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Introduction

® search for Higgs portal DM in VBF

» mpm < mp/2 — invisible Higgs decays, e.g. CMS — 1809.05937,
ATLAS - 1809.06682
» mpm > myp/2 — via off-shell Higgs, e.g. Ruhrdorfer et al. — 1910.04170
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Introduction

® search for Higgs portal DM in VBF

» mpm < mp/2 — invisible Higgs decays, e.g. CMS — 1809.05937,

ATLAS - 1809.06682

e.g. Ruhrdorfer et al. — 1910.04170

» mpm > myp/2 — via off-shell Higgs,

® here: also consider resonance region mpm =~ my, /2
motivation: can satisfy relic density and direct detection constraints

= need to include running width in Higgs propagator
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Introduction

® search for Higgs portal DM in VBF

» mpm < mp/2 — invisible Higgs decays, e.g. CMS — 1809.05937,

ATLAS - 1809.06682

» mpm > myp/2 — via off-shell Higgs, e.g. Ruhrdorfer et al. — 1910.04170

® here: also consider resonance region mpy =~ my, /2

motivation: can satisfy relic density and direct detection constraints

= need to include running width in Higgs propagator

e Qutline:
» current LHC constraints: 13 TeV, 35.9fb! —

» limits for HL- (14 TeV, 3ab~!) and HE-LHC (27 TeV, 15ab™1),
— MC based on CMS projections

reinterpretation of CMS search

including systematics
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Scalar Singlet Higgs Portal Dark Matter

® SM + real singlet scalar S + Z; = simple DM model

1 1 1 1 .
L= £SM + 58M88“S — §mk29,05'2 — 5)\584 — é)\HPSZQqu)
° If mg < “k: invisible Higgs decays

2 2 2
_ Aapv Mg
inv —

32mmy, m32
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Scalar Singlet Higgs Portal Dark Matter

® SM + real singlet scalar S + 22 —> simple DM model

L=Lsu+ 8585

my .
L Ifm5< 5

invisible Higgs decays

SOS2 - f)\SS — —)\H S2oT o

Scalar Higgs Portal

<" PLANCK

XENON1T/DarkSide Excluded

<" . DARWIN

)‘HPU TTL% 0.100
Finv —4 P
32mmy, my,
£0.010_
® mass range favored by global fits / motivated by relic ~
density and DM direct detection constraints: 0.001
» high masses: mg = 1TeV — too heavy for DD
107
1
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Scalar Singlet Higgs Portal Dark Matter

® SM + real singlet scalar S + 22 —> simple DM model

L= Lou+ a SoMS — 5052—455 ——)\H S20T

Scalar Higgs Portal

° If mg < “k: invisible Higgs decays

XENON1T/DarkSide Excluded

2
T . )‘HPU 4TTLS 0.100
inv - P
32mmy, my,
8 0.010[ y

® mass range favored by global fits / motivated by relic

density and DM direct detection constraints: 0001 " oarwin
» high masses: mg = 1TeV — too heavy for DD "'“?_: " Bufiex
> close to h resonance: mg ~ % — small Ayp v
1 5 10 50 100 500 1000
mg[GeV]

[Arcadi et al. — 1903.03616]
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LHC Limits at 13 TeV

® based on CMS - 1809.05937
® search for invisible h decays in VBF: pp — h+jj, h — inv
° /s=13TeV, £L=359fb!
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LHC Limits at 13 TeV

based on CMS — 1809.05937

search for invisible i decays in VBF: pp — h+jj, h — inv

o /5=13TeV, £ =359fb!
* cuts: > 80 GeV, PP > 40 GeV, In;| < 4.7,
Mjx Njz < 0, | Anjs| > 4.0, |Adj; < 1.5,
ij > 1.3TeV, ET > 250 GeV,
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LHC Limits at 13 TeV

based on CMS - 1809.05937

search for invisible i decays in VBF: pp — h+jj, h — inv

o /5=13TeV, £ =359fb!
° cuts: Py > 80 GeV, PP > 40 GeV, In;| < 4.7,
i+ M < 0, |Anj;| > 4.0, |Adj;| < 1.5,
M;; > 1.3TeV, Fr > 250 GeV,
* shape analysis:  Mj; > 200 GeV, |An;;| > 1.0
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LHC Limits at 13 TeV

® based on CMS — 1809.05937
® search for invisible h decays in VBF: pp — h+jj, h — inv
V5 =13TeV, L =35.9fb!

* cuts: > 80 GeV, PP > 40 GeV, In;| < 4.7,
i+ Mo <0, |Anj;| > 4.0, |Agj;| < 1.5,
ij > 1.3TeV, ET > 250 GeV,
® shape analysis: M;; > 200 GeV, |An;;| > 1.0

95 % CL limits on B(h — inv):
Bin < 58% (cut-and-count) Bin < 33% (shape)
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Reinterpretation

Oiny = / - Uh (q2)|2 2q Finv<q2> @(q2 — 4m§)
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Reinterpretation

off-shell Higgs
invariant mass

s = [ L 0,(a2) PG 20Tinde?) (g — )
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Reinterpretation

off-shell Higgs
invariant mass

d 2
Oiny = / % an(q%) |P(¢*) 2¢Tinv(q®) O(¢* — 4m3%)

off-shell production
cross-section
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Reinterpretation

off-shell Higgs
invariant mass

d 2
O = [ S an(a®) IP(a)]* 24 Tin(a®) ©(q* — 4m3)

off-shell production
cross-section

Higgs boson propagator
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Reinterpretation

off-shell Higgs
invariant mass

= [ W o () 1P 20T inl?) Ol” 4

off-shell product|on
cross-section

l— invisible decay of off-shell Higgs

Higgs boson propagator
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Reinterpretation

off-shell Higgs
invariant mass

dg? N (
iy = / 5 ah(qQ) |P(q2)|2 2q T‘in\,((f) (—)(q2 — 4mi’)

off-shell production
cross-section

* use limits on ugy = o x B(H — inv) /osy for
additional Higgs boson with mass my

l— invisible decay of off-shell Higgs

Higgs boson propagator

CMS 35.9 fb (13 TeV)
. e

SM

cut-and-count

10F e observed
95% === Median expected
g: [ 68% expected
e cut-and-count:  p23%(my) = ———— [ o oo
H ( 2 2
on(q* =my)

J 2m Iu?_f% (¢?)

1P(¢*)|* 2q Tinv(¢°) > 1

95% CL upper limit on ¢ x B(H- inv)/c
=

10

-1l b be v b b b b b s b
200 300 400 500 600 700 800 900 1000
[CMS - 1809.05937] m,, [GeV]
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Reinterpretation

off-shell Higgs
invariant mass

Tinv —/— on(q ) |P(q2)|2 2q T‘im,(qz) (;)(q2 — 4171%)

off-shell production
cross-section

* use limits on ugy = o x B(H — inv) /osy for

l— invisible decay of off-shell Higgs

Higgs boson propagator
CMs 35.9 b (13 Tev)
T O

SM

cut-and-count

o
additional Higgs boson with mass my T 100 e omene
05 % :é - - Median expected
a: = [ 68% expected
e cut-and-count: 2% (my) = s X1 Dleweeress
on(q>=my) :
dq2 1 E o1
~as o 1P (0?29 Tin(¢%) > 1 5
95% | nv )
2 S5 () 5
® same procedure for shape analysis: °
wn
N . .. .. H M H o o N T T T T T T B
assumptlon' MJ] and |A77J]| dlStI’IbUtIOﬂS Only 10 260 360 460 560 6(‘)0 760 860 960 1000
weakly q2 dependent [CMS ~ 1809.05937] m,, [GeV]
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Higgs Propagator

Resummed propagator:
i
@ —m%+ X(q?) + ie

‘ 2

P(¢)
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Higgs Propagator

Resummed propagator:

12

2 7 1
| ¢* —mf +25(¢?) +ig| 4~ |¢* —mp +imp Lot

close to the resonance:
Breit-Wigner propagator

P(¢)
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Higgs Propagator

Resummed propagator:
2 ) 2 1 2 T
P = = : o (¢ = m3)
2 ; T~ 2 ; T~ P
q*> —mp + 3(¢?) + ie q* —mp +imp Lot mp Lot
close to the resonance:
Breit-Wigner propagator

NWA: Tiot <K mp
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Higgs Propagator

Resummed propagator:

. 2 . 2
2 1 (3 e
‘P(q2)‘ = ~ ~ J <q2 - m2>
5 . 5 P
q2_mR+2(q2) +1€ q@? —mp +imp g mp Lot
close to the resonance:
Breit-Wigner propagator NWA: TI'ior < mp
e fixed-width prescription only works if I';,; ~ const 10-1k Mip = 1 3

in the resonance region

—> fails if large decay channel opens close to
resonance, i.e. for mg 2 "5, Ayp 2 0.1

60 62 64 66 68 70
mg [GGV}
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Higgs Propagator

Resummed propagator:

. 2 . 2
2 i 7 s
‘P(q2)‘ = ~ ~ J <q2 - m2>
2 - 2 - P
q*> —mp + X(g?) + ic q* —mp +imp Lot mp Lot
close to the resonance:
Breit-Wigner propagator NWA: T'tor < mp
° fixed—width prescript_ion only works if 'yt ~ const 101k p =1 3
in the resonance region
—> fails if large decay channel opens close to < 102t
. > mp > — Biny =1
resonance, i.e. for mg = =, A\yp 2 0.1 z = on-shell
~ 2 ~ 6
10—3 L

60 62 64 66 68 70
mg [GGV}
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Higgs Propagator

Resummed propagator:
2 ; 2

2 .
q2 _mP+ZmPFtOt

N mP7TFtot g <q2 B mi)

NWA: Tiot <K mp

7
@ —m%+ X(q?) + ie

close to the resonance:
Breit-Wigner propagator

~

‘ 2

P(¢)

¢ fixed-width prescription only works if I';,; ~ const 101k =1 1
in the resonance region (_]
. . — Tiny > o (mp)

—> fails if large decay channel opens close to 2 402t 2 inphysicall |

. > mp > — Biny =1

resonance, i.e. for mg = =, A\yp 2 0.1 z = on-shell

~ 2 ~ 6
10—3 L

60 62 64 66 68 70
mg [GGV}
5/ 12
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Higgs Propagator

Resummed propagator:

. 2 . 2
2 1 (3 e
‘P(q2)‘ = ~ ~ J <q2 - m2>
2 ; 2 . P
q*> —mp + 3(¢?) + ie @? —mp +imp Lot mp Lot
close to the resonance:
Breit-Wigner propagator NWA: TI'ior < mp
¢ fixed-width prescription only works if I';,; ~ const 10-1k Ap = 1

in the resonance region (_]

Tiny > op (mp)

—> fails if large decay channel opens close to 2 o2k T | = uphysical |
. > mp > — Biny =1
resonance, i.e. for mg = =, A\yp 2 0.1 z = on-shell
~ 2 ~ 6
® use running-width propagator: 1073k
i
2
P(q”) = A
@ —mi+i/¢*ioe(q?) 60 62 64 66 68 70

here: I—‘tot(q2) = F?LM + Finv((]2) mg [GQV}
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Running Width vs. Fixed Width at mg ~ my,/2

Problem: 2¢ T, (¢°) grows rapidly for ¢* slightly above (2mg)?, but fixed-width
propagator does not know about the opening invisible channel

= o
o
£ =
o - 2qurlv(q2) 8 :
& — PP {6 £
= il 51U | L PR

\‘~~‘~~ 2
0.0 S TTTT 0
A L , 4 -2 0 2 4 6 8 10
Recall: oip, = z—ﬂa;,,(q ) IP(q°)]° 2q Tinv(¢%) (q — my) [MeV]
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Running Width vs. Fixed Width at mg ~ my,/2

Problem: 2¢q T (¢®) grows rapidly for ¢? slightly above (2mg)?, but fixed-width
propagator does not know about the opening invisible channel

consider 2¢ Iy, (¢%) | P(¢?)|* just
above resonance (¢* ~ mj3):

N IPr2 >0

large region where T, and

‘\ => off-shell A not properly 14
fixed width: o Y e "
2 S
2 q 1_‘inv(q ) ~
—a (o2 DL g 10
mj, e (mj,) =
2\ 18
o - 2qunv(q )
< — IP@)F o
5 - 2\ |2
~ . 1P 14
Sy
~
\~~‘ 2
0.0 s —o
A, - , -4 -2 0 2 4 6 8 10
Recall: oip, = 2—ﬂ_a;,,(q ) IP(q°)|" 2q Tinv(¢%) (q — my) [MeV]
Eric Madge Probing Higgs-Portal Dark Matter with Vector-Boson Fusion (1912.08472)

[ZAOD] (Zb)A\ugJ b e

6/ 12


http://arxiv.org/abs/1912.08472

Running Width vs. Fixed Width at mg ~ my,/2

Problem: 2q T (¢?) grows rapidly for ¢? slightly above (2mg)?,

consider 2q I'iny(¢*) | P(¢?)]? just

but fixed-width
propagator does not know about the opening invisible channel

' ' . 16
above resonance (¢* ~ mj3): 1.0} LNy N
i . \ :>foff shell h not properly 14
fixed width: ) ™ 08 \‘ suppressed 1
2 q Finv( ) > 1 L_‘: 10
F2 (m ) £ 06f
tot - o 18
) o — 2¢q Finv(q )
running width: T 04} — PP 6
V - 2112
2qTinv(q) 2 & . 1Pr(a*)F 14
212 ~ 2 0.2p b
Ftot( ) q Finv(q ) off-shell h strongly ' \\\~ 2
suppressed NI\ 0000 TS=e=—o ]
0.0~ 0
dg? - ) 4 2 0 2 4 6 8 10
Recall: gy = o an(@®) [P(¢))? 2¢ Tin(¢?) (¢ —myp) [MeV]
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13 TeV Results — Cut and Count

(ms—mn/2) [GeV]
-0.01 0 0.01

T
Cut-and-count analysis

--- obs. on-shell

— obs. running width
—= obs. fixed width

Sceal

[ 4 o
oo Jos
< 10-" Cut-and-count analysis | <
— obs. running width §
== obs. fixed width ] . )
r — exp. running width 1 — &P r‘unnlng: width
| —— oxp. fixed width ) 10_1 | - = exp. fixed width |
10—2 PRI SR S BTSSP SN N S S SN S U ST S SN NS AU S NSNS S B L 1 1 1 1 1
61 62 63 64 65 66 67 62.53 62.54 62.55 62.56
mg [GeV] mg [GeV]
observed (expected) limits:  B(h — inv) < 58 % (30 %) [CMS — 1800.05937]
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13 TeV Results — Cut and Count

(ms—mn/2) [GeV]
-0.01 0 0.01

T
Cut-and-count analysis

E === oObs. on-shell
— obs. running width
—= obs. fixed width

deviations well above resonance
—> no perturbative control

Sceal

[ 4 o
oo Jos
< 10-" Cut-and-count analysis | <
— obs. running width §
== obs. fixed width ] . )
r — exp. running width 1 — &P r‘unnlng: width
| —— oxp. fixed width ) 10_1 | - = exp. fixed width |
10—2 PRI SR S BTSSP SN N S S SN S U ST S SN NS AU S NSNS S B L 1 1 1 1 1
61 62 63 64 65 66 67 62.53 62.54 62.55 62.56
mg [GeV] mg [GeV]
observed (expected) limits:  B(h — inv) < 58 % (30 %) [CMS — 1800.05937]
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13 TeV Results — Cut and Count

(ms—mn/2) [GeV]
-0.01 0 0.01

T
Cut-and-count analysis

--- obs. on-shell

— obs. running width
—= obs. fixed width

deviations well above resonance
—> no perturbative control

Sceal

o i o
oo Jos
< 10-" Cut-and-count analysis | <
— obs. running width §
—=— obs. fixed width ] . .
r — exp. running width 1 — &P ;unx(;ln% lwidth
r -= exp. fixed width 1 10'1 F —= exp. fixed width 1
10—2 RTINS A S SN S S ST AT ST ST ST S T T S S S SO S S ST A (A S S AN A L 1 1 1 1
61 62 63 64 65 66 67 62.53 /62.54 62.55 62.56
mg [GeV] mg [GeV]
fixed width breaks down
observed (expected) [imits: B(h — inv) < 58% (30 %) [CMS - 1809.05937]
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13 TeV Results — Shape Analysis

AHP

107"

Shape analysis

obs. running width
obs. fixed width
exp. running width

exp. fixed width

(mg—mp/2) [GeV]

-0.01

o

0.01

--- obs. on-shell
— obs. running width
—= obs. fixed width

-

AHP

1071 F

S

Shape analysis

— exp. running width

—-= exp. fixed width

1072 b

Eric Madge

64 65 66

mg [GeV]

observed (expected) limits:

62.54

67

n 1 n n 1 n
62.55 62.56

mg [GeV]

B(h — inv) < 33% (25%)
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13 TeV Results — Shape Analysis

AHP

107"

Shape analysis

obs. running width
obs. fixed width
exp. running width

exp. fixed width

only small deviations

(mg—mp/2) [GeV]

-0.01

o

0.01

--- obs. on-shell
— obs. running width
—= obs. fixed width

-

AHP

1071 F

S

Shape analysis

— exp. running width
—-= exp. fixed width

1072 b

Eric Madge

64 65 66

mg [GeV]

observed (expected) limits:

62.54

67

n 1 n n 1 n
62.55 62.56

mg [GeV]

B(h — inv) < 33% (25%)
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13 TeV Results — Shape Analysis

(ms—mn/2) [GeV]
-0.01 0 0.01

Shape analysis

--- obs. on-shell

— obs. running width
—= obs. fixed width

—

only small deviations

[0 L 4 Ay
’E Sh lysi E
ape analysis
107" pe anatyst 1
— obs. running width E
—=— obs. fixed width ] . .
F — exp. running width 1 — &P ;unx(;ln% lwidth
r -= exp. fixed width 1 10'1 o —= exp. fixed width 1
10—2||I||||I||||I||||I||||I||||I||||I|| C . v v v Sy
61 62 63 64 65 66 67 62.53 /52.54 62.55 62.56
mg [GeV] mg [GeV]
smaller couplings = smaller effect
observed (expected) [imits: B(h — inv) <33% (25 %) [CMS - 1809.05937]
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HL- and HE-LHC Projections

e HL-LHC: Vs=14TeV, L =3ab! [CMS-PAS-FTR-18-016]

14 TeV projections for invisible h in VBF by CMS:  B(h — inv) < 3.8%
> higher M;; and lower Er cut: Mj; > 2.5TeV, Ep > 190 GeV

> provides prediction for on-shell Higgs production and background events

» includes systematic uncertainties

= still needed: cross section for off-shell /additional Higgs boson
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HL- and HE-LHC Projections

e HL-LHC: Vs=14TeV, L =3ab! [CMS-PAS-FTR-18-016]
14 TeV projections for invisible h in VBF by CMS:  B(h — inv) < 3.8%
> higher M;; and lower Er cut: Mj; > 2.5TeV, Fr > 190 GeV
> provides prediction for on-shell Higgs production and background events
» includes systematic uncertainties
= still needed: cross section for off-shell /additional Higgs boson
® HE-LHC: /s =27TeV, L=15ab!
> generate signal (on/off-shell) and background events ~ — MC simulation
> determine sensitivity including systematics — extracted from HL-LHC
> optimize M;; cut — M;j; >6TeV
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Systematic Uncertainties

* 95% CL limit:
S

_ = 1.96
VS + B+ (0 B)
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Systematic Uncertainties

* 95% CL limit:
S

_ = 1.96
VS + B+ (0 B)

® model for systematic uncertainties:

2
Sys __ ind
og = \/f/B+ (UB )
scales with 1/L I luminosity independent

e.g. data-driven background
. e.g. transfer factors from control to
determination . .
signal region
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Systematic Uncertainties

¢ 95% CL |imit: HL-LHC 14 TeV
S ggoj\(:'\\ﬂ\s‘sh\a\se\-‘z\\\\\\\\\\\\‘\\\\‘\f
— 1 . 96 s Simulation Preliminary
»

\/S+ B+ (6% B)?

250 o | =300fb"
= L., =1000fb"
20 . 1, =3000fb*

® model for systematic uncertainties:

o = \/f/B—i— |nd>

scales with 1/ L T
. luminosity independent
e.g. data-driven background
e.g. transfer factors from control to

signal region

_—
,\’"'IIII—I’./:/

S

-
o o o
L L

determination

150 200 250 300 350 400
Minimum threshold on ET"* (GeV)

® extract parameters from limits for different L:
f=15 ond =1.3%

® use same parameters for HE-LHC projections
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95% CL upper limit on ¢ x B(H- inv)/c
=
o

[CMS-PAS-FTR-18-016]
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14 and 27 TeV Results

(ms—mp/2) [GeV]
-1 0 1

° at mg = my/2:
HL-LHC: Anp < 0.090
HE-LHC: App < 0.067

o -1
= no visible effect of running = 10
vs. fixed width
o HE-LHC: B(h i) <21% =TV san |
) + B( inv) <2.1% — 277TeV, 15ab~
61 62 63 64 70 80 90 100

mg [GeV]
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Summary

VBF promising channel to search for Higgs portal DM

special attention: Higgs resonance mg ~ my,/2

—> requires running-width propagator!
fixed-width calculation overestimates exclusion reach by 30 % (15 %)
for 13 TeV cut-and-count (shape) analysis

limits on App: mg = 61GeV  my/2 64 GeV

LHC: 0.04 0.3 2.5
HL-LHC: 0.01 0.09 0.8
HE-LHC: 0.009  0.07 0.6

limits on p3 and App are available as supplementary material to [1912.08472]
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Summary

® VBF promising channel to search for Higgs portal DM
* special attention: Higgs resonance mg ~ my,/2
—> requires running-width propagator!

fixed-width calculation overestimates exclusion reach by 30 % (15 %)
for 13 TeV cut-and-count (shape) analysis

limits on App: mg = 61GeV  my/2 64 GeV

LHC: 0.04 0.3 2.5
HL-LHC: 0.01 0.09 0.8
HE-LHC: 0.009  0.07 0.6

limits on p3 and App are available as supplementary material to [1912.08472]

Thank you for your attention!
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Fermion, Vector, and Tensor Dark Matter

Kanemura et al. — 1005.5651

other choices for DM candidate: — Cata, Ibarra - 1404.0432
Endo, Takaesu — 1407.6882

® Majorana fermion x Lyp = ——— ®Td yy

® vector X* Lup = _Awp ofo X1 X, not UV complete!

. . v _ v
® anti-symmetric tensor B* Lup = ——= dT® B* B,,
2 -
(my—my,/2) [GeV] (mx —my,/2) [GeV] (mp—mp/2) [GeV]
-1 0 1 Fermion DM -1 0 1 Vector DM -1 0 1 Tensor DM
1
-2
10 1
T 107!
>
(] ~ & 107 g e
S 10 = « Ed
= = 137TeV, obs. = 13TeV, obs.
= — 14TeV, 3ab~! 102 — 147TeV, 3ab~ !
,%‘ = 13TeV, obs. 102 — 277TeV, 15ab~ " — 27TeV, 15ab~
— 14TeV, 3ab~! -- ¢*< (1 TeV)? - ¢2< (1TeV)?
104 — 27TeV, 15ab~ ! == no g2-cut - no g*-cut
1073
61 62 63 64 80 100 150 200 61 62 63 64 80 100 150 200 61 62 63 64 80 100 150 200
my [GeV] mx [GeV] mp [GeV]
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Running Width Propagator

X ot
Consider R ~ —*——: —my,/2) [GeV
on(m2) o (msomh/ ) [Ge 2)‘1
RX — d7q2 2q FX( 2) E: Aup =1 «-r fixed width :
f 27-(- <q2 _ m}%) ZF%ot( ) 4__ — running width 1
Rt _ [ 2¢'x(¢°) s : ]
' 21 (¢* = mj)? + ¢° T (e?) | : ]
e fixed width: (for mg ~ my,/2) 1' ---------------- J‘J .
° not related to o, (m3) any more <
® running width: 22.4' T es e 27
smooth transition between on- and mg [GeV]

off-shell region
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MC Simulation

¢ tool chain: MadGraph5 — PYTHIA8 — Delphes

¢ simulate VBF h production
(pp = H + 2 jets)
at LO for my = 100 GeV — 1 TeV

e ggF contribution:
rescale to on-shell CMS prediction
(also: NLO/detector effects)
> 13TeV: oMS/gMC =146
> 14TeV:  ofMS/oMC = 1.54 - o for
® background at 27 TeV:
MC simulation of Z/W + 2-3 jets, rescaled based on HL-LHC predictions
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MC Simulation
¢ tool chain: MadGraph5 — PYTHIA8 — Delphes

¢ simulate VBF h production
(pp — H + 2 jets)
at LO for my = 100 GeV — 1 TeV

— T - T
— 13TeV obs. CMS

L == 13TeV obs. 4
— 14TeV, 3ab— ! -4

-~
— -
—-

N
=

o X B(H — inv)/osm

e ggF contribution:
rescale to on-shell CMS prediction
(also: NLO/detector effects)
> 13TeV: oMS/oMC = 1.46 02 g
> 14TeV: oMS/oMC = 154 ¢ aH'SEOLf:C 100 200 500 1000
® background at 27 TeV: i lGeV]
MC simulation of Z/W + 2-3 jets, rescaled based on HL-LHC predictions
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27 TeV Background Predictions

® MC simulation: Z/W + 2 or 3 jets using MLM merging
® rescale background contributions based on 14 TeV CMS predictions

® top + jets included in W + jets rescaling
14 TeV HL-LHC, 3ab~1!

12000 50000
S W — fv (QCD)
10000 | :_1 W - v (EW) 40000
: Z — vv (QCD)
8000 1 7 - o0 (EW)

30000

1
g : Bl top 42
g 6000 T — h (125 GeV) L
= - -- total bg. CMS = 20000
4000 ==== h (125 GeV) CMS
2000 10000
0 0
25 3.0 35 4.0 45 5.0

M;; [TeV]
* optimized M;; cut for m; = 125.09GeV =~ —-
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Eric Madge

27 TeV HE-LHC, 15ab~!

W — fv (QCD)
W o (EW)
Z — vrv (QCD)
B Z - o (EW)
B top
— K (125 GeV)

6 7 8 9 10
M;; [TeV]
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