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Harris and Kousouris, 2011

Hadronic Resonance Searches

Hadronic resonance searches: a long history

g
e Dijet mass [TeV]

(c)CDF, 106 pb™%,  (d)CMS,77fb™%,
/5 = 630GeV /5 = 630GeV Vs =1.8TeV V5 =13Tev

m Search for bumps in the m; spectrum on top of smooth QCD
background.
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Harris and Kousouris, 2011

Hadronic Resonance Searches

Hadronic resonance searches: a long history

o)

(a) UAL,260nb™ %,  (b)UA2,4.7pb™%,  (c)CDF,106pb~,  (d)CMS,77fb™%,
/5 = 630GeV /s = 630GeV Vs =1.8TeV /5 =13TeV

m Search for bumps in the m;; spectrum on top of smooth QCD
background.

But only one observation!
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Harris and Kousouris, 2011

Hadronic Resonance Searches

Hadronic resonance searches: a long history

(a) UAL,260nb™%,  (b)UA2,4.7pb™%,  (c)CDF,106pb~*,  (d)CMS,77fb~%,
/5 = 630GeV /s = 630GeV Vs =1.8TeV /5 =13TeV

m Search for bumps in the m,; spectrum on top of smooth QCD
background.

1990: observation of W /Z — qq by UA2
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Searches @LHC

Hadronic resonance searches remain a promising discovery mode
for many models of new physics

Addition W'/ Z' bosons

m Potential dark matter mediator (see
A. Hall's talk).
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RS gravitons

v

Extended color sector

q q

q a

m Axigluons, colorons, Sg model.
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http://resonaances.blogspot.com/2016/03/750-gev-bigger-picture.html

Leptophobic Z’ model

m For comparison of results, introduce a common simplified model,
leptophobic vector Z’, with uniform quark coupling g,:

Lv=g, Y. Z,0"q
q=u,d,s,c,b,t

m Simple scaling: o o g;.
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High mass dijets



CMS Experiment at LHC, CERN

Jet 1,

pt =3.43 TeV
eta=0.58
phi=1.71

Data recorded: Mon Aug 7 06:49:37 2017 EEST

Run/Event: 300575 / 65453124
Lumi section: 39
Dijet Mass: 7.9 TeV

‘ Dijet event with the 2nd

largest invariant mass in 2017

Jet0,

pt = 3.75 TeV
eta =-0.34
phi = -1.43

S



EXO-17-026

High mass dijets

” . X CMS Preliminary 77,8 fb™ (13 TeV,
Dijet search ingredients F
e Data

m Trigger on high-pr jets. — Fit Method

=

X?/NDF = 48.11/ 37
Ratio Method
X2/NDF =40.37 / 31
.y --gg(2.0Tev)
b ag (4.0 Tev)
®a, -0 (6.0TeV)
.

[y

m Form jets from particle flow candidates
(anti-kr algorithm, R = 0.4).

do/dmjj [pb/TeV]
[

» Choose 2 with highest pr. 10

» Combine subleading jets within
AR < 1.1. 10

Wide PF-jets .,

m; > 153 Tev S,

o
=

ol vl ol ol ol o ol

Inl <25, jAn| < 1.1

m Cuton angular separation:
|7]1 = 772| < 1.1.

m Estimate background with fit or An
sideband.

;ilh_ .R'"i& ﬁhii*/'/'& ]

2 3 4 5 6 7 8
Dijet mass [TeV]

(Data-Prediction)
Uncertainty
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http://cds.cern.ch/record/2637847

High mass dijets: background estimation

Fit method

m Lower my;: fit background with
empirical, smoothly falling function.

m Optimize function choice with

statistical tests.

do po(l — x)P?

= X
d’n’l]‘7 _’L‘p2 +p3 ln(:c) ’ \/g

Sideband method

EXO-17-026

m New for 2017: background shape
from |An| > 1.1 events + MC transfer
factor.

m Fewer degrees of freedom than fit

myj method.

.
. 4
70000 SMS Preliminary_____ 77,8 " 13 Tev) Y
£ e . Dam i 5
= F <2. 1 F
5 60000 n —— Pythia E @05k
[ M, >2438Gev ——RSG - qq
50000F "l
= SR CRaate CRugn 10°¢
40000F 4 .t
3 ] 10°k
30000f B £
5 10%E
20000 B F
3 ‘)Hf: 1 10¢
10000;__,...—-"/ P E
| SIS S R e
0 05 15

David Yu (Brown University)

Lowel
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CMS Hadronic Resonances | May 21, 2019

CMS Preliminar
100 gAY

1k

77.8 b (13 TeV,
i BEaar

 Data SR 1
—Pythia SR -
4 Data CR,,, E|
—Pythia CR
+ Data CR,
—Pythia CR,

iade

- AN AUV SR UV B Wi
2000 3000 4000 5000 6000 7000 8000

Dijet mass [GeV]

8/28


http://cds.cern.ch/record/2637847

High mass dijets: results

CMS Preliminary 77,8 fb™ (13 TeV)
= ® Data |
E — Fit Method 3
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E Ratio Method 3
X2/NDF =40.37/ 31 1
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107 E
E Wide PF-jets 3
107 m; >153Tev ?7%
107 <25, il <11 L ﬁ\%
| 4F -
S E
3|2 % §
S|E O:L 1 =N o e W |
e W NPT
a8 -2t
cle 5
8|5 -a-
53
a 3 4 5 6 7 8
e

Dijet mass [TeV]

EXO-17-026

s CMS Preliminary 77.8 fo* (13 Tev)

B | B B B RS -
————— String
- Excited quark
Axigluon/coloron
— — Scalar diquark
Color-octet scalar (k! = 1)
- W
—
- DM mediator
-~ RS graviton

=10

95% CL limits
—=— gluon-gluon
—=— quark-gluon

—e— quark-quark
[ R IR I U B

105000 3000 4000 5000 6000 7000 8000
Resonance mass [GeV]

m No significant excesses observed; limits set on ¢q, qg, and gg signals.
» Largest excess nearm;; ~ 4TeV, localsig. 1.90 (gq).

m Two highest mass events at 7.9 TeV and 8 TeV.

Detailed limits in backup.

David Yu (Brown University)
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High mass dijets: constraints on Z" model

107

LHCP 2019

95% CL

CMS Preliminary

IIIHI

Z—qd 1

L
1000 2000

M, [GeV]

L
100 200

Ty /My <~100%

CMS Dijet %, 13 TeV
[EXO-16-046]

[p/ My <~30%

CMS Broad Dijet, 13 TeV
[arXiv:1806.00843]

Iy /My <~10%

GMS Dijet, 8 TeV
[arXiv:1604.08907]

GMS Dijet '16+17, 13 TeV.
[EXO-17-026]

UA2

INucl. Phys. B 400, 3 (1993)]

CDF Runt

ATLAS Boosted Dijet, 13 TeV
[arXiv:1801.08769]

ATLAS Dijet+ISR v, 13 TeV
[arXiv:1901.10917]

ATLAS Dijet TLA, 13 TeV.
[arXiv:1804.03496]

ATLAS Dijet, 13 TeV
[arXiv:1703.09127]

CMS Dijet b tagged, 8 TeV
[arXiv:1802.06149]

GMS Dijet Scouting '16, 13 TeV

[arXiv:1806.00843]

GMS Boosted Dijet '16+'17, 13 TeV
[arXiv:1710.00159]

CMS Boosted Dijetsy, 13 TeV.
[EXO-17-027)

g/ My <~5%

CDF Run2
[arXiv:0812.4036]
Z width (all Iy/M,)
[arXiv:1404.3947]

m High mass dijet search spans 1.8 TeV — 8 TeV.
m Trigger-level events ("scouting") extend down to 450 GeV.
m b-tagged triggers extend down to 325 GeV.

David Yu (Brown University)
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CMS f, 13 TeV
[arXiv:1810.05905]

¥ width all /M)
[arXiv:1404.3947]
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High mass dijets: constraints on Z" model

CMS Preliminary LHCP 2019 ., o
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= — T/ Mg <~30% [arXiv:1804.03496]
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4 T [Ex0-17-026] [arXiv:1710.00159]
107 — A —
= - ua2 CMS Boosted Dijets, 13 TeV.
- / . [Ndct. Phys. B 400, 3 (1993)] [EXO-17-027)
C v = CDF Runt I My < 5%
- - 2/ My <~5%
Z'—qq >
F Run2 cms f, 13 Tev
L L L [arXiv:0812.4036] [arXiv:1810.05905]
810 20 30 100 200 1000 2000 Z width (all T, /M) ¥ width @l T/M,)
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m High mass dijet search spans 1.8 TeV — 8 TeV.
m Trigger-level events ("scouting") extends down to 450 GeV.
m b-tagged triggers extend down to 325 GeV.

How do we probe resonances below 325 GeV?
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Low mass dijets



Triggering on dijets

m m;j; range for dijet search limited by trigger.
m Solution: require significant ISR; resonance boosted into a single jet.
m Trigger on AK8 jets with large mass and pr.
m Efficient for pr > 525 GeV (AK8), 575 GeV (CA15).
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&= AK8
—&- CA15
- (‘)‘ = ‘1(‘)0‘ - ‘2(‘)0‘ - ‘3(‘)0‘ - ‘4(‘)0‘ - ‘5(‘)0‘
Jet mg, (GeV)
(b) AK8 trigger eff.
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https://arxiv.org/abs/1806.00843
https://arxiv.org/abs/1806.00843

NEW' EX0-18-012
/ .
o2 Z'+ISR jet

m Significantinitial state radiation can
overcome trigger limitation.
m Boosted dijet system (pr > 525 GeV)

reconstructed as a single wide jet
(anti-kr, R = 0.8 or CA, R = 1.5).

m Signal jets have 2-pronged
substructure.

1 1SR jet

1 wide-jet

m Scan jet mass distribution for bumps
BIWUITeY) (coarse pr categories from

o lp———— |
[=2) L ]
o f coms ] 525 GeV — 1500 GeV).
c [T 95% CL upper limits ]
= —— Obx d
g 04r T Expeciod - i
© 0.3F  mm:1std deviation 7
o + 2 std. deviation -
0.2 :
m Add wider jets (CA15) to
0.1 4 epe o
F uR2 13 /\ extend sensitivity to
L CDF Run 1 [18] 1
r CDF Run 2 [19] | p—
r . ] my = 450 GeV.
0.04| kbt
L — CMS 13 TeV, 12.9 fb™ [35] i
003 ~ = Z width (med\ren) 721 el
L R | L L L R |
0.02 50 100 200 300 1000

Z' mass (GeV)
m 2016 analysis (1710.00159): 2.9 (global)/2.20

(local) excess at 115 GeV.
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https://arxiv.org/abs/1710.00159

EXO-18-012

Z'+ISR jet: method

CMS Simulation Preliminary

m Substructure algorithms distinguish
2-pronged signal from QCD background:

» pileup-per-particle identification (PUPPI), s
» soft drop jet mass,
» energy correlation functions (NQI’DDT). o0s

4

-3 2 2 \2)
p=In(nf Jp?)

Background estimation

R jwtbj@ev‘)t‘\;f‘ew 41.1 1" (2017) (13 TeV)

m QCD background from events 3 fews T Tom o } T TR e
AR 2 50 — Total SMpred. - Z(qa)sjets 2 —TotalSMpred. ---Z(qajets |
failing decorrelated tagger. ] W — gt aaen| ™ e o]

9 o W Z(), 9,=1/8, m,=110 GeV (xB) @ 700 WZ(00), 9,116, m,=210 GeV (3) €

P, 575625 GeV. o000 P, 625700 GeV—|

m Shape modulated by
data-vs-MC polynomial
"transfer factor."

m Calibration in situ using W /Z

o .
£l 10 .. 5,'4. -
peak. 54:— She ] §;nn?;.,ﬁ. ey
J E S o020 280 a0 8l o5t s0 w00 doo w0
my, (GeV) my, (GeV)
(a) AK8 (b) CA15

See substructure talks from C. Pollard, Z. Kang, D. Miller.
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https://arxiv.org/abs/1407.6013
https://arxiv.org/abs/1402.2657
https://arxiv.org/abs/1609.07483
https://indico.cern.ch/event/687651/contributions/3400702/
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David Yu (Brown University)

Z'+ISR jet: results

coupling, g,

35.91b" (13 Tev)
o 1 T
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95% CL upper limits 1
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045 e pected
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+ 2 std. deviatjon
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(b) 2017
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EX0O-18-012
m Limitssetono(pp — Z' — ¢q), g4, and
MpM VS Mimed-

m No excess atmy = 115GeVin 2017
data.

m With CA15 jets, extend coverage to
50 GeV — 450 GeV.

13 TeV
o Ar
o L CMS — Observed
0.6 L B9 Expected £ 15d.
05+ B Expectea 1250, |
0.4 anti-k,, R=0.8 iCAR=15
03" 359! (2016) +41.1 b (2017) ; 41.1 o (2017)
0.2

6b 7b 8|O ‘160 260 360 460
Z'mg (GeV)
2016+2017
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CMS Preliminary LHCP 2019 ., o,

_ o T
o - . o My <100% ATLAS Boosted Dijet, 13 TeV
- =R [arXiv:16801.08768]
1= OMS Difet , 13 TeV. ATLAS DijetsISR 1, 13 TeV
E--- [EXO-16.046] [arXiv:1901.10917]
C g/ My <~ ATLAS Diet TLA, 13 TeV
= Lo/ My enatih [arXiv:1804.03496]
- S Broad Dijet, 13 TeV' ATLAS Difet, 13 Tev
e = [arXiv:1806.00843] [arXiv:1703.09127]
— 7 " J 0% CMS Dijet b tagged, 8 TeV
Cg/Mp<10% [arXiv:1802.06149]
= = WS Diet, 8 TeV S Dijt Scouting 16, 13 TeV/
[arXiv:1604.08907) [arXiv:1806.00845]
OMS Dijet 16+'17, 13 TeV OMS Boosted Dijet '16+'17, 13 TeV
10 [EX0-17.026] T [arXiv:1710.00159]
= ] us2 OMS Boosted Dijetey, 13 TeV
— — [Nucl. Phys. B 400, 3 (1993)] [EXO-17-027]
= ] COF Runt /My <~5%
- — — ; 2/ My
Z'—qq e
un oM t, 13 Tev
I L ) [arXiv:0812.4036] [arXiv:1810.05905]
810 20 30 100 200 1000 2000 Z width (all 1,M,) ¥ width (all 1,/M)
M, [GeV] (anxiv:1404.9947) JarXiv:1404.547)

Dijet+ISR jet probes down to mp = 50 GeV.
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107

CMS Preliminary

LHCP 2019

95% CL

<«

\

Z'—qq

N
810 20 30

Dijet+ISR jet probes down to mp = 50 GeV.

David Yu (Brown University)

L
100 200

L
1000 2000

M,. [GeV]

[y My <~100%

CMS Diet %, 13 TeV
[EXO-16-046]

Ty /My <~30%

GMS Broad Dijet, 13 TeV/
[arXiv:1806.00843]

Ty /My <~10%

GMS Dijet, 8 TeV
[arXiv:1604.08907]

CMS Dijet '16+17, 13 TeV.
[EXO-17-026]

uA2
[Nucl, Phys. B 400, 3 (1993)]

ATLAS Boosted Diet, 13 TeV/
[arXiv:1801.08769]

ATLAS Dijet+ISR v, 13 TeV
[arXiv:1901.10917]

ATLAS Dijet TLA, 13 TeV.
[arXiv:1804.03496]

ATLAS Diet, 13 TeV
[arXiv:1703.09127]

GMS Dijet b tagged, 8 TeV
[arXiv:1802.06149]

GMS Dijet Scouting '16, 13 TeV
[arXiv:1806.00845]

CMS Boosted Dijet '16+'17, 13 TeV.

[arXiv:1710.00159]

CMS Boosted Dijetsy, 13 TeV'
[EXO-17-027]

CDF Runt ) I/ My <~5%
unt CMS 13 Tev
[arXiv:0812.4036] [arXiv:1810.05905]

Z width (all 1,/M,)
[arXiv:1404.3947]

Can we go even lower?

CMS Hadronic Resonances | May 21, 2019

Y width all T /M)
[arXiv:1404.3947]
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EY Very low mass dijets



" Z/+1SR photon

m Jet triggers limited to pr = 500 GeV,
hence m;; 2 50 GeV.

m Even lower resonance masses: use
photon triggers.

» 2016: p] > 175GeV.

m Require photon with pr > 200 GeV
and || < 2.1.

m Otherwise, analysis is very similar to
Z'+ISR jet.

> N21,DDT

David Yu (Brown University)

set to 10% background efficiency.

EXO-17-027

q q
Z/
q
q
x10° 35.9 b’ (13 Tev)
> _F .
e CMS Preliminary
(O = —— Data
I s Total Background
1) EWM e Non-resonant Backgrounds
c 5 [ Resonant Backgrounds
2 EL e Zygcey — 60,0, =16
woa “Zzssv‘qqg =16
E Zspcey — 4.0 =116
3 l:l Total Eackground Uncertainty
2E
1=
o obwTiiis .
(I g3 : il
[ - 5 7 M 2 SR RS VI A8 S S S #;#*4*“
gb,zr RS ANNIE 2 & A AN S S 3 5 al CY# |
= 20 40 60 80 100 120 140 160 180 200

CMS Hadronic Resonances | May 21, 2019

AK8 Jet Soft Drop Mass (GeV/c’)
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http://cds.cern.ch/record/2667276

EXO-17-027

Z'+ISR photon: results

13 TeV
o A
Fe)) CMS Preliminary
95% CL upper limits
1f weeee Expected Limit
I Expected + 1o /
Expected + 20 /

*+ CDF:Run 2
—e— Observed "

—— - Indirect Constraint: Z ~ **"*' CMS ISR Jet: Run 2 /
Indirect Constraint: Y === ATLASISRJet&y:Run2

10"

Z' mass (GeV)

m Probe Z/ masses down to my = 10 GeV!
m No significant excesses; limits set from 10 GeV — 125 GeV.
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Z" summary

CMS Preliminary LHCP 2019 400
.o T T T
[=)] - My <~100% _ .. ATLAS Boosted Dijet, 13 TeV
e [arXiv:1801.08769]
v Digt . 13 Tev L ATLAS DjetsisR Y, 13Tev
[EXO-16-046] [arXiv:1901.10917]
- ATLAS Dl T 13 Tev
OMS BroadDiet 13Tev _ __ | ATLAS Die, 13 Tev
[arXiv:1806.00843] [arXiv:1703.09127)
- CMS Dijet b tagged, 8 TeV
/M, <~10% —
—— [arXiv:1802.06149]
CMS Dijet, 8 TeV CMS Dijet Scouting '16, 13 TeV'
[arXiv:1604.08907] [arXiv:1806.00843]
oS Die 16v17, 13 Tev VS Boosted Die 16v17, 13 Tev
104 [x0-17.026] o 7100156]
.. CMS Boosted Dijet+y, 13 TeV.
[Nucl. Phys. B 400, 3 (1993)] [EXO-17-027]
V= CoF rumt T
Z'-qq >
_ ... CDFRun2 CMS , 13 Tev
L 1 L [arXiv:0812.4036] [arXiv:1810.05905]
810 20 30 100 200 1000 2000 Z width (all T ,/M,) ¥ width (all T /M)
M,. [GeV] arXiv:1404.3947] [arXiv:1404.3947]

CMS dijet limits span 10 GeV — 8000 GeV.

Note: I/ / M z: cutoffs are model dependent.
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Pl Beyond dijets



Beyond dijets

-O’D- T T 2 1 7777777777777
1= -3
Trigger +5 —_» Vs
107 = —
- Z'—qg _
8 1‘0 20 30 160 10‘00 2000
M, [GeV]

Where do we go from here?
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Beyond dijets

Future luminosity gains will be slow: g%t ~ L1/

David Yu (Brown University)

CMS Preliminary
T

LHCP 2019

L
400 1000

2000 3000

M, [GeV]

95% CL exclusions
8
N

2N Observed
N

..... Expected

Dilet scouting [arXiv:1806.00843]
35917 13 Tev

Dijet 16 [arXiv:1806.00843]
359", 13 Tev

Dijet '16+17 [EXO-17-026]
77.8 1%, 13 Tev

How about flavor tagging?

CMS Hadronic Resonances | May 21, 2019
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Flavor-tagged resonances

m Boosted scalar to bb, using Z’(gq)+ISR techniques +

dedicated double b-tagging.
» Inspired by boosted H — bb.

m 50GeV < ma < 2my.

35.9 b (13 Tev)
s

g g prTTTTTT

14 CM + Daa

o 10°F iByl<10 9o mue ]
10' F ! b(ég - Z/4.0TeV, 19 width (1 pb)

—  2f
E 0 — = mL,er‘T
oF
-4t | il -
2000 4000 6000
mg [GeV]

David Yu (Brown University)
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1810.11822, 1810.05905

T-axis1
T-axis2

double-b

m tfresonance search in 0-, 1-, and 2-¢ final states.
m 0.5TeV <mx < 7TeV.
m See plenary by J. Ngadiuba for details.
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Conclusion

m CMS searches for hadronic resonances cover a wide mass range,
10 GeV — 8000 GeV.

CMS_Preliminary LHCP 2019 g45ct en

N W}Lj// m ﬁ/

810 20 30 100200 1000 2000
M, [GeV]

T T T
Lol

S

a

m Many techniques developed to span
two orders of magnitude of m;:
» Dijet bump hunting. m Look forward to the full
> Trigger-level analysis (scouting). Run 2 analyses!
» Boosted production with substructure.
» Bottom- and top-tagging.
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Coupling conversion Back

m Cross section for narrow s-channel resonance R [1110.5302]:

16mNT?
5(\/;) =7z 27”2\[ i 2 12
(3 —m%)? +mypl'y
1dL r
o(1+2— R) =~ 16m*N x BR(R — 1+ 2) x [} .
sdr r=m2/)s MR
where:
m gf] =resonance mass/width,

N M . . .
N = Nslsji,‘s ccl)é = spin and color multiplicity factor,

m /s = collision energy,
[14f] _ m2,/s = Parton luminosity factor,
m ((8—mi)2+mil%)" ' a mor—0(8 — m#), from narrow width
approximation.
= For Z’ model,
o(R) x g7.
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https://arxiv.org/pdf/1110.5302.pdf

T /Z width constraint

m From 1404.3947, constraint on (my, g,) space from hadronic Z width
(Z' modifies Zqq vertex).

ATR 2g,czcwsw (2Vy + 3Vy)
rhad " 3g(1 —m3,/m%)(2V2 + 3V? + 5/16)

where V,, g = +1/4 — (3 4+ 1)s%, /6.
m Similarly, ARy = B(YT — Z™/v* — jj)/B(Y — pp) < 2.1 gives Y
indirect constraint.
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Wide Jet 0:
pt=3.5TeV
Mass = 1.8 TeV

AK4 Jet 2,

pt =168 TeV
eta=0.21

phi = 2.45

AK4 Jet 1,

pt=1.99 TeV
eta=0.29

phi =-1.27

CMS Experiment at LHC, CERN

Data recorded: Sat Oct 28 12:41:12 2017 EEST

Run/Event: 305814 / 971086788

Lumi section: 610
Dijet Mass: 8 TeV

AK4 Jet 0,
pt=2.16 TeV
eta=0.27

phi = 1.47

AK4 Jet 3,
pt = 1.40 TeV
eta =-0.74
phi=-1.17

Wide Jet 1:
pt=3.4TeV
Mass = 1.8 TeV

Dijet event with the largest
invariant mass in 2017



High mass dijets: limits

CMS Preliminary 77.8 10" (13 Tev)

95% CL limits
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m Limitson:

Back

» quark-quark (Z'),

» quark-gluon (¢*),

» gluon-gluon (color octet
scalar),

» mixed (RS graviton).
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High mass dijets: significances

CMS Preliminary 77.8 6 (13 TeV) CMS Preliminary 77.8 b (13 Tev) CMS Preliminary 77.8 0 (13 TeV)
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(a) quark-quark (b) quark-gluon (c) gluon-gluon

David Yu (Brown University) CMS Hadronic Resonances | May 21, 2019 34/28



Dijet x: angular analysis

35.9 b (13 Tev)
T T

3 0. T T
x f —+— paa CMS
s = ‘s NLO QCD + EW A
S
-8 r —me A (C) =14 TeV 7
g o o A, (€ =14Tev n
g : M, (Mg =10)=5Tev :
0.08 36< M <42Tev
0.06—
T T T T T T ]
Z 12f E
+ L 3
ga BHEEE |
a8 T o —_—
O o8 -
Z P N N SN SN BN e B
2 46 § 10 12 14 16

dijet

m dN /dy ~constant for QCD background; signal
peaks at low .

David Yu (Brown University)
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1803.08030

m Forwide or non-resonant
dijets, look in angular
distributions.

oAy . 1+ cosf*

X=¢ 1 — cosf*

35.9 b (13 TeV) ]

of 1AFTTTTTTTT T T

I Expected = 1 s.d.

08 Expected = 2 s.d.
0.6
0.4]
0.2 Vector/Axial-Vector Mediator
Moy =1GeV, g =1.0
o ! ! ! ! ! ! !
2 25 3 35 4 4.5 5 55 6
Myea [TEV]
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Energy correlation functions

m Energy correlation functions: for n s jet constituents with energy fractions z;,

1 65 = Z ZiZj AR?;

1<i<j<ny

2e§ = Z 23 Zj z,,min {AR;BJ.AR?,C,

1<i<j<k<ng

AR} AR], AR AR,

2-pronged tagger: NY = ¢ /(1¢5)2.
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Z'+jet: AK8 distributions

4111 (2017) (13 Tev)
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Z'+jet: CA15 distributions
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Z'+photon: calibration

35.9 fb (13 TeV)
R

1
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m Calibrate jet mass scale, mass resolution, and IV, efficiency using

W bosons from semileptonic tt.
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1709.05543

Boosted H — bb analysis ok

m Search for H — bb with pr > 450 GeV.
» Dataset: 35.9fb™1, /s = 13 TeV.

m Same analysis technique as boosted ®/A — bb.
m Simultaneously constrain Z — bb.

35.9 b (13 TeV)
16

=N :g;

25 ::; H Hnoprcorr. Z
= Observed signal strength 2.3°1% 32122 0.78+9%%
g A . . .
z] Expected UL signal strength < 3.3 <4.1 -
~ Observed UL signal strength < 5.8 <7.2 -

15 ! Expected significance 0.70 0.50 5.80

Observed significance 1.50 1.60 5.1c
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CMS-PAS-EX0-17-024

Scalar limits Back
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CMS-PAS-EX0-17-024

Pseudoscalar limits Back
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Scalar mediator model

m Scalar/pseudoscalar mediator: assume
minimal flavor violation to avoid FCNCs.

9

m = couplings proportional to SM Higgs
Yukawas, g¢yy. Preferential coupling to
third generation fermions.

m For simplicity, take uniform scaling

constant, gr = gqo/4-

Branching fraction
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7" — tt

m Combined search for tf resonances in
0, 1, and 2 lepton final states.

m Top tagging: algorithms identify top
quarks from QCD background
(resolved and boosted).

o, xB(g

o~ 1D [ob]

o

35.9 fb (13 TeV)

CMS Expected 95% CL limits
1
rrrrrr Dilepton
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1 - Hadronic
= Combination

107
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