VH final state:
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https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-023/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-005/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-21-003/
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-014/index.html
https://inspirehep.net/literature/2705674
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-21-002/index.html
http://cds.cern.ch/record/2853597?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-007/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-002/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-19-006/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-009/index.html

'f!"llln.,
A— 7ZH - lITtT |_>/)T’/HEPHY

INSTITUT FUR HOCHENERGIEPHYSIK
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minimal supersymmetric extension of SM (MSSM)


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-18-023/index.html
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- Background processes primarily from simulation — smoothened / modeled with functional forms
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- (W/Z)H - q(]bb llllmDn’/HEPHY

- Background estimated from data by fitting nonresonant (QCD) & resonant (W/Z+jets)
in 3 dimensions: m®” , m® ,m__ - Constrained using jet mass sidebands
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Multiple event categories used: M, [TeV]
-Ay (W/Z,H)<=1or>1 =
. 3 E 7123
- Using DeepAKS8 scores B M —1

Analysis also explored WW, WZ final states


https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/
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Phys. Left. B 844 (2023) 137813 7= (W/Z)H - qub L),’/HEPHY

e}

- Background estimated from data by fitting nonresonant (QCD) & resonant (W/Z+jets)
in 3 dimensions: m®” , m® ,m__ - Constrained using jet mass sidebands

J2
138 fb (13 TeV)
> L N
q_).l 000; CMS —4-Data —Background fit 7
q (c'?_ - DY/ggF VH HPHP cat. g;gggi foune-- m:gz ] p
¥ 80055 < ' <215 GeV - Zsjets - 138 fb™ (13 TeV)
. _‘g i1.25<m5K8<6.0TeV\:}Z‘(STeV)—>ZH(x20) 1 10?|IIIIIIIIIllIII|IIII|IIII|II”|II”|IIIII”HE
Drell-Yan production & 600 " g - CMS Observed ]
L F L _
400 = L S Expected + 1 std. deviation i
Decay mode: 200 E - Expected + 2 std. deviation s
F + - B(V' — VV+VH) HVT .
W/Z - dg +H- b b O L mansrerms ) ) o ; 107L Oy X B(V' — VV+VH) B _
: : <l s + - ]
Final states considered: §o"’ E‘#ﬁ“ﬁﬁ? *’*i**‘“** #%;JM ;n % l s i
- 2 large (AKS8) jets 0 1s0 i ?GOSV] > b
1381”13 TeV) Qq 10°E =
3 . . 1 7;! T LA L T E 3
— bb- & qq-tagging of AKS8 jets using 3 1265 cMS | éggoe;té —Sackgrono i 3 <  F -
E + 1o unc. ultije —g
deep neural networks (DeepAKS8) S 108 i_gg/gngVBH PG s © ol
. S EB5<m .’ < eV - Z+jets 3 E
w/ mass decorrelation B 10 b o ey (12 GTV 5ZH620) 2
[ P et2 E L
JINST 15 (2020) PO6005 2 (ol 1
15 2 25 3 35 4 45 5 55 6
Multiple event categories used: B M, [TeV]
Local excess: ~ 3.6 (2.3)0
-Ay (W/Z,H)<=1or>1 =
. g E 7123
- Using DeepAKS8 scores B R AR S—

Analysis also explored WW, WZ final states


https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-20-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/JME-18-002/

VBF production  d

Decay mode:
W/Z - qq+H- bb

Targeting VBF production w/
additional conditions:

-An (j,j) > 4.5

-m, > 800 GeV

j — AK4 jet (not overlapping w/ V & H candidates)

Phys. Lett. B 844 (2023) 137813

..)

Ay, "/

b
2= (W/Z)H - qqgbb (contd P HEPHY
- Background estimated from data by modeling w/ parametric functions
in 3 dimensions: m®” , m®® ,m__ - Constrained using jet mass sidebands
CMS Supplementary 138 fb (13 TeV) g
% 50j l + Data’ —Background flt* 138 fb (1 3 TeV)
Q) - gggzg;wunc :\/AVUIt'Jtet 10:||||||||||||||||||||||||||||||||||||||||||||||:
o C VBF VHHPHP cat. +iets —_ = =
¥ 40 S 55 <215GeV Cvry @ TV HzH ] o) - CMS Observed o ]
@ (25 < g0 Tey  (*5000 2 - NS Expected + 1 std. deviation :
c [ 1.25 <mi™ < B
2 30r T 1 s Expected + 2 std. deviation E
S - GryX B(V' — VV4VH) HVT , ¢ =1 -
; . - O X B(V' = VV4VH) HVT , ¢, = 3_;
=> - -
0 : T - .
: N T - .
}gg%‘* bt bbbt 1+ L++¢ > 10° 3
gb_z}TﬁT$fT ++T+++++ +++QF L - ]
100 150 g B 7]
miy [GeV] E 103 —
s CMS supplementary 138 fb™ (13 TeV) x f
> 10 T T pata —Backérduddht o) 4l = '
O] e [l £ 1o unc. ---- Multijet 1 0 = E
o 10" 5 vBFVHHPHP cat. i -+ Wijets = - 3
o AKS - Z+jets C _
Ay 10°L - 55 <mf <215GeV (—vBF Z (3 TeV) - ZH B _
% _55<mAK8<215GeV ( 5000) 10—5 ‘|I|5||||é |||25|||3||||J5||||4|-|||A|é|||5|||||5|5||||6
2 ) } ) . )
M, [TeV]

Analysis is not sensitive to VBF production yet
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W
=7 HEPHY

Interpretation performed in heavy-vector triplet models for scenarios with suppressed V'= fermion couplings

107"

1072

95% CL upper limit on 6 (pp — W') [pb]

1074

Drell-Yan production

CMS Preliminary March 2023 138 fb™ (13 TeV)
- —W2Z - gql JHEP 04 (2022) 087 ]
: WZ — gqvv PRD 106 (2022) 012004 ]
[ —WZ - Iv,qq PRD 105 (2022) 032008 |
= —WZ — qg,qq 2210.00043, Acc. by PLB 3
- WH — Iv,bb PRD 105 (2022) 032008 .
i —WH — qqg,bb 2210.00043, Acc. by PLB |

Assumes HVT (model B) BR
Some entries are stat. dependent

DY production
—— Observed
----- Expected
—— Heavy Vector Triplet (Model B)

1 2 3 4 5 6
M, [TeV]

—
<

1072

10°°

95% CL upper limit on ¢ (pp — W' jj) [pb]

- Comparable sensitivity between W’ - WZ & W’ —» WH searches

Pappadopulo, Thamm, Torre, Wulzer (2014)

VBF production
CMS Preliminary March 2023 138 fb' (13 TeV)
WZ — gquv PRD 106 (2022) 012004
—WZ - Iv,qq PRD 105 (2022) 032008
—WZ — gg,qq 2210.00043, Acc. by PLB i
—WH — qg,bb 2210.00043, Acc. by PLB

Assumes HVT (model C) BR
Some entries are stat. dependent

VBF production
—— Observed
------ Expected
—— Heavy Vector Triplet (Model C, c=1)
—— Heavy Vector Triplet (Model C, ¢ =3)

9/23

- WH search offers best senstivity for W’ production via VBF at very high mass
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Summary plots (Z’-=VV/VH) S,
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Interpretation performed in heavy-vector triplet models for scenarios with suppressed V'= fermion couplings
Pappadopulo, Thamm, Torre, Wulzer (2014)

1073

95% CL upper limiton o (pp —» Z') [pb]

1074

Drell-Yan production

DY production
Observed
Expected

—— Heavy Vector Triplet (Model B)

95% CL upper limit on ¢ (pp — Z' jj) [pb]

: Assumes HVT (model B) BR . 1072 Some entries are stat. dependent ]
i Some entries are stat. dependent | VBF production ]
N i Observed .

Expected |

—
<
]

VBF production

Assumes HVT (model B) BR

CMS Preliminary March 2023 138 fb™ (13 TeV) CMS Preliminary March 2023 138 fb' (13 TeV)
. —— WW - v,qq PRD 105 (2022) 032008 1 —WW = v.aq PRD 105 (2022) 052008 1
7H bb £210.00043. Acc. by PLB ZH — gq,bb 2210.00043, Acc. by PLB
S — a4, ' » AeC- DY ZH = /vy bb EPJC 81 (2021) 688
10 ZH - llivv,bb  EPJC 81 (2021) 688

—— Heavy Vector Triplet (Model C, c.=1)
—— Heavy Vector Triplet (Model C, ¢ =3)

1 2 3 5 6 5 6
m_.[TeV] m [TeV]
- Comparable sensitivity between Z’ -~ WW & 7’ - ZH searches
10/23

- ZH search offers best senstivity for Z’ production via VBF at very high mass


https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G#Summary_of_public_Di_Boson_resul
https://inspirehep.net/literature/1281686
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Dominant backgrounds:

Real : DY/ VV/tt - 11

: — estimated from data
Jet faking as T

CMS 137 fb' (13 TeV)

- Separate multiclass neural network (NN) trainings with

0.1

. . \\ 1 1 > p Limit below maximally allowed values _: g
Final states considered: multiple (clusters of) signals + background processes & 20001 L usss gony 1 e we 1 =
~— QO
- NN discriminators used to extract signal & 1 =2
et +bb, pt_+bb, T T +bb & < =
h h h'h control background shapes 1000 =
P
<
1
103€Th: TT 137 o' (13 TeV) et,: Signal 137 fo' (13 TeV) 600 o
b2 o T T T -] 17 © [ T T T ] 500 ©
8| v CMS 4 Observed ZItt/diboson - 3| 28000FCcmMs -+ Observed [ Zit/diboson (tt)— c
55 © P Etf (Pc)I 0 1 3|l mz-l mmt () i 400 0012
[l Diboson (k) []Jet—rt ] © i B Diboson (k) - LJJet=T, ] 300 £
30 _ h ] 6000 [ Single h Bkg.unc. -] 3
[]Single h Bkg.unc. i = — H(500)—h(125)h (110) (200 fb) E O
. - ] 200 2
20 3 4000 (- — Y
o ] i ]
10 - 2000 100
0 L 1 L ? 60
z 10 B 300 400 1000 2000 3000 000
7 B = 55
3 Z.: _@g my (GeV)
3 2 15F 1 3 §
3 - HE . . pe
e R e No significant excess observed on 2-D mass plane
Ol 02 0.4 06 0.8 1.0 “

T

11723


https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-20-014/index.html
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; W,
| Phys. Left. B 842 (2023) 137392 X—YH = bbbb (boosted) '_'>/./37V/HEPHY

Multijet production in QCD « estimated from data

) @ Dominant backgrounds:

tt — estimated from simulation + data-based correction CMS 138 fb~! (13 TeV)
= T L B R B IR R
; 138 fb-1(13TeV) 8 ——- Observed for NMSSM 102
c 10CF—rT———T——7— T T3
. . S Mx=1600 GeV ] = —— Observed for TRSM
Final states considered: @ o OMS + e —yisoeer = |
§ -:\tﬂ | Mx=2000 GeV |
. 108 ultijet 77 My=300 GeV
2 AK8 jets " Total bkg. Mx=3000 GeV | 10°
102 uncertainty — " My=400 GeV E

- Graph-neural network based

o(pp > X - YH — bbbb) = 1 b |
jet tagging boost signal sensitivity :

on a(pp = X = YH — bbbb) [fb]

Observed exclusion limits at 95% CL

100
(13 TeV) 100
o 10-1
3 CMS simulation ,
2 .. Mx=1600 GeV 10 T T ]
% o Multijet * My=90 GeV o 1 ] 10-1
c 1.0 : —T— = 20 1 15 2 25 3 35 4
o ! | o N o g | . B R T I
'(E“ N Vs3 y81 " - | SR 100 200 300 400 500 600 y Mx[TeV]
o 098 MY [GeV 108 oo 2_(13TeV)
) re) F Mx=1600 GeV ] . . .
T oos 2 gl CMS + Daa _mﬁﬂso Gev | Search is sensitive to allowed
5 0. g =2000 GeV ] . .
= g Multiet 7 My=300GeV parameter spaces in multiple models
S 10° e Totalbkg.  My=3000 GeV 7
; i uncertainty My=400 GeV | ')
>_ 08 102:_ N . ‘
E a(pp » X - YH - bbbb) =1 fb
0.6 |
0'00.0 0.6 0.8 0.94 0.98 - 1.0
H-candidate ParticleNet score
12/23
Multiple signal regions to cover wide range X & Y masses e e 0T 35T 300735572000

MJJ [GeV]


https://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-21-003/
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Final states considered:

2 isolated photons + 2 (b-tagged) AK4 jets

_sCMS 1381 (13 TeV)
D . oF — Data | m, = 300 GeV, m, = 90 GeV (x 109
G 10°E - ggF H —— m, =600 GeV, m, =90 GeV (x 10%)
S0’ EEVH  —— m, =600 GeV, m = 300 GeV (x 107)
P VBFH —— m, =900 GeV, m, =90 GeV (x 10°)

10 my = 900 GeV, m, = 300 GeV (x 10°)
2 10° , =600 GeV (x 10°)

[GeV]

mwij
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X—-HH/YH = bb YY %!/HEPHY

Dominant backgrounds:

- y+jets, yy+jets, production in QCD
— reduced using BDT trained in multiple exclusive regions targeting different m -m_ranges

+ estimated with functional forms fitted using data

- Resonant ttH( - yy) background reduced using neural network

* X candidate mass reconstruction using X = Moyjj — (””?’r - ?””H) - (mjj - my)

Signal extraction using 2D mass distributions (mjj — mW) in regions defined by BDT scores

Events/ (1 GeV)

CMS 138 fb' (13 TeV 0CMS 138 fb' (13 TeV
:IIllllllI|llIIIlIIlIIIlYlIlTIllYIIITIII: —_~ :I I T T T ‘ T T T | T l_l I T T T I T T T | Y:
7E (Spin-0) X — HY — yybb CATO 3 %_, gf_(Spin-O)X—>HY—>Wbb CATO 3
- my =650 GeV ¢ Data ] O gL my=650GeV ¢ Data E
6F-m,=125GeV| ... S+B fit E © S m,=125Gev e S+B fit ]
5:_mY=90 GeV — B component E 75—mY=90 GeV — B component
- M to ] S 6F Mo 3
4 26 E D 55 2o =
3 ~ = 4t 3
ol | E 3E E
| 2k .
i i 1 ;
I'lllu“nlllllnl;l;;;. ----------- IO e > 0: ||||| | -
4__IIIV||||||||||‘IIIK'II|||V||||||||||‘||_ 4_I I { T I T T T | T T | T T T I L
E B component subtracted 3 . B comppnent subtracted
2 \ m 2 -
0 , : e ]
_of = —oF =
T T T D D T = Y N R R B S B
100 110 120 130 140 150 160 170 180 80 100 120 140 160 180 13/23

m,, [GeV] m. [GeV]
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CMS 138 fo' (13 TeV)

Limits below theoretical cross section

| — NMSSM

1

on o (pp —» X —» HY — yybb) [fb]

o
Observed exclusion limits at 95% CL
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138 fo' (13 TeV)

0 ;
my = 300 GeV my = 350 GeV my = 400 GeV
1_
| 10°! 0 700 250
1 mX =450 GeV m, =500 GeV m, = 550 GeV '
10—1 L
10255 160 5 T80 200 250 300
1mx_600GeV ' ]
10k w V .

102

100 150 200 250 300 350 400

ol

100 150 200 250 300 350 400 500

G (pp — X) B (X - HY — yybb) [fb]

fmy =750 GeV m, = 800 GeV m, =850 GeV
101E w ]
10”00 100 200 300 ~ 400 500 600 700 200 300 400 500 600

LMy =900 GeV m, =950 GeV mg = 1000 GeV |
o S | S |
102

| e e
| e e
e o |
e |

100 200 300 400 500 600 700

100 200 300 400 500 600 700 100 200 300 400 500 600 700 800

my [GeV]

(Spin-0) X — HY — yybb

I Expected limit +1 6

Expected limit 2 ¢

----- Expected 95% upper limit —— Observed 95% upper limit
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CMS

‘Compact Muon Solencid
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400+ E>
=T
300+ RSN
10712
B 2
)
200 |- dg
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[T
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1 00 — . -I O—ZO
400 500 600 700 1000
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Excess observed at m , m _=650,100 GeV
« 3.8 (2.8) local (global) significance

ankiv:2310.01643 X—HH/YH - bb vy (Contd ..) E
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CM 138 b’ (13 TeV)
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0 .
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1F a
| 107 70 740 700 750 500 350
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----- Expected 95% upper limit —— Observed 95% upper limit
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I CMS HIG X-=Yh Summary Plofs

Summary plots (X—YH)

X mass: < 1 TeV X mass: >= 1 TeV

CMS Preliminary 138 fb' (13 TeV

=

» CMS Preliminary 138 fb™! (13 TeV) g 10° T T T T T 1
) 10 T L R B B R L B B B AL — = Loeeeee expected ———— bbbt - JHEP 11 (2021) 057 -
£ Lok bb Tt ~ -JHEP 11 (2021) 057 ] 8 - observed — = bbbbmerged-et - Sub. to PLB (2204.12413) —
3 - bb bb merged-]et - Sub. to PLB (22041241 3) - T 10'® = Narmow Width appr. ———— bbyy - CMS-PAS-HIG-21-011 -
LIF - bb vy -CMS-PAS-HIG-21-011 Y b hesmesunen ]
10°F 10, Narrow Width appr. 5 8 i 2 my =1000 GeV (x 10) ]
>: i m, =400 GeV (x107)  Assumes SMHBR ] '? 107 E
> [oosamesssiics _ o E
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= F L Mmy=450GeV (109 oo Do = 1200 GV G 109 .
E P = fox | _
T F = ‘5’ r ]
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Complementary sensitivity in analyses tar geting different final states

W
=7 HEPHY
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g . flmln.,
| CMS-PAS-HIG-21-005 X—=HH = bbWW (resolved + semi-boosted) L>/,".!/HE|:HY
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b
H . < -
X . b CMS Preliminary 138 fb~1 (13 TeV)
- = = = = y 751
I‘:r . Lﬁ’ g ; HH
1 100 o pata —— Radion (400GeV) W-+ets Other
q 106 ™ Total Unc.  mmm Top Misid. lep.
q{f 3 res. = 1b boost.

Final states considered:
H- WW* _ 2 leptons + MET / 1 lepton + jets + MET
H - bb - 2 small-radius jets /1 large-radius jet

Background estimation: 10!

Data-driven approach for particular backgrounds: 10°
- 1 lepton channel: fake lepton background
- 2 lepton channel: Drell-Yan + jets background

=
'—I

Data / Exp
=
o

L1 ] "

t

10 15 20 5 10 15 20 5 10 15 20
DMNN score bin / a.u.

All other background processes estimated using simulation

it
o

(=]
(9]

Deep neural network training:
- separate signal & background
- score used to extract signal

16/23
Training performed separately for single- and di-lepton final states
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CMS, |
| CMS-PAS-HIG-21-005 X=HH = bbWW (resolved + semi-boosted) =7 HEPHY _

—

—
=]
o

. v CMS Ppreliminary 138 fb™' (13 TeV
LY Z]ﬁj ||||III||||||||||II|II|||||||||||||||II
’1 —— Observed = =-ee- Median expected
qrv .
Bulk Graviton x=0.3 SR 68% expected
---------- Bulk Graviton x=0.5  ===-- 95% expected

_— HH) (fb)

spin-2
—
o

.

----- Bulk Graviton ¥ = 1.0

Final states considered:
H- WW* _ 2 leptons + MET / 1 lepton + jets + MET

H- bb - 2 small-radius jets /1 large-radius jet 10°

Background estimation:

Data-driven approach for particular backgrounds:
- 1 lepton channel: fake lepton background
- 2 lepton channel: Drell-Yan + jets background

10%

95% CL upper limit on o(pp— X

200 300 400 500 600 700 800 900 1000

All other background processes estimated using simulation

M, (GeV)
Deep neural network training: . : ,
Model-independent constraints placed on spin-0 CP-even resonance
- separate signal & background (also on spin-2 resonances)
- score used to extract signal
17/23

Training performed separately for single- and di-lepton final states
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Summary plOtS (X—=HH) — HEPHY
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Constraints on spin-0 Radion Constraints on spin-2 Graviton
CMS Preliminary  August 2023 138 b ' (13 TeV) CMS Preliminary  August 2023 138 b (13 TeV)
g 10 ] 5 10 ]
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Nice complementarity between analyses targeting

- resolved and boosted topologies 18/23

- different final states
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Summary plots (X—=HH/VV) = HEPHY
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Constraints on spin-0 Radion Constraints on spin-2 Graviton
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Compact Muon Solencid

Summary & Outlook

Presented summary of searches by CMS experiment for resonances decaying to at least one Higgs boson
A- ZH

V’ - VH

X - HH

X-YH

Multiple analyses discussed targeting different topologies and final states
- Resolved vs boosted

- Final states with: Electrons, Muon, Taus, Photons, Small-radius / Large-radius jets

Some local excesses are observed

Looking forward to share new results w/ Run-3 data ‘soon’ Il
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V’ - VH

X - HH All these results are being
summarized in a review articlel

X->YH

Multiple analyses discussed targeting different topologies and final states
- Resolved vs boosted

- Final states with: Electrons, Muon, Taus, Photons, Small-radius / Large-radius jets

Some local excesses are observed
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Acceptance x efficiency

A— ZH - ll/vvbb lmml/)n’/HEPHY

INSTITUT FUR HOCHENERGIEPHYSIK

. ) . . A — Zh — (w,ll)bb 35.9fb" (13 TeV)
- Use of kinematic and angular information to reduce bkg g [ T
= 10 CMS 95% CL upper limits  —
. . . . 8 E —— Observed 3
- Background primarily from simulation s Expected i
+ normalization extracted from multiple control regions = | e ]
) N o) i -.-.- 2| expected E
2 A e ‘3‘5‘;3 f:°. 3TV I B -..=... 0l expected ]
g | cms Saziw)+es | = .
10% 0, 2 b tag, signal region =§g‘8:gﬁ E ? 107 e E
B - ) +jets e 3
i X i g L TREEESEEaNG - n
VY, VH = - o
- [Fitunc. 3 & 3, cos(B-o)=0.1
= . ---vPre-fn 7 10 £ Type-|
Decay mode: T e E = Typed

v v v v b b by I

111 I 1
300 400 500 600 700 800 900 1000

Z-11/vw+H-Dbb L

RRm|

m, (GeV)
35.9 fo' (13 TeV)
Final states considered: ek I 3
QZ‘ gi[%¥%r — cEC s . _
0/2 leptons + 1/2/3 b_tags gg/ 500 600 700 800 900 1000 1100 1200 1300 1400 1500
2h (GeV)
AP E ¥4 T 1102 M—- 1.1 A A 10— Observed Ihferpre’(aﬂon
A = Zh - (w,l)bb (13 Tev) I ¢ Data 3 e Expected
1:’I'"'I""I""I""I""\""I""I""I"': Z CMS mmzi)+jets u B - 1 std. dev also
- CMS .0, 1btag -=-0l,2btag -= 0l,3btag 7 220 ianal reai I Z(l) + b_ 1 - - ) ’ .
- Simulation «2,1btag --2|,2btag -=2|,3btag ] 10° 2 2biag. signalregion -+ i + 2 std. dev. performed mn
SR . 3 ~ -
| e= :\\:gen(é: IIII)) with I=(e, u, 7) or (v, vy, Vo) I ={/\)/( VH ] O.ther 2HDMS
1071 — - — 102 EE Fit unc. _
E 3 . @ e Pre-fit 3
E 3 ' Zm, - 300 Gev - 1
o B 2 m, =500 GeV 7]
- . 2 m, = 1000 GeV |
= § Gy =01 PD
2| | B I,/m
10 ; § n >22/o
C ] —>5%
i ] ! 10 —>10% |, :
3 L, E 300 400 500 600 700 1000
107 . : E g Zuh } ] m, (GeV) 22 /23
0 l 1111 l 1111 l 1 ) 10 l 11 l - 1111 J 1111 I 1111 I 1] Z AP - K3 3
200 300 400 500 600 700 800 900 1000 g 2 t E .
m, (GeV) 3 300 400 500 600 700 800 900 1000 1100 1200 Strong constraints at low taIlB + mA < th

my, (GeV)



Local p-value
3

1072

1073

1074

107°

~
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Low-mass di-photon search
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Some excesses in recent times seen by CMS

Low-mass di-photon search X- H(= yy) Y(- bb)
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Some excesses in recent times seen by CMS

Low-mass di-photon search X- H(= yy) Y(- bb)
(@ = YY) resonance search
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