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@ Outline

* The High Luminosity-LHC program

* ATLAS Phase Il Upgrade program
* Higgs analysis prospect:

- Higgs boson coupling

- Higgs boson self-coupling

- Higgs boson rare decays
- VBF Higgs boson production

e Supersymmetry (SUSY) analysis prospect:

- Stop pair direct production
- Stau pair direct production
- Chargino and neutralino direct production

e Conclusion

6/30/17 2



http://hilumilanlz!v(v:eé.cl-elrIﬁ.-clﬁ

LHC

Run 2

NOW

Run 3

LSt 13 7oy M 13.5-14 Tev 14 TeV 14 TeV aneray
splice consolidation 13 ini:rc;grpt;?g:ide - gg%;é
7Tey 87TeV button collimators PII;S l;:;.\I1Ii1m_la_1t;¢::\n icnrt):ac}lzlar::]tliton . HL-LH_C luminosity
R2E project TeV hist IE(" 5 P1_|Ppé) regions installation
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
-
< > "> 20 < > radiation
uPU q P . 2 x nominal Iuminodsi;n;ge experiment
Zg:ﬁinal E);g(:lg::gts nominal luminosity ) experlpm;ansteu{)grade — — upgrade phase 2
luminosity |
" PHASE 2 v
ATLAS UPGRADE
HLLLHC mode Peak Luminosity | Mean number of interactions | Integrated luminosity
a m 2 1 H -1
(em™s™) per bunch-crossing <p, > (fb%)
Baseline 5x10* 140 3000
Ultimate 7.5x10* 200 4000

6/30/17



ATLAS Phase Il Upgrade Program
% (2024-2026)

» ATLAS Phase Il upgrade: for performance and degradation/limitation

-> maximize the physics performance and discovery potential of ATLAS
- increased pile-up - higher backgrounds - higher trigger rates

-> Physics targets : precision measurements /rare decays / beyond SM

* Longer latency for Trigger System aam

* Upgrade electronics for Tile Calorimeter

* Inner detector with fully Silicon
(strip and pixel)up to |n| =4
* New Inner Muon barrel trigger .
chambers

LAr hadronic end-cap and
forward calorimeters

Pixel detector

e Options for: - forward muon tagger
- timing detectors o it | Tt

Semiconductor tracker
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A Higgs Couplings

* Extrapolation from Run-1 analysis at <pi, ;> = 140  (ATL-PHYS-PUB-2014-016)

ATLAS Simulation Preliminary e
's = 14 TeV: [Ldt=300 b ; [Ldt=3000 fo" Run-1 [ ATLAS Simulation Preliminary

E  hoyy, h>ZZ* 541, h5WW*Slvly

z
T T | T T I T T uyy - 1.17 +0.28-0.27 =T E E{—yc]:, h:bb, h—);:(ui h—Zy ",*"\'/\-I/-' E
H—yy (comb.) 107 2w e =

: | (AIJ./]J. ~ 0.23) E BR,=0
H% ZZ (Comb.) g IJ'ZZ - 1.46 +0'40_0.30 10
(Ap/p ~ 0.24)

H— WW (comb.) E Ky = 1.18 +0.42_0.37 B
~ 1.2F =
g S 1 (Ap/p~ 0.33) 1 J I . 1 ;

0.95

o .

Iz \s=14TeV
o —[tat=300f" ]
— [Ldt=3000f0"

10

IIHHI| T lIIIHI| 1T

H— Zy (incl)

Ratio to SM
T

H— bb (comb.)

___________________________ ____________________ _ With 3000 fb-1:
* W, Z couplings to 3%

H—tt (VBF-like)

H—up  (comb.)

Signal Strength  * Muon coupling to 7%

0o Io.2l | Io.4l ~ u=o0fogy * t,b,t couplings to 8-12%
Ap/p 5




A Higgs Self-coupling

* First opportunity to measure Higgs A
boson trilinear self-coupling :'HH” ---H
* oynolHH) ~ 40 fb -> combine as ::}>'" +
many decay channels as possible

* Decay channels with b-jets have higher branching ratios
(ATL-TDR-025 LHCC-017-055

S NN ' E
. . s FATLAS Simulati i ]
chay_( channel Branching ratio (%) c.Br (fb) S el fe= 14 T;;C/q,u<il>()=nzco, ff ]
bb+bb 33 12.9 3 - — <27 3
A WW- 5 el k>~ —— 2.7<hi<4 -
bb+W*W 25 9.9 S 10°L T
bb+t*t 7.4 29 S O S N WO > U FO WO O B
WWH'T 5.4 2.1 E
2Z+bb 3.1 1.2 op T N ;
: : - MV AN
ZZ+W*'W 1.2 0.48 A U VU DUV VUV DUURE TUUUN TOUE TR towre L
— 0.55 06 065 0.7 0.75 0.8 0.85 09 09 1
bb+yy 0.3 0.12 b-jet efficiency
YYHrY 0.001 0.04 Comparable light jets rejection:

with <pu> =200 and Run-2
6
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A Higgs self-coupling

ATL-PHYS-PUB-2017-001

T T T T T L L e —

 HH -> bb YY

> 140
(6]

o} KN Stat. Unc.

» Cut based analysis, ATLAS upgrade design y performance 2= %Tnj?isﬁgmggénfig =§E:itéb37 g
* SR: 9.5 signal, 91 total background g1 b e
80 Others ]

Z,: 1.050 (+/-0.026 stat only) 60 E

-0.8 < Ayuu/Asm < 7.7 (95% C.L., no syst.) «

- - 20 —

* HH -> bb bb 050720 140 160 180 200 220 240
» Extrapolation from Run-2 analysis (G

e Systematic as in 2016 (tt-bar, multi-jets bckg modeling) ATL-PHYS-PUB-2016-024

— —— :
ATLAS Preliminary [ Multijet
\s=14Tev, L=3000 " [ tt

* Present exclusion limit : p = o/og,,= 29

-
<

Entries/10 GeV

- —— SM non-resonan t HH

Jet Threshold Background o/osm AHHH//I%AI’{IH /IHHH//IEIA;IIH :

[GeV] Systematics || 95% Exclusion | Lower Limit Upper Limit .

30 GeV Negligible 15 0.2 7 "

30 GeV Current 5.2 -3.5 11 10

75 GeV Negligible 2.0 -3.4 12

75 GeV Current 11.5 -7.4 14

10300 400 600 800 1000 1200
m,, [GeV]

ttHH->WbWb bbbb HH-> bb T t*

ATL-PHYS-PUB-2016-023  ATL-PHYS-PUB-2015-046 -> BACK-UP
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A Higgs rare decays

*H->J/W (->p*u) v (with <p,;>=140, L = 3000 fb!)

* Higgs coupling to c-quark. Run-1 detector performances %
* MVA analysis m,,,,_, in [115, 135] GeV g

* 3 signal events and 1700 background (with no systematics)

BR (H->J/W (->pp) vy ): 44*19 ,,x 10° (95% C.L.)
SM: 2.9 +0.2 x 106 ( Run-1 Limit: 1.5 x 10-3)

100~ ATLAS Simulation 7
I Preliminary ]
i s=14 TeV, 300 fo''
80— e Data (Bkg. Only) ]|
r — S+B Fit T
[ Background
r [ ]H Signalx 100 ]|
60_— [JZSignalx10 |
L +g4- —)
o (ThTRY
20— 7]
|

1 1 1 1 1 1 ' 1 1 1 I 1 1 1 l 1 1 1 I 1 1 1
60 80 100 120 140 160 180
m,,, (GeV)

*H->p* - (with <p,,>=200, L = 300/3000 fb?) (ATL-TDR-025 LHCC-017-055)

« Low BR, high Z/y* background, high mass resolution

>

8 1010 ATLAS Simulation

* Based on Run-1 analysis (cut optim.), m , in [110, 160] GeV]3

* Total background shape and normalization data-driven
* ITK-Upgrade -> improve mass resolution by 25% (w.r.t Run-2

Z,: 2.30(300fb1) 7.00(3000 fbt)
Ap/pu: 46% (300 fbl) 21% (3000 fb)
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Vs=14 TeV, 3000 o!, <y>=200 [ H-»uy (ggF+VBF)
B WW4tt+Z/y*
WW-tt

- ww

10°
10°
107
10°
10°
10

10°

10°
80 100 120 140 160 180 200 220 240 260
m,, [GeV]
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A VBF Higgs production

(ATL-TDR-025 LHCC-017-055)

(T — ”
- ATLAS Simulation = no PU mitigation

1 T
Ffes=14TeV, <u>=200

T3
ATLAS Simulation

* Pile-up suppression:
- <Mpy,> "~ 200 4.8 pu jets/event

r 4 ITK PU mitigation
0.2— — - Tk inclined
- i o, =50mm

- PythiaB diets

Is per event

J

g N
0.15

Efficiency for pile-up jets
<

-t
Q
N

- R, based on charge >opr of
. R, — tracks C
vertex fraction 7 prlet) oo

—ini<15
15<mj<23
29<nj<38

-3 1 1 1 1
10 06 065 0.7 0.75 0.8 085 09 095

- Applied to all non b-tagged jets

with: p; <100 GeVand [n|<3.8  No PU mitigation ~Rejection factor 50
} vs Pile-Up mitigation ~0-2 pu jets/event
*H->WW ->evpuv o o H > WW*).
e ATLAS perform ances: Run-1 (e /u) Track‘lr‘lg coverage Expected precision
. 7| < 4.0 12%
* Jets and E;Ms from expected upgrade performance | < 3.2 18%
* Experimental systematic (no theo. syst. on signal) =27 2%
*H->27Z"-> 4l
* 2 jets( m(jj) > 130 GeV), stat | stat+syst
* Main background ggF (separated via BDT) and qqZZ Z,:11.1 | 7.7
 Systematic only from signal QCD scale Ap: 0.144 | 0.170
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Supersymmetry Searches
at HL-LHC

i

« Supersymmetry (SUSY) is one possible extension of the SM:

- predicts bosonic/fermionic partner for existing fermion/bosons
-> lightest SUSY particle is stable (if R-parity conservation) -> DM candidate
-> Cancel out quadratic divergences in the Higgs mass corrections

-> Can accommodate the gauge coupling unification

* Focus on HL-LHC benchmark studies:
14 TeV, <pp,> = 200, total integrated luminosity of 3000 fb?

smearing function for upgraded ATLAS detector simulation

truth level particle corrected for detector effects

assume 30% systematic on background

6/30/17 10



A Stop pair direct production

* Cut based analysis, top decaying leptonically BR=1 ¢
* Small mass splitting among stop and neutralino b ) :

" ~0
-> |SR jets to boost the stop-system - Y
* Final state with 2b-jets, isolated leptons and EMss f‘i" Xt
p
* Profile-likelihood-ratio test statistics .

for expected exclusions AM(t, X°,) = 173 GeV

* Run-1 exclusion: [m,, 191] U [230, 380] GeV
. 3000fb1 ¢¢—ATL-PHYS-PUB-2016-022,

o 1o [ —— bé = ATLAS Preliminary Simulation
e - - 2 % [ {s=14TeV,L=3000fb", =200
e T e = I T, production 3000 fb'l
o e 3o e 10 _
SR 107 gl =M -me = 173 GeV
L - S e
Expected Standard Model 13.8+6.5 gl S
107° E =
" 1451 F E
ti+Z 2415  Er®
Others 0.0t18 107E
-0.0 .
107 - o . —
E . tt, production a
- . . ~0 109 os? mi- m_,? =173 GeV —
ty 1y m(f, X (1)) = (350,177) GeV 62.7+7.5 (oo ATLAS Preliminary Simulation Eﬁpwedpo E c [ Eig- He
-~ I = 4 - C . £ ]
f1 1 m(f1, X7) = (700,527) GeV 11.0+2.0 E Vs=14TeV, L=30001b", =200 - Expectedp,with 300 15" - Expected 95% CL ]
—11 0L 1 1 1 1 1 1 O it .
197300 400 500 60 700 80 900 1900 | ‘ T Expected 95% CL with 300 fb
(PN 107500 400 500 600 700 800 900 _ 1000

m; [GeV]

Discovery up to 480 GeV  Exclusion up to 700 GeV
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* Extend the ATLAS exclusion scenario of combined

T T, andT:T; production with x°; massless

 Cut based analysis: tau decaying hadronically,

large E;Miss | low jet activity
* Main background: W+jets and tt-bar

56 discovery sensitivity (x°; massless):

— 100-500 GeV in T-mass for (T,T, and T,T;)
combined production

—120-430 GeV for pure T,T,

Exclusion limit (x°, massless):

---- 700 GeV in T-mass for (T .7, and T;1;)
combined production

----- 650 GeV for pure T T,

————— 540 GeV for pure T;T; (Run-1: 109 GeV)

7/3/17

A Stau pair direct production

For stau mass of 200 GeV:
o(T,T,) ~0.02 pb o(T,T;) ~0.01 pb

_
’ e
T %
Ft %
p
_

- ATL-PHYS-PUB-2016-021
E ATLAS Simulatlon Prellmlnary Opyg=30% E
500 Vs =14TeV, L =3000 fb", <u> = 200 —
C combined, 5 ¢ discovery ]
[T e combined, 95% excl T
400 - 7,7, 50 discovery o
I 7,7, 95% excl ]
[ — T, 5o discovery S “~. T
300~ %7, 95% excl P N -
C T \ ]
200 = S

P00

Ll
200 300 400 500 600 700 800



Direct chargino and neutralino
A production

oMO(xt, X,°) ~0.005 pb (@ 500GeV)
(

* Extend the present ATLAS sensitivity to
electro-weakinos mass range O(100 GeV)

e Simplified model:

- )?-’1 X,° are wino-like and with equal mass
- sleptons and sneutrino with high mass, SM Higgs

. p BR=1 " T
* Cut based and MVA analysis b
. ATL-PHYS-PUB-2015-032 h
* Main background: tt-bar 3 5 o discovery (2000 f, —140) .
. 1400 Gog = 30%
T 95% CL exclusion (3000 fb™!, <u>=140)
50 discovery SenSiﬁVity : € 1200 5 6 MVA discovery (3000 fb™!, <u>=140)

1000 95% CL MVA exclusion (3000 fb™', <u>=140)

— 950 GeV in mass x*, x,° for m(x,°) =0 <I-lpu> 14C

soo— ATLAS Simulation «\*

Preliminary (M
600 .-

Exclusion limit:

400

---- 1310 GeV in mass )?"—'1 %20 for m()'(vlo) =0 0o
9 s

_‘I\‘II|III|III|III|III|III|III|II

] 1 1 | Li 13 |
600 80 1 000 1200 1400

MVA |mprovemen{GeV]

O F=
o
.
RN
S Y
S b
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A Conclusions

« HL-LHC will represent a challenging environment for ATLAS:

-> <up,> =200, large backgrounds , high radiation dose

* Higgs and SUSY physics program will benefit greatly from HL-LHC data
and ATLAS Phase Il Upgrade

-> Can explore the HH production mechanism
-> Precise measurements of Higgs couplings
-> Can extend the present sensitivities to heavy SUSY particles greatly

* The current expected ATLAS precisions at HL-LHC are still preliminary

-> Better analysis techniques, better data-driven methods for background
-> Theoretical uncertainties expected to decrease with time

6/30/17 14
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Summary of Higgs results

at HL-LHC

Channels Significance
Coupling limit

VBF H->WW" Ap/p =14 to 20%

VBF H->ZZ*

ttH, H->yy

VH, H->yy

H-> Zy
H->prw
H->J/yy

6/30/17

HH = bb Y
(stat)

HH >bb T+
(stat+syst)

Ap/p = 15 to 18%

HH -> bbbb
(stat+syst)

ttHH, HH =>bbbb

Ap/p = 17 to 20%

Ap/p~ 25 to 35%

H->ZZ*->4l

Ap/p ~ 30%
(m(41)>220 GeV )

Ap/u~ 15%
BR<44x10° @ 95 % C.L.

1.050

-0.8 <Ayyu/Aspy < 7.7

0.60

-4.0 < Ay /A < 12.0

-3.5 < Ayyu/A <11.0

0.350

[,=4.2"15_, MeV
(stat.+syst.)
Run-1: T, < 22.7 MeV

ATL-PHYS-PUB-2015-024
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) Higgs self-coupling: 3000 fb!

+ ttHH->WbWb bbbb with <p, > = 200 ATL-PHYS-PUB-2016-023
oltfHH) ~ 1 o
* Cut based analysis, Final State: HH->bbbb tt->bblvgg 3 = [ Twe
* Signal Region (=5 b jets): 25 signal, 7100 background E 0022— |
(dominated by c-jets mis-tagged as b-jets) : 0::: | l, :
Significance: ~ 0.35 o (no systematics) 0'025_0 A N;b_taégedigi

-> small contribution
ATL-PHYS-PUB-2015-046

° HH_> bb T -[+ with <|~1pU> - 140 § 6/ og, as a function of A/ Ag,

ATLAS Simulation Preliminary ,-‘

* Different triggers/cuts for 1, , T, resp. T,,qTe, Channels

e Constraint on m(bb) and m(tt)

e Systematic: 2% lumi., 3% for major bckg (Z+jets, tt-bar)

95% CL upper limit on 6 / o
N w S ol 2] ~ ©

* Combined channels yields: Signal: 48 Bckg.: 7810 1 et /7 [ La-anow'
T, M BataTev
Significance: ~ 0.60 o ( with syst.) o o

4.3 x o(HH->bbt t*)

o207 & <NgpufAspm < 12 (95% C.L. with syst) (95% C.L.) .



* Two approaches to study the HL-LHC physics performance with ATLAS

Use of smearing functions: Extrapolation of Run-1/Run-2 results
- Study detector performances for phys. - similar detector performance and
objects (e,mu,..) with full MC simulations analysis approach as Run-1/Run-2
- Apply ‘smearing functions’ to truth - Scale signal and background level
distributions for analysis, overlay PU jets to higher luminosity, c.o.m. energy

* Systematics (will have ~“x10 more higgs at HL-LHC than at the end of Run-2)
- Theoretical: from Run1/Run2

- Experimental: scaled to best guess for ATLAS upgraded detector at HL-LHC
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Pile-up II: Photons

ATL-PHYS-PUB-2016-026

x10°
9 :I T ‘ TTTT | TT I- \\\\\ LTTTRTTT I| I.\ | TTTT | TTTT | TTTT ‘ TTTT |: _1 - : : : : : : : : : , , I , , : . . —
g 07;ﬁ?ﬁ%ﬂ$ﬁ%”MMwmw R 10;AﬂAS&mMMnWMmmW S B
" C |\/| | -LO : o C HL-LHC ITk-Lol ] o ATLAS Simulation Preiiminar)'/ 3
é 0 6:_ ultiiets. <u> = 200 . _: -g{) 102 = MUltijetS, <> = 200 = 8 1-25_ VBF H-yy, <u> =200 |n|< 237 E
£ o8 Hard Scattered jet — m T Lt 0§ 1 HLHCTT
9 r ] g g 1 H
2 13 S o9l VIEIR =47 e |r~i
c “_E £ | [
: : S iy
= 2 2 o7E E
3 5 5 os :
3 o} ,% o.si— —
Io 5 3 04 E
§ %’ i S 03556700 50 200 250 800 30
ko) ‘ | | | ‘ | | | | i 10 E oo b b by by by 1l 3 i pTﬁ{ [GeV]
E 0 |||||||||||||||||||||||||||||||||||||| 20 40 60 80 100 120 140
I

50 100 150 200 250 300 350 400 450 50
P

Tpileup jet

[GeV]
. pT,truthjet [GGV] .. .
- For combined average efficiency of 70% for isolated photons:

- Rejection factor of ~4000 for hard-scattered jets
- Rejection factor of ~14000 for pile-up jets
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A ATLAS Upgrade Performances

ATL-PHYS-PUB- 2016 026

c =
o 60— 7 7 1P N g TLAS:Simulation:Preliminary ;‘ 100_ 0.01 >
s r ATLAS Simulation <u> = 200 2 L-LHCITK Lol 0 Q
,\g s0f . e LN, o it o) = 0.009 o
w”  F e Zchrssoae g 10° N - c K
= C 50<ST<80GeV ] = NS s=4070T Q ] —0.008 =
é 40f®--80.<pT<120.GeV | I . % N \ o, 6 80_ 8
L C _¢_£ #:+ | N b - C —0.007 cll
8 30 102 \\ 70E -]
= - Z—ee _+_ N c =0.006 @
20 *+ D E N 60 0005
: _’ N ++ : \\ : .
T e S O T 10 N\ : ~0.004
43, .. X 0.003
% 1 2 3 4 mtruel 1b— T L L L T, 0002
pT 30-50 GeV : elec 0.5 0.6 0.7 0.8 0.9 1 0.001
3-4% energy resolution b-jet efficiency .

Jet

* For an electron identification efficiency of 69%, a jet rejection factor of about 4000 is obtained.
Also, an electron charge mis-identification of about 0.26% has been evaluated for the first time

* For 70% b-jet efficiency (with MV1 tagger):
- light jet rejection of ~380 with <mu> = 200 (best optimized Run-2 b-tagger has 380 at 70% eff.)

* Muon with Pt < 200 GeV greatly benenfit from Itk momentum resolution

- B, mass resolution in the B> - p+ p— will improve by a factor of about 1.65 (1.5)

in the barrel (end-cap) region
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A Pile-up suppression

* Typical jet selections require pT (jet) >30 GeV, |n(jet)| < 3.8
* With <p,,> = 200 expected 4.8 pileup jets with pT >30 GeV, |n|<3.8 per event

* Pile-up suppression with a parametrized Z pT
track-confirmation requirement R,, = T2
pr(jet)
* Applied to all non b-tagged jets with pT < 100 GeV and |n|<3.8
8 [ AmAS smamen 4TV pe190210
L o 4 Analyses typically use factor 50 rejection
5 10" 3.2<n/<38 . :.r' p |
g ° 0."/. -'. % . .
: e 0 ->~0.2 pile-up jet per event
- 102 !.>’,0.0°'.~, ...... ! : L. .
e 1 -> 85-70 % efficiency on hard-scatter jets
1005 065 0.7 075 08 085 09 095

Efficiency for hard-scatter jets

CERNLHCC-2015-020
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A ATLAS ITK Mass Resolution

(ATL-TDR-025 LHCC-017-055)

50.09=
< | —eo— ITk Upgrade (u =200)
0.08— —a— Run-2 Detector (u = 23) Run-2 Detector
- Mean 1245+ 0.0
007E- Sigma 2,697 + 0,013
0.06—
. ATLAS Simulation o O
- ean 124.7 £ 0.0
0.05— Sigma 2.0230.020
0.04 ,
0.03 :
- %o
0.02— ',"O
- o
0.01F o .
| {500 OOI»
Ea’gqgalaafac.)ﬁla()l 1 1 | 1 1 1 1 | 1 1 1 1 | ()Igale
10 115 120 125 130 135 140
m,, [GeV]

Figure 4.38: Signal resolution for H — pu signal events, the Run 2 resolution is compared to the
HL-LHC with pile-up conditions corresponding to () =200.
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A ATLAS Running Conditions

High particle density High integrated radiation dose

r [cm]

total ionising dose [Gy]

4
050 100 150 200 250 300 350 400 10

z [cm]

Detector requirements to maximize benefits from high int. luminosity:
* Replace detector not sustaining integrated radiation dose
* Minimize pile-up effect (high granularity, fast timing)
* Higher trigger acceptance and event rate
* Improve or maintain current detector performances
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Higgs BSM constraints

ATL-PHYS-PUB-2014-016
ATL-PHYS-PUB-2014-017

300, 3000 fb!
<ppu> = 140

2HDM Type | ATLAS Simulation 2HDM Type Il ATLAS Simulation 2HDM Type Il ATLAS Simulation 2HDM Type IV ATLAS Simulation

Exp.95%CLat s=14Tev  Preliminary Exp.95% CLat s=14Tev  Preliminary Exp.95%Clat s=14Tev  Preliminary Exp.95%CLat s=14Tev  Preliminary

— sm : — _sMm ' — sm : — - sM .

T lt-s00 6 Atune,  Combined T lat-s00 it Alune,  Combined " Tldt-soo ™ Alune,  Combined T Jlat=3001" Alune,  Combined

----jet-gooib’ Notheo. R yrZZ WWr ----jlot=300fb! Notheo. oy 22 WW! - Ldt=300f6" Notheo.  h = Y¥.ZZ"WW* - |Ldt=300f6" Notheo. = v1.ZZ"WW*

—— |Ldt=3000 b Allunc. 1 _, zy uetbb —— {Ldt=30001b" :Allunc. 7y 1t bb —— |Lat=3000fb Allunc. , zy i te b —— |Ldt=3000fb™: Allunc.  p , Zy 1 ar b
- = == ]Ldt=3000 fo™ No theo. A - === ]Ldt =3000 fb™": No theo. R

- - -~ ]Ldt=23000 fb": No theo. - === ]Ldt=3000 fb™: No theo.
y T T

(a) Type I (b) Type 1T
(c) Type 111 (d) Type IV

Figure 4: Regions of the (cos(8 — @), tanf) plane of four types of 2HDMs expected to be excluded by
fits to the measured rates of Higgs boson production and decays. The confidence intervals account for
a possible relative sign between different couplings. The expected likelihood contours where —2In A =
6.0, corresponding approximately to 95% CL (20), are indicated assuming the SM Higgs sector. The
light shaded and hashed regions indicate the expected exclusions.
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Analysis Techniques

ATLAS HL-LHC studies have to consider:
e upgraded ATLAS detector + trigger systems
e collision energy, \s = 14 TeV

e high pile-up, <ppu>, of 140 or 200

e We use generator-level Vs = 14 TeV Monte Carlo samples
e Overlay with jets from dedicated pile-up library
pile-up library contains fully simulated pile-up jets with <ppuy> = 140 or 200

e Reconstruct electron, muons, jets, photons and missing-Er from generator+overlay
information

e To simulate the response of the detector:
smear pr and energy of reconstructed physics objects using smearing functions
apply reconstruction efficiencies for electrons, muons and jets

e To emulate triggers: apply trigger efficiency functions
e Smearing and efficiency functions determined from fully-simulated samples
using ATLAS HL-LHC detector and high pile-up
Functions are dependent on pr and 5

e Most analysis presented use single lepton or di-lepton triggers (e, u)
di-z triggers and 4-jet triggers used for particular analyses

e Parametrised b-tagging (based on ATLAS Run 1 MV1 tagger) is performed on
reconstructed jets

e This approach to ATLAS HL-LHC prospects studies has been validated on a
limited number of physics studies comparing full simulation and the

6/30/17 generator-level+smearing technique -



A Higgs Width at HL-LHC

Measure off-shell production of H—ZZ*—4¢ with m(4li)>220 GeV

ATLAS Simulation

- 5 \s=14TeV

T o —gg— H*—-> ZZ (S)
I et —gg—> ZZ (B)

[fb/GeV]
rrll E
PR

Use m(4f) shape and matrix element to
discriminate between signal and background

N
o.
T

do/dm
- 4
o.
_|‘|
I

stat. uncertainties only: poftshen=1.00%023_ 57

10 21

stat.+syst. uncertainties: pofrshen=1.00+043_g 59

e Off-shell production used to constrain m
the Higgs boson width I'u i

| |
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e Run 1 limit: T u< 22.7 MeV at 95% CL (WW, ZZ) o E
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Higgs coupling K-Framework

..— ATL-PHYS-PUB-2014-016

e Assuming I'y is sum of SM widths, calculate uncertainties on Higgs boson couplings.

e Deviations from the SM are quantified using k multiplier, in SMki=1,e.9.:5 2

(0-BR)(99 = H — v7) = osm(9g — H) - BRsu(H —77) - =5
H

ATLAS Simulation Preliminary

1s =14 TeV: [Ldt=300 b ; [Ldt=3000 fb"

e Assume universal modifications to Higgs

] couplings to fermions (kr) and vector

bosons (kv)

L L T T ‘ L ‘ T T ‘ T T T T ‘ L ‘ L I T T
o -
- 13 J.Ldt=300 fo™: Allunc. —— det=3ooo fb™: All unc.
0 R [Ldt = 300 tb™": No theo. ===+ [Ldt = 3000 fb": No theo.
1 257 +  Standard Model
) Combined
n h — vy, ZZ*, WW*
1.1 h > Zy, uy, e, bb

0.9 “ATLAS Simulation
Preliminary 7
. -— 0.8 Exp. 95% CL at Vs = 14 TeV ]
0 005 0.1 0.15 0.2 0.25 08 085 09 085 1 105 11 115
Ady=AG) Ky
> 4

6/30/17 27



A ATLAS HL-LHC Analysis Strategy

* Detector performance of different physics objects (e, W4, y,... ) with MC (Full Sim.)

e Parametrization to provide ‘smeared truth’ simulation to benchmark analysis

* Jets from pile-up events are overlaid on the hard-scatter events

e Signals from interactions in previous bunch crossings are added (calorimeter response)

Inner Tracker + Inner Tracker +

Muon Spectrometer Calorimeter
Extrapolation of Run-1/Run-2 results

Efficiency/
Thresholds
Perforr(r-::!\.;.:cet u* Identification/
- similar detector performance and Physes W | bagging | KRl on |Pieup ejecton  vets | £

analysis approach as Run-1/Run-2 H—

VBF H — 2Z™ - ¢eee
VBF H » WW™ = ¢véy

Detector system Trigger-DAQ | Inner Tracker

v

- Scale signal and background level N
to higher luminosity, c.o.m. energy |susv. - asx y

BSM HH — bbbb v

* Systematics (will have ~“x10 more higgs at HL-LHC than at the end of Run-2)

- Theoretical: from Run1/Run2
- Experimental: scaled to best guess for ATLAS upgraded detector at HL-LHC

AN N N
NN NS
A N Y
DS R NI N

AN N NN
<

* Pile-up suppression (~factor 50) track-confirmation requirement (~0.2 p.u. jets/event)
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Higgs Couplings
A g8 pling

ATLAS Simulation Preliminary
's =14 TeV: [Ldt=300 b ; [Ldt=3000 fo" Run-1 * Extrapolation from

Hoyy  (comb) " 177" T 771 n=1.17+028 . *Run-1 analysis at <p, ;> =140
' (/1™ 0.23)  o(ATL-PHYS-PUB-2014-016)

(VBF-like

(WH-like

(ZH-like

(ttH-like
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(ggF-like)
H—->WW (comb.)
(O]

(1j

(VBF-like

H—oZy (incl.

h (comb.
H— bb (WH-like

(ZH-like
Hott (VBF-like
H—up  (comb.)

P N N —

u=1.46 7040 5
(Ap/n~ 0.24)

1 u=1.18 +0'42-o_37 With 3000 fbt
| (Bu/pn~0.33) * W, Z couplings to 3%
*Muon coupling to 7%

— | | [ S —

*t,b,T couplings to 8-12%
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