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Introduction

> As far as we can tell, the 125 GeV Higgs boson is consistent with the SM Higgs
= No hints of BSM in property measurements :(
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Introduction

> As far as we can tell, the 125 GeV Higgs boson is consistent with the SM Higgs
= No hints of BSM in property measurements :(

> It is the biggest discovery at the LHC. So far.

» Opportunity: SM Higgs can be powerful tool for finding BSM physics in general,
and Dark Matter (DM) in particular
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Scope: DM produced in decays of the 125 GeV Higgs boson

In the SM, H — invisible only from

H—Z7Z — vvvw =
B(H — inv) = 0.026 x 0.20° = 0.1%

. . -
Any deviation would indicate BSM physics! SM X

H(125)
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Graviscalars in extra-dimensions models SM X
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Powerful channel for DM searches if mpy < my /2


http://inspirehep.net/record/11770

Overview of search channels for H — invisible

Gluon fusion: 49 pb VBF: 3.8 pb

» Need ISR (= Jet+E%ISS) » Tag using forward jets
to trigger and tag with large An(jj)

» Same final state as » Low background,
mono-jet search S/B ~0.5 (B, = 1)

» Tag using Z — 0f or jets
from V (had)

» Same final state as
V + E1"™ search
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Overview of search channels for H — invisible

Gluon fusion: 49 pb VBF: 3.8 pb
X
o '
H(125) H (125) %
X
> Need ISR (= jet—l—E%iSS) » Tag using forward jets » Tag using Z — U/ or jets
to trigger and tag with large An(j7) from V (had)
» Same final state as » Low background, » Same final state as
mono-jet search S/B ~ 0.5 (B, = 1) V + E7™ search
» Least sensitive signature » Most sensitive signature » Intermediate sensitivity

Many results from Run | and several from Run Il, will focus on recent ones here!



1. Gluon fusion H — invisible (with ISR)
and V(had)H — jj + MET

Two new results from CMS during 2017! 1703.01651 and 1712.02345
= will focus on the last with full 2015+2016 dataset of 35.9 i
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https://arxiv.org/abs/1703.01651
https://arxiv.org/abs/1712.02345

H — invisible with mono-jet and V' + E7"™ searches cMs: 1712.02345

Details about these signatures and searches Mono-jet and V + Ey iss
in talks by Z. Demiraglu and S-C. Hsu!

Common signal region (SR) selections:

X
ET™ > 250 GeV H<I;5§)\/

Leading jet: pp > 100 GeV !

AG(ETS jet) > 0.5 Main backgrounds Z(vv)+jets and
W (lv)+jets (lost £)

v

v

v

Veto on ¢ (incl. 7!), 7, b-jet

v

Measured in control regions (CRs):

V + EF*™ also requires R = 0.8 jet: > 00 for Z
> pr > 250 GeV, |n| < 2.4 > ( for W
> 65 GeV < mje < 105 GeV > ~y-+jets to constrain Z

» Cut on substructure variables via transfer factors determined with MC
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https://arxiv.org/abs/1712.02345

invisible with mono-jet and V' + ET™ searches cMs: 1712.02345

35.9 fb (13 TeV) 35.9 fb (13 TeV)
% 106 T I T T ‘ T T ‘ T T ‘ T T ‘ 17713 % I ‘ T T T ‘ T T T
cMS —— Data —— Data ]
9 . — H(125) - inv. 3 9 — H(125) - inv.
2] . monojet === Axial-vector,m =20 Tev 1) === Axial-vector,m_ =2.0Tev
c 10 I z(vv)-+iets 3 c I z(vv)+ets +
[3] (3]
0 10° [ wiwyHets |.|>J [ wvyHets
I wwwzizz 3 N wwiwzizz ]
I op quark I Top quark
[ 21y, yets 3 [ 21y, yets
[ Jaco
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ET™® spectra in monojet (left) and V + EX"> SRs (bgs from CR-only fit)
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https://arxiv.org/abs/1712.02345

Combining results from mono-jet and V' (jj)H (inv)  cMms: 171202345

-1 .. .
39173 TeV) Expected composition in SR = both
cMs o Obsened analyses sensitive to more than one channel

sM
g
©

--6-- Median expected

-68%expecled MOI’\O—_]et' V + E%ISS
- > 73% ggH > 39% ggH
» 22% VBF » 48% VH

95% CL upper limiton ¢ x B(H - inv.)/g,

Observed exclusion: B(H — inv) > 0.53

(0.40 expected)

Monojet Mono-V Combined

Category  Observed (expected) 68% expected Expected signal composition
72.8% ggH, 21.5% VBE,

Monojet 0.74 (0.57) 040-086 5 30 o’ 880 T 0:6% gzt

38.7% ggH, 7.0% VBE,
mono-V 049 (045) 032064 33 994, WH, 14.6% ZH, 6.7% ggZH
Combined 0.53 (0.40) 0.29-0.58 —
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Combining results from mono-jet and V' (jj)H (inv)  cMms: 171202345

-1 .. .
39173 TeV) Expected composition in SR = both
cMs o Obsened analyses sensitive to more than one channel

sM
g
©
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Lo b b b b ey

--6-- Median expected

-68%expecled MOI’\O—_]et' V + E%ISS
> 73% ggH > 39% ggH
» 22% VBF » 48% VH

Observed exclusion: B(H — inv) > 0.53

95% CL upper limiton ¢ x B(H - inv.)/g,

(0.40 expected)

Monojet Mono-V Combined

Category  Observed (expected) 68% expected Expected signal composition
72.8% ggH, 21.5% VBE,

Monojet 0.74 (0.57) 040-086 5 30 o’ 880 T 0:6% gzt

38.7% ggH, 7.0% VBE,
mono-V 049 (045) 032064 33 994, WH, 14.6% ZH, 6.7% ggZH
Combined 0.53 (0.40) 0.29-0.58 —

(For ATLAS V (had) + Errfwliss, see talk by S. Suchek on Thursday)
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https://arxiv.org/abs/1712.02345

2. ZH — 00 + E¥™

0

New results with 36 fb ' from both

ATLAS (1708.09624) and CMS (1711.00431)
= will use ATLAS result as example
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https://arxiv.org/abs/1708.09624
https://arxiv.org/abs/1711.00431

ZH — 00+ E7T™: overview ATLAS: 1708.09624

Backgrounds: Z — ¢ powerful handle
» Irreducible background from diboson production: I

> Z(e)Z(vv) 60% = rely on MC, 4¢ data stats-limited

» WZ where £ from W is lost 25% = normalize in 3¢ CR

z p

* \\
2" g C(— X
X

» Non-resonant £¢: WW, tt, etc = normalize in ey CR

i Event selection:

E 10 A""LAS' ' j 'E)Z'aéa ' é:iels T

10°E {5=13TeV, 36.1 10" hers .

gookw S > OSSF ¢ pair: py'* > 30(20) GeV,

£ Ime — my| < 15 GeV

> . . .

: > BY™ > 90 GeV, EF™/Hy > 0.6
> A(b(ﬁ%{Er}niSS) > 2.7 (Z, H back-to-back)

g “"‘4‘ » AR({;,0y) < 1.8 (boosted decay)

8 L L L7 i L L il i

[]

° B TR R R R V0 R TR T NB! Use of dilepton trigger gives

ETS [GeV]

miss

access to lower-Ex " region

Background composition after my, cut
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https://arxiv.org/abs/1708.09624

JH — 00+ EmlSS. results ATLAS: 1708.09624

ATLAS « Data Z+jets

_ -1 ®mzz = Non-resonant-l
Vs=13 TeV, 36.1 fb" =Wz == Others

Yy Stat. + Syst.
... DM(m o m =500, 100 GeV)x0.27
me

— ZH(lI+inv) with B(H- inv)=0.3

Events / 10 GeV

o 140 ) l T l? — 1
Q12 L ]
2 &&&l‘\\' T \§
E gzk ‘ Il Il Il Il 1
100 200 300 EmISS [G V(:)IOO
e

2.20 excess in
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https://arxiv.org/abs/1708.09624

ZH — 00+ E7™: results ATLAS: 1708.09624

ATLAS « Data Z+jets

_ -1 ®mzz = Non-resonant-l
Vs=13 TeV, 36.1fb =Wz == Others
Stat. + Syst.
... DM(m o m =500, 100 GeV)x0.27.
me

— ZH(lI+inv) with B(H- inv)=0.3

Events / 10 GeV

%ﬁ 1.4 ‘ l 1 T 1
1.2 L4 ]
g s S5 ) ) )\ \ |
E 22 \ I I I + I L 1
100 200 300 _ 1000
EP™ [Ge

< 1o deviation in ee
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https://arxiv.org/abs/1708.09624

ZH — 00 + E¥™: results

T

E ATLAS * Data Ztjets
_ -1 ®mzz = Non-resonant-l
2 Vs=13 TeV, 36.1fb =Wz = Others
10 eet+up v Stat. + Syst.
%) ....DM(m_, m =500, 100 GeV)x0.27
"E 102 med X
g — ZH(ll+inv) with B(H- inv)=0.3
L
33 1-4F ‘ T
T S e
1] 1%@’/_&!‘7 ey .r.r',"“’r.r,r;,;;,;;;;;;;;%?2’52’52’55’5%2’53‘/t;,/t;/?%/t iz
c 7z
g 0.8£
W oe
100 200 300 miss 000
E; [GeV]

1.50 excess for ee + uu

See dedicated talk by C. Anelli on Thursday!

ATLAS: 1708.09624

_ BT e e B
O £ ATLAS ]
e = a
9o F Vs =13TeV, 36.1fb™
= r ee+jp ]
2 L i
<
5 L i
-
10t E
L o e ]
[ —— Observed \
----- Expected Median
10? F [ Expected + 10 =
g | E‘xpected ‘i 20 | ‘ 7
02 03 04 05 06 0.7
B(H - inv)
Obs. By_iny Limit  Exp. By_ipy Limit £10 + 20
21 +49
ee 59% (51 tli f24) %
20 +46
M 97% (48 13 ) %
17 +38
ee + pu 67% (3911 1) %
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https://arxiv.org/abs/1708.09624

ZH — 00+ ET™: results ATLAS: 1708.09624

ZH — 00+ EY™: results from CMS - two strategies CMS: 1711.00431
> o
O . ) ) o o L]
S ET' shape: signal, bgs and data SR yields Multivariate discriminant ]
- 35.9 fb™ (13 TeV) -
Yo} ~ T _]
% Proces§ ee + up g 600 | CMS ; Data | 7
> qqZH(inv.) 158.6 = 5.4 3 Wz 1 -
w my = 125GeV, B(H — inv.) = 1 : ’ 2 ee+iu Other bkg. i E
ggZH(inv) $ a0 v i .. ]
my = 125GeV, B(H — inv.) = 1 427549 - \ —2Ha2s) : ]
DM, vector mediator N\ Bkg. une. R \
Mmeq = 500 GeV, mpy = 150 GeV 988439 1
DM, axial-vector mediator 200 = 1 —|
Mmea = 500GeV, mpy = 150 GeV 655426 I 1 . 3
3 ZZ 3798 £9.4
- Wz 1625+ 6.8
‘2 Nonresonant bkg. 75+ 15 & inv)
9 Drell-Yan 72+29 %
o Other bkg. 26402 E osk 20
Total bkg. 692 + 35 03 5 55 08
Data 698 BDT classifier —
= B(H — inv) < 0.45 (0.44) = B(H — inv) < 0.40 (0.42)

o€c dedicdtied talk Dy C. ATICIIT O T'rarsddy?’ 16/31
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3. VBF H — invisible

o
H(25) T~

New result from CMS for Moriond! HIG-17-023
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html

VBF H — invisible: overview CMS: HIG-17-023

Two simultaneous approaches:

» Cut-and-count analysis: robust, model-independent
strategy, selection tightened wrt Run | X
> N.eW!. S.hap_e—fit analy:sis inm;; d_istributio.n: exploit H(_12_5)O< Y
discrimination potential due to difference in shape for

signal and backgrounds
Selection:

» Jets: (sub)leading pr > 80 (40) GeV, |n| < 4.7
> BN 5 950 GeV

piiss > AG(ER™SS jet) > 0.5, Ad(j,5) < 1.5
T a
/'I » Veto £, v, b-jets

1

! Cut and count | Shape fit

HA} j my; > 1300 GeV | m;; > 200 GeV
An(j,§) > 4.0 | Anjj) > 1.0
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html

VBF H — invisible: backgrounds CMS: HIG-17-023

Main backgrounds (95%): Z(vv)+jets and W (£v)+jets where £ is lost
(Mainly QCD processes , EW 2% at m;; = 200 GeV — 20-50% at high m,;)

35.9 b (13 TeV) miss
> ‘ T ‘ T ‘ T pT l‘
v 10°F 3 ]
9 CMS + Data I,
* 102 Preliminary Post-fit Z(ee)+jets 3 1
i)
S Dielectron CR Pre-fitZ(ee)+jets
Lﬁ 10¢ I postit z(ee)+jets Ew) J{ ]» J

l:l Other backgrounds

Strategy:

» Constrain using Z(¢¢) and W (¢v) samples in CR,
transfer to SR via known B and A X ¢
(e triggers used for e CRs)

| » W/Z ratio from MC used with higher-stats W CRs to
E constrain Z+jets SR yields
o
g > Cut-based: ngvli X ftransfer = nil}p.
§ Shape-fit: normalization from comb. fit in all CRs
- 1000 2000 3000 4000 5000 .
m, [GeV] (QCD ~ 1% with A¢(ET ™, jet) cut, CR by inverting)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html

VBF H — invisible: results shape-fit analysis

Backgrounds fit in CRs only

35.9 fb™ (13 TeV)

\
4 o

.
o

% 10° T

Q' cmMs

215 Preliminary DW(NW‘S(QCW
S CR-only fit

o v

qH(125) - inv.

. Z(vv)+jets (QCD)
e
. Top quark

D Other backgrounds

— — ggH(125) -inv.

on U

(Data-Pred.) Data / Pred.
Unc.

1000 2000

3000

4000 5000

m; [GeV]

CMS: HIG-17-023

Background-only fit, in CRs+SR
35.9 b (13 TeV)

> 10° T T T T T T T
[}
o 104 CMS + Data . Z(vv)+jets (QCD)
@ Preliminary [ |worsseeo [l avomesen
= 10°
B-only fit W(w)ets EW) Top quark

(] jets (EW) Pt
g . | |
LIJ . Dibosons I:‘ Other backgrounds

10

----- qgH(125) - inv. — — ggH(125) - inv.

10
10™
107
L ‘ L
5 T T T
E 15 < Pre-fit LFusl-m Un‘cenamly ‘ ‘
o i o e b 1
= 2
S & ;
]
9\ 0.5 | | | | | | | | |
5 v 5 T ‘ T ‘ T ‘ T ‘ T
9]
i‘-"‘; £ 0 e ™
g 2 \ \ \ \
1000 2000 3000 4000 5000

m; [GeV]
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html

VBF H — invisible: results cut-and-count analysis

35.9 fb™ (13 Tev)

CMS
Preliminary

Cut-and-count

—— Data

[ zvv)+iets (QcD)
[0 wv)ets (QCD)
[ z(vv)+jets (EW)

W (v)+jets (EW)
I Dibosons

I Top quark

[ other backgrounds
CR-only fit uncertainty
N2 CRs+SR b-only fit
qgH(125) ~ inv.
------ ggH(125) - inv.

0
1400 1600 1800 2000 2200 2400 2600 2800 3000
m; [GeV]

CMS: HIG-17-023

35.9 b (13 TeV)

CMS
Preliminary

Cut-and-count

—— Data

[ Z(vv)+jets (QCD)
[0 Wv+ets (Qcp)
[ z(vv)+jets (EW)

I W(v)ets EW)

[ Dibosons

I Top quark

[ other backgrounds
—+— CR-only fit uncertainty

) CRs+SR b-only fit
qaH(125) — inv.
------ ggH(125) — inv.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html
https://arxiv.org/abs/1508.07869

VBF H — invisible: results cut-and-count analysis

CMS: HIG-17-023

35.9 fb (13 TeV) 35.9 fb™ (13 Tev)

R B T B LI B I a2 S 0w [T T

‘© 900 —o— Data E ‘© 400 —— Data =

CMS. [ zv)+jets (QCD) ] L CMs. [ zov)siets (QCD) ]

(11 sooF- Preliminary [ Wibsjets (QCD) 3 (1] g50f. Preliminary [0 Wivsjets (QCD) E

Cut-and-count [ z(vv)+iets (EW) ] [ Cut-and-count I Z0vv)+jets (EW) 1

700 W (v)+ets (EW) i r I (v)+jets (EW) ]

[ Dibosons il 300 [ Dibosons -

I Top quark ] r I Top quark ]

600 [ Other backgrounds E 2500 [ other backgrounds B

CR-only fit uncertainty r _+_ CR-only fit uncertainty 4

500 XXX CRs+SR b-only fit - F —+— 2 CRs+SR b-only fit 1

qqH(125) — inv. ] 200 m qgH(125) — inv. -
Analysis Observed limit | Expected limit +1s.d. +2s.d. Signal composition
Shape 0.28 0.21 [0.15-0.29] | [0.11-0.39] | 52% qqH, 48% ggH
Cut-and-count 0.53 0.27 [0.20-0.38] | [0.15-0.51] | 81% qqH, 19% ggH

100

0
1400 1600 1800 2000 2200 2400 2600 2800 3000
m; [GeV]

 ——
0

4

4.5 5

5.5 6 6.5

An
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VBF H — invisible: results cut-and-count analysis CMS: HIG-17-023

35.9 fb (13 TeV) 35.9 fb™ (13 Tev)

B B B 0w [T T

‘© 900 —o— Data E ‘© 400 —— Data =

CMS. [ zv)+jets (QCD) ] L CMs. [ zov)siets (QCD) ]

(11 sooF- Preliminary [ Wibsjets (QCD) 3 (1] g50f. Preliminary [0 Wivsjets (QCD) E

Cut-and-count [ z(vv)+iets (EW) ] [ Cut-and-count I Z0vv)+jets (EW) 1

700 W (v)+ets (EW) i r I (v)+jets (EW) ]

[ Dibosons il 300 [ Dibosons -

I Top quark ] r I Top quark ]

600 [ Other backgrounds E 2500 [ other backgrounds B

CR-only fit uncertainty r _+_ CR-only fit uncertainty 4

500 XXX CRs+SR b-only fit - F —+— 2 CRs+SR b-only fit 1

qqH(125) — inv. ] 200 m qgH(125) — inv. -
Analysis Observed limit | Expected limit +1s.d. +2s.d. Signal composition
Shape 0.28 0.21 [0.15-0.29] | [0.11-0.39] | 52% qqH, 48% ggH
Cut-and-count 0.53 0.27 [0.20-0.38] | [0.15-0.51] | 81% qqH, 19% ggH

0 0
1400 1600 1800 2000 2200 2400 2600 2800 3000 4 4.5 5 55 6 6.5
m; [GeV] Aﬂjj

Uncertainties: theory V-+jets (EW 48%, QCD 23%), exp. E* trigger (18%), T veto (13%), 1 id (8%)
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VBF H — invisible: results cut-and-count analysis CMS: HIG-17-023

35.9 fb (13 TeV) 35.9 fb™ (13 Tev)
R B T B LI B I a2 S 0w [T T
‘© 900 —¢— Data ! ‘© 400 —¢— Data 7
CMS. [ zv)+jets (QCD) ] L CMs. [ zov)siets (QCD)
(11 sooF- Preliminary [ Wibsjets (QCD) 3 (1] g50f. Preliminary [0 Wivsjets (QCD) E
Cut-and-count [ z(vv)+iets (EW) ] [ Cut-and-count I Z0vv)+jets (EW) 1
700 W (v)+ets (EW) i r I (v)+jets (EW) ]
[ Dibosons il 300 [ Dibosons -
I Top quark r I Top quark q
600 [ other backgrounds 250F [_] other backgrounds B
CR-only fit uncertainty F _+_ CR-only fit uncertainty
500 XXX CRs+SR b-only fit F —+— 2 CRs+SR b-only fit 1
qqH(125) — inv. 2001 m qqH(125) - inv. -
Analysis Observed limit | Expected limit +1s.d. +2s.d. Signal composition
Shape 0.28 0.21 [0.15-0.29] | [0.11-0.39] | 52% qqH, 48% ggH
Cut-and-count 0.53 0.27 [0.20-0.38] | [0.15-0.51] | 81% qqH, 19% ggH

100

0
1400 1600 1800 2000 2200 2400 2600 2800 3000

Uncertainties: theory V-+jets (EW 48%, QCD 23%), exp. E* trigger (18%), T veto (13%), 1 id (8%)

m; [GeV]

 ——
0

4

4.5 5

NB! ATLAS 8 TeV VBEF result still competitive:

5.5

6

B(H — inv) = 0.28 (0.31), see 1508.07869 (Update soon!).

6.5

A
nﬂ
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4. Combining the results

H(125)(( H(125) >-M/¢/-%/

22 /31



Combining several H — invisible channels CMS: HIG-17-023
New VBF result from CMS include a combination with their other recent results:

Analysis [ Final state ‘ Signal composition | Observed limit | Expected limit
qqH-tagged | VBF-jets + p7'** 52% qqH, 48% ggH 0.28 0.21
VH-tageed Z(e) + pp> 79% qqZH, 21% ggZH 0.40 0.42
88 | v (qq) + pmiss 39% ggH, 6% qqH, 33% WH, 22% ZH 0.50 048
ggH-tagged | jets + pT'** 80% ggH, 12% qqH, 5% WH, 3% ZH 0.66 0.59
35.9 fb™ (13 Tev) CMS Preliminary 35.9 fb (13 TeV)
= T S ST T T
gmlAj CMS Preliminary S P ;o ]
S o - 1
£ [ —e— Observed — L 1
112 ) < r ]
T [ e Median expected o~ 61 E
e 1 . 68% expected F ! ]
5 T 50 ; i
c o 95% expected C [ ]
o = L ! ]
E 0.8? 4; ": {
g 0.6 3 3 ]
S r F L B
d [ L — Combined ]
< 0.4 2 :— — qqH-tagged {
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Run | combinations: ATLAS 1509.00672, CMS: 1610.09218, ATLAS+CMS: 1606.02266 (indirect) .5, ;


http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html
https://arxiv.org/abs/1509.00672
https://arxiv.org/abs/1610.09218
https://arxiv.org/abs/1606.02266

So far: Higgs decaying (only) to only invisible particles

SM X
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So far: Higgs decaying (only) to only invisible particles
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What if there's more?
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miss

Don't forget: H(125) — long-lived particles and Er

Example: ATLAS-CONF-2016-042:
H(125) — “lepton jets” (and E1"")

r  ATLAS Preliminary
r 3417 (s=13TeV FRVZ 2y model
m, =125 GeV m = 400 MeV

10

BR(H- 2y +X) = 100%

=
[S)

BR(H - 2y +X) = 10%

=y
&
<
X
S
Q
1
<
['4
[]
X
=]
c
IS
E
5
4
[§]
X
o
o

-

E— observed limit expected + 20

[ e expected limit . expected + 10
| ol | L

1 10 10
Dark photon ct [mm]
Generally:

> H(125) can be portal to a dark/hidden

Signature: collimated and displaced jets of sector, which could also explain DM

leptons appearing in calorimeters or muon

. . . > Weak li to thi tor = LLP
spectrometer, via long-lived particles (LLPs) cak couplings to this sector S

» Displaced signatures not trivial
(More LLPs in talks by K. Hahn and A. Davoli) = interesting experimental work!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-042/

Summary

95% CL upper limits on BR(H — inv) from Run | and Run Il data.

Channel ‘ ATLAS ‘ CMS

Z(L)H 067 361fb " 040 359fbh "
V(had) + E® | 078 203 fb ! 0.49 359 fb '
Mono-jet 159 203 fb " 0.74 359 fb '
VBF 028 203 fb ' 028 359 fb
Combined 0.25 4.7+203f ' | 0.24 350 '

Stay tuned!

26 /31



Backup slides
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Indicative numbers for H — invisible at future colliders

» HL-LHC: extrapolation of CMS VBF result reaches
B(H — inv) < 10% for 300 fb~' and < 3-6% for 3 ab™*
(see CMS-FTR-16-002)

> ILC: 4.8% with 250 fb~ ' at Vs =250 GeV using Z(up) only. Adding Z(qq) they
expect to reach 0.9%, and with ~ 1 ab™! the limit is sqeezed to 0.4%

(see ILC Higgs White Paper)

» FCC-ee: TLEP studies indicate upper limit of 0.5% achievable at /s = 240 GeV
(see 1308.6176)
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https://cds.cern.ch/record/2266165/files/FTR-16-002-pas.pdf
https://arxiv.org/pdf/1310.0763.pdf
https://arxiv.org/pdf/1308.6176.pdf

o

RIS,

VBF H — invisible: results for cut-and-count analysis CMs: HIG-17-023  [FS¥s§!

G verwsar £

¥o ocH KoNsT 8

et

Process Signal Region | Dimuon CR | Dielectron CR | Single-Muon CR | Single-Electron CR
Z(vv) (QCD) 799 £72 - - - -
Z(vv) (EW) 275 +£34 - - - -
Z(Lt) (QCD) - 90.1+7.9 64.7+5.8 26.8+1.2 49402
Z(et) (EW) - 32.7+43 25.0+34 59403 24402
W({v) (QCD) 497 +33 02+02 0.8+06 891+31 533 +21
W(lv) (EW) 145+ 11 0.140.1 - 416 £16 260 £ 11
Top-quark 43.74+9.8 53+16 37+11 126 £22 83.1+154
Dibosons 199+6.1 26+13 09+05 23.54+4.9 16.1+£4.1
Others 33£26 - - 25.6 +£20.7 29429
Total Bkg. 1784 £97 131+8 952+5.9 1515 £ 34 902 +24
Data 2053 114 104 1512 914
Signal my = 125GeV 851 £ 148 - - - -
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html

VBF H — invisible:

uncertainties

CMS: HIG-17-023

Source of uncertainty

Ratios \

Uncertainty vs mj;

| Impact on B(H — inv)

Theoretical uncertainties

Ren. scale V+jets (EW) | Z(vv)/W(4v) (EW) 9-12% 48%
Ren. scale V+jets (QCD) | Z(vv)/W(¢v) (QCD) 9-12% 23%
Fac. scale V+jets (EW) Z(vv)/W(Lv) (EW) 2-7% 4%
Fac. scale V+jets (QCD) | Z(vv)/W(4v) (QCD) 2-7% 2%
PDF V-tijets (QCD) Z(w) /W (Lv) (QCD) 0.5-1% < 1%
PDF V-tjets (EW) Z(w)/W(tv) (EW 0.5-1% <1%
NLO EW corr. Z(vv) /W (L) (QCD) 1-2% <1%
Experimental uncertainties
Muon reco. eff. W(uv) /W (), Z(up)/ Z(vv) ~ 1% (per leg) 8%
Ele. reco. eff. W(ev)/W(Lv), Z(ee)/Z(vv) ~ 1% (per leg) 3%
Muon id. eff. W(uv)/W(Lv), Z(up)/ Z(vv) ~ 1% (per leg) 8%
Ele. id. eff. W(ev)/W(lv), Z(ee)/ Z(vv) ~ 1.5% (per leg) 4%
Muon veto W(CRs)/W(Lv), Z(vv)/W(lv) | =~ 2.5(2)% for EW (QCD) 7%
Ele. veto (CRS)/W(EU), Z(vv)/W(Lv) | ~1.5(1)% for EW (QCD) 5%
7 veto W(CRs)/W(tv), Z(w) /W(ev) | ~ 3.5 (3)% for EW (QCD) 13%
Jet energy scale Z(CRs)/Z(vv), W(CRs)/W(lv) | =1 (2)% for Z/Z (W/W) 2%
Ele. trigger W(ev)/W(Lv), Z(ee)/ Z(vv) ~ 1% <1%
pRiss trigger All ratios ~ 2% 18%

o

S,
FKTHS

§ v &

OCH KONST &

e il
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-17-023/index.html

ZH — 00+ E2.

yields

ATLAS: 1708.09624

Final State ee o
Observed Data 437 497
Signal

ZH — €€ + inv (By_iny = 30%) 32+1+£3 34+1+3
DM (mmeq = 500 GeV, m,, = 100 GeV) x 0.27 108 £ 0.3 £0.8 11.1£0.3+0.8
Backgrounds

qq727 212+3+15 221 +3+17
88727 189+03+11.2 193+03+114
wz 106 2 +6 113+£3+5
Z + jets 30+1+28 37+1+19
Non-resonant-£¢ 30£4+2 33+4+2
Others 14+0.1+02 25+2.0+0.8
Total Background 399 + 6 + 34 426 £ 6 + 28
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https://arxiv.org/abs/1708.09624
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