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New Physics to hh

Resonance: Graviton, 2HDM ... Non-Resonant: (B)SM
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Motivation: How

hh to Standard Model Particles
bb: largest branching ratio ,, .
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RHun1 Limits
4b: hh limit-driver
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Objects Definition

Jets Merging and The Two Channels

* Final search variable: sums of decay products’ invariant mass

1.5 TeV resonance — ~ 600 GeV pT

1I9gs — ARow ~2me/pT ~ 0.4

Boosted

Objects/ Resolved
Final State  (250-1200 GeV)
o Trigger Mixed Trigger
" Jets Four 0.4 Anti-kt Jets
pT cuts Jet pT > 30 GeV
B-tagging /0% WP on EM Jets
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Subleading > 250 GeV

.......................................................................

(1100-3000 GeV)
—

Large R-jet Trigger

Two 1.0 trimmed
Anti-kt Jets

Leading > 450 GeV

/7% WP on Anti-kt
R=0.2 track jets
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Event Selection: Improvements

Moriond Limits

Constraints | Resolved Boosted

Low Mass Constraint high pT cuts/combinatorics R=1.0 jet not big enough

ATLAS
(s=13 TeV, 3.2 fb” —e— Observed Limit (95% CL)
------- Expected Limit (95% CL)
W Expected 1o
Expected +20

Resolved | Boosted
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Jets Pair Combinatorics and Cuts

» Select hh pair that has the minimal distance to the diagonal line

NS
* my dependent requirements on h pT, eta, and dR;; "

* Good signal efficiency across large mass ranges
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Event Selection: Boosted

Track Jets Merging and Signal F?eg/ons

- 4Ty g 3Tao: Pl

2Tag Split: one b Tag in each large R jet ><

- Three Signal Regions: 4Tag, 3Tag and 2Tag Split
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Background Estimation: Resolved

Estimate Background

* Background:
e 93% gcd—data driven
* 7% ttbar—MC

e 2b Inclusive sample is
used to derive the
normalization
estimation in 4b

* Background shape
estimation comes from
B 2Tag SB/CR/SR regions;
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Background Estimation: Boosted

Estimate Background, Again

* Background:
 85% gcd—data driven
¢ 15% ttbar—data driven

* Fit the leading jet mass to
extract ttbar and gco
normalization estimation
comes from Ob to N(2, 3, 4)b

msU! [GeV]

Background shape
estimation comes from 0Ob

(D SB/CR/SR regions;

250

ATLAS Preliminary
Vs=13 TeV, 13.3 fb™
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___________ Systematics
Uncertainties Countdown

| | Resolved
e Signal uncertainty 2015 2016
. Source Background SM hh G (800 GeV) Background SM hh G, (800 GeV)
mainly comes Laminosty  — 21 — a1 a7
from b-tagging s _ e 13 ~ 66 13
Lb-tagging = 23 35 — 23 35
Theoretical — 9.7 4.2 — 9.7 4.2
 BKg uncertainty is e . - - . - -
dominated by Total 5.5 26 35 5.5 27 36
data driven
control region . Boosted
2-tag-split 3-tag 4-tag
e St | m at e S Source Background G, (2TeV) Background G, (2TeV) Background Gg, (2TeV)
Luminosity - 2.9 - 29 - 2.9
JER - 0.1 - 0.1 - 0.3
JMR - 12 ; 12 _ 12
 Backg round/QCD _esius : 45 : 42 : 33
b-taggin.g - 58 - 15 - 38
shape -V
N u N ce rt al nty 1S tSftatlstlcal (l)g 1_.4 411; 1_.0 1(1).2 1_.3
{Dalso applied Total Sys 47 59 6.6 20 2 40
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Signal Region: Resolved

* Final discriminant, M4J; no significant excess observed

Obs | 1231 3990

Exp | 1189 + 76 3860 = 230
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Signal Region: Boosted

Final discriminant, M2J; no significant excess observed
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Combined Limits WMoriona

ATLAS —— Bulk RS, k/My = 1.0

o) g
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Background Normalization: Boosted Fit

Fit on Leading Jet Mass Distribution

| . Vb — 447D 0b Vb a1Vh
* Given: Ndata - #chNqu ta@,; Ntf

e Simultaneous fit of p.., a. to extract the normalization factors

e All fits are independent
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Background Estimation: Reweighting

Reweighting Detalls

Kinematics dependence of lLgcd IS corrected by
reweighting

Resolved: Njet distribution, leading Higgs candidate pl,
subleading Higgs candidate E

Boosted; leading Higgs candidate pT, leading track jet pT
of the leading Higgs candidate, leading track jet pT of the
subleading Higgs candidate

lterated reweighting is used such that the correlations are
taken into account.
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Control Region: Resolved

 Good agreement in shape and normalization
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4021 + 88 12970 + 110
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Control Region: Boosted

 Good agreement in shape and normalization

Obs 7200 1529 81
Exp | 6954 + 52 1507 + 24 944538

2bs 3b 4b

» | I I I | I I
> A L B L BN BN LN BN - P ] - SaAi
© .« ATLAS Preliminary ¢ Data 3 - ATLAS Preliminary t Data i i VéTLAS Preliminary t Data
Q) = Vs=13 TeV, 13.3 fb1 |:| MUltl]et = , s \/§=13 TeV, 133 fb I:I Mu|t|]et s=13 TeV, 133 fb D Mu]t”et
S - Control Region, Boosted 2-tag )t 10 10 E—Control Region, Boosted 3-tag [t _E 102 E_Control Region, Boosted 4-tag [t E
> 10°E | e Stat+Syst — N Stat+Syst - Stat+Syst -
GC) E E ; 102 — — i 1
= i : 5 T = E i B
R s E - 1 b _
B : ‘ 7 10 3 E E
10 § N\, = s : - s
e SNE ' = 1E =
© == N j j j — j Qa' : s L s I: :l PRI ] | L | TR R -
> 2 . | Y Y S
o 15F \\§\ " | e \ N\ \—_
0 o 3 n 5 1.5 N N ]
~ 1i ? S N - X ]
i) - x B \ TN N 1
a O.50 é§oo 7000 1500 2000 2500 3000 eﬁ)o\ % C ' ' _ 3 \\x 2 05 §\ N \\\\ g
m, [Gev] ~ o 00 1000 1500 2000 2500 9000 8590 Y 57506 7000 1500 2000 2500 3000 3500
2J m,, [GeV]

Tony Tong (Harvard) %, 19 Aug 17,2016



Limit Comparison
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Result: Runl Combined Limit

Run | Combined Limit
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RHun | Resolved and Boosted

Sample Signal Region Yield Sample Signal Region Yield
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