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Riggs to Invisible

e Total Higgs decay width not precisely

constrained yet

ATLAS Preliminary 16 interval o=
Vs =13 TeV, 36.1 - 79.8 fb’’ :
® ~26% allowed for BSM decays My = 12509 GeV, Iy, | <2.5 2 ointerval ==
. . .k - +
e Higgs to Invisible final state predicted «,, | e | 4
by lots of BSM theories e - | — -
Kp ———— -
® Very rare decay in SM: Ko | — | -
y Kg i —-;-— i —-d-—
o ~0.1% (H— ZZ* — 4v) e, | B |K|<10 26+
B " Basu =0 | i BB‘;MZO ’—l
¢ VBF H— Invisible is the strongest g PPV RVTT RPN WIS TR A TONTY
constraint fit assuming no BSM fit floating Br(BSM)

ATLAS-CONF-2018-031
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http://cdsweb.cern.ch/record/2629412/files/ATLAS-CONF-2018-031.pdf

Vector Boson Fusion

— Leading sensitivity
q

)

" VBF (7%) * oo (87%) q VH(§%
fraction of cross section
® Vector Boson Fusion (VBF): at 13 TeV

® No color flow
® (llear signature, easy to reject QCD
® [arge MET:
® Trigger on MET
e Upper limit on Br(H—Invisible) Run 1: 0.28 (0.31)

® Dominated by theory systematics and data statistics
JHEPO1(2016)172
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https://link.springer.com/content/pdf/10.1007/JHEP01(2016)172.pdf

Analysis Strategy

Background

q
I(lost) ¢ —{W I (lost)

q
q/
q vV
VL Z
v
q v

e Use Control Regions with same kinematic selections but different lepton
requirement to constrain background in Signal Region

¢ W— lv (found lepton) = W—lv (lost lepton)
o /-l =Z->vv
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Analysis Selection

Variable Value e C(uts tightened since Run 1 as a result of

N R background changes in 13 TeV
__________ | 1<Jz>m>80<50>GeV\ e 3 bins in m;

ppr 1 <25GeV o 1-1.5TeV,1.5-2TeV,>2TeV
"""""""""""" Most sensitive bin: m;; > 2 TeV

AnGp) 1 >48 VBF ° i
------------------------ S R — ® [ess dependent on MC modeling of
Ak o <18 myj shape

m; >1TeV e Control Regions:

e Same cuts with lepton requirements

® [epton selection tightened due to
trigger

o W—oev, W— uv,Z—-uu, Z— ee

MET cut raised due to offline pileup

constraints
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210° Superimposed Superimposed
c10 ATLAS y Preﬁt e Data ATLAS ] POStﬁt e Dat
o 13 TeV, 36 fb 13TeV, 36 fb™ ata
102 ~ Bt syst, % B + syst,
prefit W & Z, all postfit
postfit fakes
10
Stacked bkg. Stacked bkg.
[ W (strong)
- W (strong)
1 D D B (strong) B Z (strong)
8 1.5¢ W (EW) LW (EW)
T | (EW) g2
c e , % %Ll > fakes ' @ e fakes
123123123123123123123123123 123123123123123123123123123 | []tt
ultijet ev e'v ev e'v uv u'v ee L SR O multijet

ev e'v ev e'v. uv u'v ee up SR

Fake enriched W CR ZCR Fake enriched W CR ZCR

WCR SR WCR SR

e Upper limit assuming SM cross section:

¢ Br(H—inv) <0.37 obs (0.28 exp) at 95% CL

1809.06682
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https://arxiv.org/pdf/1809.06682.pdf

Overall Uncertainties

e MC statistics 1s big limitation Source AB/B [%]
e Actively looking for a solution to generate |
enough MC events 1n our phase space =~ A llExp ____________________________ 17 ______________
® NLO Sherpa is currently too slow JES 10
® Jet systematics: | JER )
e JES: set of 29 nuisance parameters (each
1-4% on the ratio). Are inflated by MC stats. A llTheory _______________________ 10 ______________
® Should cancel in SR/CR ratio CKKW 4
O [ ZSR/CR ATLAS e
% 151 | 1eTeveent Resum _______________________________ 1 ________________
L\) 0 _ — MC sample stat. Renorm 2
Qﬁ A R --= Theory
% e (gt o) MC statistics 12
° _ -------- v A Jetenergyscale N
. l v Jet energy res. Data statistics 21
ROEIELR 1809.06682

m; range [TeV]
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https://arxiv.org/pdf/1809.06682.pdf

Theory Systematics

® Signal:
® 3rd jet veto dominates (7%)
® Plan to try central jet veto to increase signal acceptance and reduce this
® Background:
® Resummation scale, renormalization+factorization cancels well in SR/CR
e CKKW dominates
® (alculated from smaller MC samples
® Might be inflated by MC stats

Yields SR/CR  Br
Source l S | Be? | BCLZ oz ABB
 Resum | -2 3 0 1
_________ Renorm,fact | - 20 . 19 & 1 2
CKKW - >3 1 4
_____________________ PODF | 1 . 1 .2 .y .0
3rd jet veto 7 - T
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Particle Flow Jets

® Target improvement for 3rd jet veto

® More efficient reconstruction gives bigger background rejection
e Fake jet reduction improves signal acceptance

® Improvement in JER at low pr

> _I 1T | T T | T T | T T | T T | T T | T T | T T | T T | 1T I_ P T 1 | T T 11 | T T 11 | T 11T | T 11T | T T1 | T T1 | T T1 | ' T 171 | T
O B i
- ~ 24 —e— LC+JES Jets . = ~ —e— LC+JES Jets
qc)_l 03 <H> —— LC+JES Jets |[JVF|>0.25 - qc) 10 <M> 24 —a— LC+JES Jets |JVF|>0.25—
o \'s =8 TeV —*— Particle Flow Jets i Lﬁ - \s=8TeV —*— Particle Flow Jets .
111.025 m|<1.0 ATLAS Simulation 1 3 i p_> 20 GeV ATLAS Simulation _
C - - . - -
B i () B i
21.01- 1
S - ] + | _
5 Togaeeeesssescssessoss 5 | ]
CC) W g - -
80.99:— I B Lclt_s a i
G:O 98: 1~
: Default Jets—7— s __
097t PFlow Jets — E : :
:I L 11 | L 111 | L1111 | L 111 | L1111 | L1l | L1111 | L 111 | [ | I 11 |: _I ] | L 111 | L 111 | L 111 | L 111 | L 111 | L1 11 | L1 11 | L1 11 | | I_
30 35 40 45 50 55 60 65 t70 /75 80 4 -3 2 1 0 1 2 3 4
pre [GeV] n
1703.10485 !
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https://arxiv.org/abs/1703.10485

Extend phase space
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.21 ATLAS Preliminary

| Data 2018, Vs=13 TeV i
- Randr ShEtSas 12 Shis Shat S 40 20 S0 AF
: * HLT selection seeded by L1 M_= 500 GeV: hf:
0.8 =2 jets ! —
p'>70 GeV, i <3.2 i
+ p'f >50 GeV, hl <4.9 ]

M, > 1100 GeV

Offline selection: i
= 1 muon: P> 27 GeV, nl <2.7 ]
p"T1 >90 GeV, lyl < 3.2

+ p'f >80 GeV, hl <4.9

© o (
N S
Illlllllllllll

Anjj > 4.0, A¢jj <20

| | | L

800 1000 1200 1400 1600 1800 2000

Offline M;max[GeV ]

e New VBF trigger added 1in 2018 (40.1 tb-1!)
® L1:m;>0.5TeV
e HLT: pT > 70 (50) GeV, m;; > 1.1 TeV
® (Gain additional signal in lower MET with more strict VBF cuts

o

ATL-COM-DAQ-2018-173
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https://cds.cern.ch/record/2645554/files/ATL-COM-DAQ-2018-173.pdf

Improve Z CR stats

e /—> ce: dielectric trigger allows us to move WP from tight to loose for 15% gain
in ZCR statistics

e /— pu: moving to loose extend efficiency in wider 1 range ~ 5%
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Electron

ATLAS Preliminary

\s=13TeV, 43.8 fb™

-2.47<n<2.47

—e— Loose
—a— Medium
—— Tight

| Data: fuIIl, MC: opeTn
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Effiiciency

1

0.95 o 8o o%°
0o Muon ° ° _
L] e Data o MC
0.6 No TRT selection applied s

Z— 1t: can add lep+had channel for ~12 % gain in ZCR statistics
30% gain 1n total in ZCR stats! — 13% reduction in stats uncertainty in ZCR!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2018-002/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2017-001/index.html

Conclusion

e Run 2 brought new challenges in various aspects

® [ ots of room for improvement for full Run 2 analysis:
e Improvements for jets, MET and lepton identification
e MC generations

® Systematics reduction

e Fit Models

e Combination of H— Invisible with 36.1 tb-! and Run 1 coming out
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Backup
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WIMP interpretations

ATLAS internal
« (Observed
36 fb'at 13 TeV

s Expectedt 1o
95% CL limit

[TeV]

mscalar

— — —k
H B oy
B w N

Owivp-nucleon [CM?]

10°%

1074

ATLAS
13TeV, 36 fb™
90% CL results

Higgs portals

=— Scalar wimpP

== Fermion WIMP

Other expts

— LUX
PandaX-ll

— Xenon1T

10 10° 10° 10 _
mWIMP [Gev

e Reinterpret with different scalar masses

e Convert to WIMP-nucleon cross section assuming the Higgs portal model

® Updated nuclear form factor reduces error bands

® Complements direct detection experiments through sensitivity to small

WIMP masses

R.Zou (UChicago)
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https://arxiv.org/pdf/1809.06682.pdf

MC stats issues

® Very challenging phase space:
e ~2 mins/event in Sherpa (total EVNT — AOD)

® To get S00M events: 7 days on 100k cores
® May still not be enough to cover the phase space
® Three possible solutions:
® [Implement an effective filter for Sherpa NLO
® Has proven to be very challenging
® Use Madgraph LO (much faster, CMS method)
® Much bigger mismodelling

® Find extra resources to generate MC samples

R.Zou (UChicago) December 3,2018



Use W to Constrain Z

e Statistics limited to constrain Z— vv (1111) with Z— 11 (181) only

e W— Iv (1400) would be a much stronger constrain for Z— vv
e Need higher order corrections to the ratio of W/Z
e Difference in W/Z mass n.umbef of events
e PDFs due to flavor differences In current paper
e 7/ CR will have data stats uncertainty of ~4% with 150 fb-!
e Need uncertainties on the corrections to be smaller than that

e This was done for the monolJet analysis, more challenging 1n this phase space

JHEPO1(2018)126
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https://link.springer.com/content/pdf/10.1007/JHEP01(2018)126.pdf

Jet Systematics

® Jet systematics:

® Increased greatly overall due to increase in pileup
® Mainly due to 3rd jet veto at 25 GeV (30 GeV in Run 1)

® JES uncertainty increased: 0.012 — 0.052

Run 1

>, 0.05 =
el — .
'EO 045 I ATLAS Is=7TeV, J Ldt=4.71b
m "
T anti-k, R=0.4, EM+JES
8 0.04 Total

Statistical

c
=0.035

--- Extrapolations

--- Pile-up jet rejection

--- MC generators

--- Radiation suppression
--- Width

- Out-of-cone

--- Electron energy scale
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Run 2

Data 2015 Vs=13 TeV ATLAS Preliminary 7|
anti- k R = 0.4, EM+JES + in situ correction

[ Total uncertainty
== Absolute in situ JES
« Relative in situ JES
== Flav. composition, unknown composition
Flav. response, unknown composition
-+ Pileup, average 2015 conditions
== Punch-through, average 2015 conditions

;..,.l '."""‘"H',nlu.. - “. .....
N -:I.Hl-”:f:::"'l L J-T "'“:J‘;fr‘ﬂf-‘ﬂmu AL O
20 30 40 10° 2x10° 10  2x10°
jet
JETM-2016-010 Pr [GeV]
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https://arxiv.org/abs/1406.0076
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2016-010

Kinematic Distribution

N B > shown right plot -
2 40%L | _ ATLAS .
< 13TeV, 36fb
LI ) « Data
107 3 =] — B+S,B, =1
; i ]t “ | = Bisyst
105_ L4 al
: Strong Z 7 i// i
1_ B EW Bw Z ¥ | .
8 35_ z_ * ‘ Ty X
SprEse L i L L
E ([ wo T AR etk
0 2000 4000 200 400 600 800
mjj [GeV] E_rltuss [GeV]
e S/B increases with mj;, flat with MET
1809.06682
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https://arxiv.org/pdf/1809.06682.pdf

S/B from Run | to Run 2

WV... Stirling

WJS2013

100 ————— : —— :
[ ratios of LHC parton luminosities: 13 TeV /8 TeV

e Most signal events are qq while
background events are qg

e Background increased more than 99
signal from Run 1 to Run 2 (8
TeV — 13 TeV)

e Change 1n background motivates
more rigorous kinematic

requirements in Run 2 L | MSTWRODENLO

luminosity ratio
o
|

306 S77 0.53 13 9.2 0.109

m 1652 4154 0.40 26 9.3 0.108
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http://www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html

Improve Z CR stats

® /—

cC

® Dielectric trigger allows us to move WP from tight to loose for 20% gain in statistic

o /—

u

e Moving to loose increases efficiency in Inl < 0.1 for 4% gain 1n statistics
e Moving to loose will extend 1 acceptance to 2.7 for ~3%

o /—

TT

e Can add lep+had channel for ~12 % gain in statistics
® 40-50% gain 1n total in ZCR stats! 17% reduction 1in stats uncertainty in ZCR!
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2018-002/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2017-001/index.html

ID efficiency

Data / MC

Improve S/B

e [epton WP for veto:

e 36.1 paper: electron WP: Tight, muon WP: Medium
® Veto on loose leptons should reduce W— v background
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/EGAM-2018-002/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2017-001/index.html

Particle Flow Jets

® Jet energy resolution 1s better at low

pr for particle flow jet
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[ ] EM+JES total uncertainty
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/JETM-2018-005/

Vector Boson Fusion

Candidate in signal region of H — xx with two VBF jets (m; = 5.0 TeV)

Longitudinal view Perspective x-y view
72
]

! SR

: -1

E L 4 A Emiss
| o * =T

B

. Run 305723 > ATI A €
¢ - Event 894673740 “j%* A.“iAS

" miss Date  Aug. 6, 2016 2 EXPERIMENT
ET =674 GeV  Time 16:1850CET http://atlas.ch
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Improve S/B

—h

ATLAS |
Slmulatlon Prellmlnary
\E_ 13 TeV, 36fb1

ee- channel :
Im meel<15 GeV

EmISS > 50 GeV 2 Jets

0.8

0.6

Background Rejection 1-e5

® (Object based MET significance o4 T
e Improved background rejection —~ °'°i‘?°"'°as?" i s‘g"‘f?°a"°e§
: 0.2/~ _— Eventbased E™ Significance
® [ ess pileup background Cemhess T Sanipenee L 1 0
S DU U DTS FUUN FUUT PO SUUUE SO e
o 15F E
S E
058
O 01 02 03 04 05 06 0.7 08 0.9

Signal Efficiency eg

ATLAS-CONF-2018-038
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-038

Limiting Factor

Source Biny improve. [o] Yields, @ changes (%)
using all m;; bins in 1<m;;<1.5TeV

: Z Z
A visual S Bi, B, az ay

Experimental ()

Jet energy scale 10 e 12 7 8 8 6
Jet energy resol. 2 ¥ 2 0 1 1 4
E%ﬁss softterm 1 1 2 2 2 22
Lepton id., veto 2 ¥ - - - -4 . .
Pileup distrib. 1 1 31 2 31 ® MC Statl SthS
Luminosity 0 I 2 2 - -

Theoretical (%)
Resum. scale 1 1 - 2 3 02 .
Renorm., fact. 2 4 S 20 19 12 ® Jet systematics
CKKW matching 4 + - 2 3 15
PDF 0 | I 1 2 11
3" jet veto 2 ' - - - - .

o

S Theory systematics
MC sample (%) 12 —— 4 5 9 109
Data sample 2] —— 6 5 12 12 6

Combined

All T sources 17
All I sources 10
Combine T, & 28
Combine T, &, * 42
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Trigger Challenge
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e pufit: new algorithm 5 o ]
° B 6 7
developed in 2016 201 o .
; :
10 -
i 000 acoeomac®
—I Bﬁﬁ@aalalglgfg?lg?? DIDIDIDIDFIDIDDIIT I | .| I | | I | I .| I L1l I—
q

0 15 20 25 30 35 40 45 50 55

<u>

R.Zou (UChicago) December 3,2018



Kinematic argument

® Plots made for gqq— H, works for qg— VV— H in limit of Mx >
MH

WJS2013
100 B ' ' LA | ' LI | T T

[ ratios of LHC parton luminosities: 13 TeV /8 Te

luminosity ratio
o
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