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e HL-LHC will start in mid-2025 after ~2.5 years of shutdown

e Levelled luminosity of 5-103% cm2 s
e Average number of pile-up interactions per
bunch crossing <p> = 140

e Expect to collect ~ 300 fb! with LHC and
~3000 fb-" with the HL-LHC
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Experimental Challenges

% High pile-up = detector and trigger

improvements needed

% High radiation level = detector damage

Goal: keep detectors performance at the

same level as today
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ATLAS and CMS detectors must be updated:

1) Deterioration due to aging
2) Cannot handle with <p> = 140

Different technologies will be used in the Phase-1l upgrade, but common strategy:

— Re-visit the L1 trigger logic to keep leptons prthresholds and L1 trigger rates low
— Tracker replacement due to efficiency loss and fake rate increase
— Extension of detectors coverage to increase acceptance and improve performances

ATLAS Upgrade
e New all-Silicon Tracker (ITK)
e Replace calorimeter electronics

e Replace Phase-1 L1 trigger with a two stage
LO/L1 trigger. Use calorimeter information and
tracks to reduce L1 output rate to ~ 200 kHz

* Extension of the coverage to larger n

CMS Upgrade

e New all-Silicon tracker (radiation tolerant,

Solenoid

——————

LHCC-1-023

high granularity, less material)
e New end-cap calorimeters (fast scintillators)
e Muons: complete RPC coverage in forward region
(new RPC/GEM technology)

* Tracker and calorimeters extension to [n| < 4
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The detectors upgrade is not
yet finalized!

Inner pixel layer with extension




HL-LHC will be Higgfr:e 100 million of SM ig_gs boduced

Precision measurements New measurements?
v Signal strengths v Assessment of the top Yukawa coupling via ttH production
v Couplings v New rare decays (H—pp, H—=Zy)

v Higgs boson pair production

Projections studies!” for the Higgs properties measurements based on ECFA2014
realistic/conservative assumptions on the detector performance at HL-LHC 3 :.msom,acksld.s. n 25 oo ]

< <0, 140 eedes
ATLAS (ATL-PHYS-PUB-2013-004): i i
- Full GEANT4 simulation used to evaluate performance TN : 4
- Detector response parametrized and applied at the generator level T e | <
- Systematic uncertainties based on Run I, improvements from statistics. o T

w/ & w/o current theory uncertainties - ATLAS Simulation Preliminary

06400 500 600 700 800 900
SE (event) [GeV]
CMS (arXiv:1307.7135): A Y s -
- Assumes that the upgraded detector will compensate the effects of higher 3 ‘
pile-up and extrapolates Run | event rates
- Two scenario for systematic uncertainties considered:
1) Systematic uncertainties the same as in Run |
2) Theory uncertainties scaled by a factor of 1/2,
experimental uncertainties scale as 1/L

: * Same trackin; _
- efficiency expected -

Tracking efficiency

0 Q0 9 0 0 o0 o0 o o
L M W A U N © ©
T TIT T LT T ITT[T TJIT 1T ]7T
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. pT = 1v0 Ge\( muqns

= Phasei,50PU | *
s+ Phase 2, 140PU

® submitted at the European Strategy for Particle Physics and presented at the _
EFCA HL-LHC workshops ) —
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ATL-PHYS-PUB-2013-014

e 77 decay channel has one of the cleanest final state

>  Oprrrrrr
@ - ATLAS Simulation Preliminary . : -1
o - °
S o  L=300016", (s = 14 TeV | The large number of events in a 3000 fb-! sample allows the study of the
2 | ttH-like category ] Higgs production modes separately (improving the precision on couplings)
c B g . . . .
W 4F §VBF . e Precision of O(10%) or lower on the signal strength is expected by
- EWH ]
5 IZH - both ATLAS and CMS
: :gglF : CMS Simulation 2013 (s=14TeV 1 =3000fp""
oF Background . § - 40
i ] ) 500 - Phase Il Detector - PU140 B §
1;_ B % 400 - I [ Conf-3:H —2ZZ* >4y - =
- . % ~ [ Conf-d:H - ZZ*—> 4 . (In
£00 105 110 115 120 125 130 135 140 300 B Coni:3: ZIZZ - 4 43
m,[GeV] - I Conf-4:2/ZZ - 4p . f
200 — v W
Au/p Total  Stat. Expt. syst. Theory - 10
Production mode 300 fb~* u m i
ggF 0.152 0.066 0053  0.124 100 = =
VBF 0.625 0545 0233 0226 . P
WH 1074 1064 0061  0.085 0 .
fiH 0.535 0516 0038  0.120 M, . [GeV]
Combined 0.125 0042 0044  0.108 , g
3000 fb! Conf-3 = ITK + forward calorimeter
Ve 031 018 0225 0226 Conf-4 = Conf-3 but |n| < 4
WEH 0390 0375 0061  0.085 = These channels can also benefit from an extended eta coverage
ZH 0.532 0526 0038  0.073
1tH 0224 0184 0034 ~ 0.120
ombined 0.100 0016  0.036  0.093 '\

Error is dominated by theoretical uncertainty
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Currently ~25% uncertainty on p

(ATLAS-CONF-2015-007, PHYSICAL REVIEW D89, 092007)
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e Measurement in all the productlon channel is possible ™ "

* In particular, for the associated production modes WH: -and ZH"maoye than 100 events could be observed
H-t Yukawa coupling N T A
§ 300 AITLAIS Slimullatiorl1 PrellimilnaryI ]
ATL-PHYS-PUB-2014-012 ~ N 1 ]
> B JLdt =3000 fbo”, \s=14 TeV 7
Al (%) 5 2oo%%¥#%t.+_+ 4+ 7 Balkoound Rt —
: . . - Tl )
Production mode Statistical ol ttH -1lep ﬁt%f%* wth
- + ¥ '*"_'L_*
S/B~10% } N §
S/B~2O/O } 200~ | —u—B.ackgroylnd subtracted events |
S/B ~2OO/O } %ﬂ%
0 +t + -+ +
., —4— ] —+ — - -+ 4
\‘ 100 120 140 160
‘ m,, [GeV]
§ 60_— ATLAS Slimullatiorl1 PrellimilnaryI N
C e Observation for all > f + e %:%E'g%:: e
the production modes 5 4oi: _____ ++ + + +¥
e Statistics limits the WH/ZH 200 tHH -2le T .
sensitivity even at 3000 fb! i P i
L. 50 —u—Bgckgroynd subtracted events
e CMS expects a precision of %&E’ﬁﬂ!’;&gnal Fi L
~4/8% on the signal strength s . e
with scenario 2/1(CMS-NOTE-13-002) . (GeV]
6
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Events / 20 GeV

e Harsh pile-up conditions = Ermiss and jet

— current categories have a poor S/NB, specific optimization studies needed
(e.g. higher jet pt threshold, even considering that ¢¢ cross section increased
by a factor of ~4 going from 8 TeV to 14 TeV)

e Perspectives based on reconstructed events with 8 TeV, rather than generator

energy resolution degradation

level 14 TeV samples = PDF reweighting used to estrapolate to 14 TeV

* Uncertainty on signal strength p dominated by theoretical error

ATL-PHYS-PUB-2013-014

600~ ATLAS Simulation Preliminary g v mm g’:ﬂer W
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2 1, (u) = 140,0" "(u=140), calib.
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Lyt

ameterization of Ermiss ]

O..

HggF HggF+VBF
-1 0.18 0.14
300 fb 1t0.15 lj0.13
-1 0.16 0.10
3000 fb 1 -:0. 14 1t0.09

Reco,Matched
NRG(X) /N

CMS expects a precision of 4/7% on the signal strength in scenario 2/1

Currently ~21% uncertainty on p
(arXiv:1412.2641, CMS-HIG-14-009)
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(CMS NOTE-13-002)
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‘VHebb (V=W/2Z)

14 TeV PU 50/140

-

>
% CMS Slmulatlon Prellmlnary
b -tagging perfomance will degrade (primary vertex mis-identification, pile-up tracks) § |ttt >30cev <14
S
— new b-tagging approaches and MVA techniques can help 5 posvemger Sl
_'910_1 truePV A o o M
I 2] C improved PV: n
“ € [ ®Phase-l PU=50
{ w [oa Phase-l PU=140"aged g |
ATL PHYS PUB 2014-011 L [ e Phase. PU=140 >
E - ATLAS Slmulatlon E"l')’”o E -8 S
o 2500F Preliminary Dttl oson B 310.2
« - V5= 14TeV, 3000 6, <u> = 140 @ Z+bb B ~
21 [ 2lep, 2 jets, 2 tags, pZ > e WZ+ ]
E, 2000 Flep iots 2iogs pr 200 6e¥ =§:§= = One-lepton | Two-lepton | One+Two-lepton
w - 0z+ . Stat-only Significance 154 11.3 19.1 s
C AUnc. B
15001 E fiss error | +0.07 —0.06 | +0.09 —0.09 |  +0.05 —0.05 i,
000k 1 TTheory-only ity error | +0.00 —0.07 | +0.07 —0.08 | =007 — 00T 1083 b b h e b b s
- ] Significance 2.7 8.4 8.8 b-jet efficiency
500 — Scenario I fiy/Theory error | +0.37 —0.36 | +0.15 —0.15 +0.14 -0.14
- . 10%]JES uncert.fiygTheory error | +0.36 —0.36 | +0.14 —0.12 | +0.12 - 0.12
0 550 Significance 4.7 = 9.6
e [GOV] Scenario Il fi/Theory error | +0.23 —0.22 - +0.13 —0.13
5%]ES uncert. fiwoTheory error | +0.21 —0.21 - +0.11 -0.11

H — 17T

CMS expects a precision of 5/7% on the signal strength in scenario 2/1

ATL- PHYS PUB 2014 018

Extension of tracker

| | o 8 TeV MC samples used

| VBF 74,7, category considered

e projections with new pile-up conditions

forward pile-up jet rejection

50% 15% 90%

would help

forward tracker coverage

CMS expects a precision of 5/8% on the signal

- strength in scenario 2/1

Run-I tracking volume

Il < 3.0

Il < 3.5

e in rejegting fake jets |

M. Trovatelli - WIN2015 10 June 2015
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* Probe the 2nd generation coupling

e High mass resolution

1 * BRO(10*) and high background from Z/y*

' CMS: uncertainty of ~20/24% with scenario 2/1
ATLAS: prospective studies based on the 2012

analysis

§1o1° |ATLAS Simulation Prefiminary lﬁ

o) 109 Vs =14 TeV ll_

S. J’ L dt = 3000 fb™ WH - uy, m =125 GeV )

' [ .ﬁ —<

$ Ly W

‘ AT 10 = WW-— pvuy 1

A

10° -

=

10° RO

S

10* —

(@S]

10° =)

—

2
10°780 100 120 140 160 180 200~
m,, [GeV]

b 300 3000
Nogtt 1510 | 15100
, N 125 | 1250
ATLAS expects observation |y 5| a0
. o N 27 270
Wlth 700- and 21 /O Nan 18 180
1 N 564000 | 5640000
of uncertainty 5 e podl R
| AL (fit) 190 620
A , 750 | 2380
‘ ilgnal significance 23 7.00Y
| < Iu 46% 21%

- M. Trovatelli - 5 une

H— Zy

* Challenging study: high Z+y/Z+jets background
* not-Higgs mediated background
e Measuring its rate can provide insight into BSM physics

ATL-PHYS-PUB-2014-006

> w e
@ ATLAS Slmulatlon ]
©30000 —Prellmlnary — Background
(D N . -
§25000 } — SM Slgnal x 20 {
w C \s=14TeV
200001 1 4t — 3000 b E
15000 i
10000 -
c H—Zy, Z—pp
5000
0 - P T P L PR AR ST NN T WA S NN U ]
80 100 120 140 160 180 200
my, [GeV]

10000

Events / GeV
[o2]
o
o
o

(Bkg - Fit) / GeV
3

(Events - Fit) / GeV

Mass shape fit
e e L B
L —_—
B —“_-—‘.__-l'—""l—._;
Vs =14 TeV — Background
T |Ldt=3000fo" — SM Signal
----- B-only fit

[ ATLAS Simulation

Preliminary

H—Zy, Z—uplee

High P, category

H mﬂﬂﬂﬁﬂﬂ

Z in ee/pp considered, 3.90 expected
CMS expects 20/24% uncertainty with scenario 2/1
ATLAS expects 30% uncertainty
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ATLAS Simulation Prellmlnary
(s =14 TeV: [Ldi=300 b ; [Ldt=3000 fb"

(comb.

(0

(1
(VBF-like

(WH-like
(ZH-like
(ttH-like

(comb.

(VH-like

(ttH-like
(VBF-like
(ggF-like

H—-WW (com(b

(1
(VBF-like

incl.
comb.
(WH-like)
(ZH-like)
VBF-like)|l [— -
combp.
(incl.)
(ttH-like)

Hoyy

H—>ZZ

)
i)
j)
)
)
)
)
)
)
)
)
)
.)
0j)
j)
)

H
H— bb

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

(
—UU

e

Au/u

The hashed areas indicate the
increase of the estimated error
due to current theory
systematic uncertainties
(CERN-2011-002, CERN-2012-002)

New Results
(ATL-PHYS-PUB-2014-016)

/

Different experimental categories considered

comb. = all combined

inclu. = only inclusive result shown
M. Trovatelli - WIN2015 10 June 2015

CMS Projection

| | | | | I | | I | I | | | I | | I |
Expected uncertainties on F— 300fb"at fs =14 TeV Scenario 1
Higgs boson signal strength 1 300fb"at fs =14 TeV Scenario 2
Hovy } !
H— WW f { 6 1 4 O/
- (0
H- 2ZZ f |
H— bb f |
Hott !
| | | | | | | | | 1 | | | | | | 1 |
0.00 0.05 0.10 0.15

CMS NOTE-13-002
CMS Projection

expected uncertainty

| E)ipeclzteé ur;cerltairlltiels Oll'l | I;| |3000I fo"! eln i§I= 14ITev Iscen'am;
Higgs boson signal strength F—1 3000 fb" at f5 = 14 TeV Scenario 2

Hovyy }
H—-> WW f i
H—2Z | | (2 - 8) O/ o
H— bb ; |
Ho1t1t ; !

L I R R T IR S T R

0.00 0.05 0.10 0.15

expected uncertainty
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4+ Use results found above to extract perspectives for the Higgsf\couEIinés \

4+ Coupling fit framework: Coupling deviation from SM
— Zero width approximation parameterized with multiplicative
c-Bloeog— H— k2 k2 modifiers k
(82 ) _k — = [ ojscale as ki?
O-SM(gg_)H).BSM(H%W) Ky

= If no assumptions on the total width only coupling ratios Axy = kx/ky

1‘ ATLAS Simulation Preliminary
| (s = 14 TeV: [Ldt=300 fb™" ; [Ldt=3000 fb

f, CMS Projection
| T T T T T T T T T T T T T T T T éﬁl [ | T T | T T | L
| ExpecI:ted uncertaintiels on — Iaooom"at E=14Tev5ce|nario1 .
! Higgs boson couplings F— 30005 at ¥ = 14 TeV No Theory Unc. ) B |
< Ne
w -
Ky — i 3
KZ : : (4-1 O) O/O E g ............................... ........ ’ ........ .................
! 1 - °q°
Kg - - = O =z T R— - sifive
K : I 1 ; ——— ° (o
: S x s (loopc modifiers
K I — i L o E
K, ., top-H coupling precision o
1 1 ] 1 1 1 | ] 1 :‘110?/0 |Or|. ble-t-lte“ 1 ‘ S
0.00 0.05 0.10 0.15 2
- expecteduncertainty ____ | RN
I e no BSM particles inside lOOpS | A — — — e
FH = Zrl | L 111 | I |
(Model dependent) O 0.05 0.1 0.15 0.2 K0.25
: . Ay =AGE
M. Trovatelli - WIN2015 10 June 2015 (Model independent) A,




e Measuring the Higgs pair production will constraint the Higgs self-coupling, allowing a partial reconstruction of the

Higgs potential = any deviation from SM hint of new physics

e Small cross section +
huge background (top and fakes processes)

T sl ATLASSimulation Preliminary -
g i Vs=14 TeV, 3000 fo" 1
[ MHObH(yy)  =tHy) |
2 20 ™ bbH =iy
£ 20 ol mbey 1 ATLAS expects ~ 8 events
T Others
[ [ i

after selections
corresponding to a signal
significance of 1.30
for the SM scenario

15}

H(bb)H (yy)| ]

10/

200 250
m,, [GeV]
ATL-PHYS-PUB-2014-019

e x
100 150

~ (e.g. use MVA techniques
M. Trovatelli - WIN2015 10 June 2015

ATLAS and CMS are discussing the
nalyses for sensitivity improvement

)

Destructive interference = SM cross section decrease

O = 40,8]‘]9 (Phys. Rev. Lett. 111 (2013) 201801)
Decay Channel | Branching Ratio | Total Yield (3000 fb~!)
bb + bb 33% 40,000
bb+ WtW~— 25% 31,000 (l'%
bb+ 1t 1T 7.3% 8.900 g
Z7Z + bb 3.1% 3,800 B
W*W-+7 | 27% 3,300 E
Z7Z + WHW~ 1.1% 1.300
yy + bb 0.26% 320
vy + Yy 0.0010% 1.2
Physics at the High-Luminosity LHC (2015)
{s=14 TeV, PU=140
LV = L e e L L e
CMS Simulation et i
10° Preliminary ._ . E:‘m
» H(bb)H (7'7) — R CMS expects
(5] St umerianey a signal
o significance
102 of 0.90
10
1
03 0.2 -0.1 0 01 02
BDT
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4+ The HL-LHC will provide a great opportunity for Higgs precision measurements:
4+ ~10% of precision expected for the signal strengths
+ few % of precision expected for the Higgs couplings

4+ The rare ¢tH production cross-section should be measured with an ultimate precision of less
than 10% and accordingly enable precise measurements of the top Yukawa-coupling

4+ New rare processes will become accessible thanks to the 3000 tb-! collected, with the
observation of H=ppy and H—Zy

4 The rare HH production will also be accessible at the HL-LHC

....... and a lot of work-in-progress to add more exciting perspectives to this list

The best is yet to come!

M. Trovatelli - WIN2015 10 June 2015 13
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* Luminosity levelling after the start of each fill = keep luminosity constant for an extended time, by adjusting the

transverse size of the beam B* along the beam trajectory
* Mitigation of pile-up effects O L Charged fraction effective

at reducing pile-up jets

P 10 I I 1 I | 1 I 1 |
ECFA20T14 14 TeV, PU = 140 z [ ATLAS Simulation Preliminary
2o.12f . . N ~ | {s=14 TeV —m (u)=80
ST | CMS Simulation Preliminary g|-Pythias dijets 5 (=80, R _>0.1 _
p : | Anti-k, LCW R=0.4 —a— (u)=140
& 01 No time cut (no PU) L perit- pA>20 GeV, In It~ (W)=140, R 0.1
lﬁ = Time cut (no PU) B d .o t ! l v u=250
0.08 - :l_lt:nt;n;:t e(t:t“((::t')" ;’U) 6_ ]Je Samp e < u=250, Rp'r>0‘1 _
. " —+— =300
_ —o— u=300, R_>0.1 i
006 H—yy ) Tk
0.04| — = :
0.02 : " |
d 2_. s " —
0 AP BTN PP BT cooo@Baadsgdvoeeeo o ol
0 200 400 600 \800 1000 1200 1400 1600 1800 2000 i
Photon'sumEt (GeV) O | ! 1 i | i I ! | 1 1 1 | 1 1 1 |
20 40 60 80 100

precision timing helps Ny

e b-tagging performances crucial for Higgs physics and BSM physics (higher mis-identification probability
for fixed b-tagging probability)

Re-visit the trigger logic: (ATLAS) L1—=L0/L1 hardware design. Only the Rols identified by LO are transferred to the
L1 for further processing = allows LO trigger rate much higher than the actual L1 rate

M. Trovatelli - WIN2015 10 June 2015 16



e The true Ermiss is smeared in x and y using a parametrized function:

E f:‘;“ =F )’Zf;ss’t””e + Gaussian(0 jo (1))

Resolution depending on the pile-up

e Parametrization derived from Z’->ttbar, minimum-bias and di-jet events.
e Ermiss resolution depending on the total 2Et

PU _ frue
2E. " =2FE —2FE;
e Ermiss resolution is than calculated as a function of the 2Et:

1. In the low 2Etregion the resolution is obtained from that minimum bias sample
2. In the high 2E1 region the fit obtained from the Z’->ttbar events is used
3. In the small region between the two regimes, a linear interpolation is used

M. Trovatelli - WIN2015 10 June 2015 17



The H—=ZZ process is sensitive to non SM contributions (0*)

A(H — 7Z)=v" (amie &, + a, £ f O + a £ F O )

loop CP-even  CP- odd contributions (BSM)
contributions

SM tree process

CP violation in the Higgs sector if a3 and a; or a2 # 0

: : o, a
Fit fraction of events = lzla’l d and phase ¢, =arg| — | to the

o , “ la Po+lal o l a
angular distributions o !

_ATL-PHYS-PUB-2013-013 EaliccaulNSILENI AL S

illl!lll!:rllilll!llI!IIIFIII!III!
: H HE : H H : : H
: H HE) : : H : : :

|
'i"|"'|"'|"i"i"i"|"'|"1:"'|"i"i"|"' NN W

N -

.............. V5=14 TeV, L= 300 it" (Scenario A)

2 % A(NLL)

ATLAS Simulation
Preliminary

--- fs=14 TeV, L= 3000 5" {Scenario A)

3000 fb ™" 68%-95% CL
300 b 68%-95% CL

8D Fit

|!|||||||||||||||||||||||| i,r|||| 1 | | i 1 | E |
0 0.1 0.2 0.3 04 0.5 D{] 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 02 022

. f
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e ZH—{ +invisible offers the possibility to search for the invisible branching ratio of the Higgs boson

e signature: 2 pt> 20 GeV leptons + MET > 180 GeV (MET cut is relaxed w.r.t. Run I analysis due to the degradation

of MET performance in the high pile-up conditions

ATL-PHYS-PUB-2013-014

~5% exp. uncertainty
~5% theo. uncertainty

~2-3% uncertainty

> W71 ——— 71— 1 1 1
3 imulati =14 T = !
Expected yields 3001 | 3000 0! S o ‘,’(}.-,f‘;,f;,f,'y"‘” ation fs=147TeV. L at=3000 M
77 1321 %53 | 12000 + 500 ®  E Mo eemucinvisble T Zels
wZ 440 + 2 4501 + 22 g T
Ww 0.9+0.9 52 +21 8 10° I Top quark
Top 127 £37 | 1810 + 440 -g‘/\"‘al AP
Z+jets 172 + 87 | 82000 + 6100 10° e S ()=0.
Signal (125 GeV, BR(H — inv.)=20%) | 154 +2 1379 + 21 &
1
ATL-PHYS-PUB-2013-014 10
BR(H —inv.) limits at 95% (90%) CL | 300 fb~" 3000 fb~' 1
P Reallstlc.: scenano. 23% (19%) | 8.0% (6.7%) 200 300 200 500 600
Conservative scenario . 32% (27%) | 16% (13%) EM™* [GeV]

CMS expects to constrain the BR(inv) to better than 11%
current upper limit is 58% (CMS-HIG-13-030)

e Limits on BR can be interpreted in the context of Dark Matter
particles coupling to Higgs, with a coupling constant Anyy

Study dependent on the spin of the Dark Matter particle

Limit on the Higgs-Dark matter coupling .

M. Trovatelli - WIN2015 10 June 2015
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DM-Higgs coupling (A, or A, /A)
3, 3

| T T I T I I T T I I T T T I I T I T T I T T 1 T I T T I T I _l
| ATLAS Simulation Preliminary ---Expected (90% CL), scalar _|
[~ ZH— ll+invisible ==+ Expected (30% CL), vector
- {s=14 TeV j Ldt = 3000 fb" = *=Expected (90% CL), majorana _
[T A
10.7":. " | I L |....|_
0 10 20 30 40 50 60

DM Mass [GeV]
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Nr.
Theory unc
All None
1 4.2% 2.4%
Ky = Kz = Kw 43% 25_qb

2 |KF=Ki=kKkpb=k:=Ky | 8.8% 7.1%
. (7} . (el

3 4.9% 3.1%
9.3% 7.3%

5.9% 5.3%

4 8.9% 7.2%
12% 12%

4.3% 2.5%

5 11% 7.8%
10% 9.3%

4.3% 2.5%

6 11% 8.1%
12% 11%

20% 19%

8.1% 7.8%

8.5% 8.1%

7 14% 11%
23% 22%

14% 13%

21% 21%

8.1% 7.9%

9.0% 8.6%

22% 20%

23% 22%

8 14% 13%
21% 21%

14% 11%

9.3% 8.9%

24% 24%

ATL-PHYS-PUB-2014-016
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uncertainties on gg— H signal are the most limiting for couplings measurements

20

Nr. | Parameter 300 fb~! 3000 fb~!
Theory unc.: Theory unc.:
Half Half
Kg 89% 7.1% 6.7% 4.1%
9 Ky 49% 4.8% 2.1% 1.8%
KZy 23%  23% 14%  14%
\ BR;. <22% <20% <14% <11%

Minimal model

experimental uncertainties.

Theo. systematics give a sizeable contribution to the total uncert.

ATLAS estimates how much each source of theory uncertainty
would have to be reduced to be small compared to the

Scenario Status Deduced size of uncertainty to increase total uncertainty
2014 || by £10% for 300 fb~! by <10% for 3000 fb~!

Theory uncertainty (%) [10-12] || x5z | 25z | kz | Yz | Az | Az | Ay
99 - H

PDF 8 2 1.3 - -

incl. QCD scale (MHOU) 7 2 1.1 - -

pr shape and 0j — 1j mig. || 10-20 - | 1.5-3 -

1j — 2j mig. 13-28 - - | 3.3-7 -

1j — VBF 2j mig. 18-58 - - - -

VBF 2j — VBF 3j mig. 12-38 - - - -
VBF

PDF 33 - - - -
ttH

PDF 9 - - - 3

incl. QCD scale (MHOU) 8 - - - 2




Minimal model
- It is sensitive to deviations from the SM between the Higgs boson Gauge- and Yukawa-coupling sector
- H—vyy and gg—H loops only depends on kr and Ky, no contributions from BSM

L _I_ T 17T | L | T 17T | L | T 17T | T 11 | L | T 11 | T T |_
¢

1 3l — 68% CL, w/theory —— 95% CL, w/ theory -

[ 68% CL, w/o theory - 95% CL, w/o theory

- 4+ Standard Model n

1.2 -

1.4 —

- -

0.9 —

B ATLAS Simulation Preliminary_

0.8 Vs = 14 TeV, [Ldt =3000 o™ —

L1 1 | I T | | 1L 1 1 1 | 11 1 1 | 1L 1 1 1 | L1 1 | |—

i

95 1 105 14 115 12 125
K

o
o
oL
oo -
-
o
(o)
o
o

\Y
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In ratio of coupling many experimental
systematics cancel

The benchmark model doesn’t make any
assumption on the Higgs Total width

, o,-1,
O'i-B(zeHef)zr—

H

M. Trovatelli - WIN2015 10 June 2015

All  Half None | All  Half None

10 Kyv 73% 67% 6.5% |4.0% 32% 2.9%
Ary 78% 7.4% 72% |3.6% 3.1% 2.9%

KzZ 0.8% 9.1% 89% |5.1% 43% 3.9%

11 Awz 43% 4.0% 39% |23% 18% 1.6%
Apz 0.2% 8.5% 83% |44% 3.7% 3.5%

- 14% 11% 9.7% | 8.7% 5.7% 4.2%

12 Ayvy 04% 83% 79% |5.1% 3.8% 3.2%
Adu 97% 82% 17% | 60% 4.6% 4.0%

Kaq 14% 11% 99% | 8.1% 5.6% 4.5%

13 Avg 0.6% 85% 8.1% | 52% 39% 3.4%
Alg 12% 10% 9.4% |7.3% 6.0% 5.4%

Ker 21% 19% 19% | 17% 15% 15%

14 Avs 11% 11% 11% | 8.5% 7.8% 7.6%
Agr 12% 10% 9.8% | 93% 7.9% 7.4%

Ay 22% 22% 22% | 11% 9.8% 9.6%

Kgz 6.4% 44% 3.5% |57% 33% 2.0%

Awz 529 48% 4.6% |3.1% 24% 2.1%

Aig 17% 16% 15% | 94% 64% 5.0%

Apz 18% 17% 17% | 9.8% 8.1% 7.4%

15 Az 12% 12% 11% | 89% 8.1% 7.8%
Az 20% 20% 20% | 63% 6.2% 6.1%

Agz 13% 11% 10% | 8.7% 5.8% 4.5%

Az 55% 52% 5.1% |26% 20% 1.8%

Azy)z 23% 23% 23% | 14% 14% 14%

Kyy 14% 13% 12% | 6.8% 5.5% 5.0%

Azy 5.5% 52% 5.1% |25% 20% 1.8%

Awy 59% 57% 5.6% |27% 24% 2.2%

Aty 21% 20% 20% | 10% 8.0% 7.0%

Apy 18% 17% 17% | 9.5% 8.0% 7.4%

16 Ary 13% 12% 12% | 8.7% 8.1% 7.9%
Ay 20% 20% 20% | 6.5% 6.2% 6.1%

Agy 13% 12% 11% | 8.5% 59% 4.6%

Azyyy 23% 23% 23% | 14% 14% 14%

910-¥10¢-dNd-SAHd- 11V
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Mass-scaled couplings defmed to determine the mass dependence of the Higgs boson couplings

ATL PHYS PUB 2014 016

mg ' |
Yy = K= with 1L ATLAS Slmulatlon Prellmlnary t .
f= Tt = hoyy, h—ZZ* =41, h>WW*Siviv L. =
V — \//V/Z S — h—1t, hobb, hpp, h—Zy L -
- 1 (K7, Ky K Ky, Ky Ky W

Yv = « v 107 = 3
v = 8V, - BR, =0 3
- b . ]
= ; =
= T \s =14 TeV =
couplings are proportional to - T — [Ldt =300 16" .
the mass of the particle B —
= 0 — [Ldt=3000fb" 3
- A .
e +H HH-H - - .
s 125_ T —g
» 11 + =
O - -
T e S E—— B
T 0.9¢ I3
T o08: =

10™ 1 10 10°
m. [GeV]
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1) No uncertainties at all

| 2) Estimate the maximum theory uncertainty compatible
. with <10% increase of total uncertainty

M. Trovatelli - WIN2015 10 June 2015

ATL-PHYS-PUB-2013-014

Scenario Status Deduced size of uncertainty to increase total uncertainty
2014 || by <10% for 300 fb! by <10% for 3000 fb™!

Theory uncertainty (%) [10-12] || gz | Agz Ayz Kgz | Ayz Agz Az | Ay
g9 — H

PDF 8 2 - - 1.3 - - - -

incl. QCD scale (MHOU) 7 2 - - 1.1 - - - -

pr shape and 0j — 1j mig. | 10-20 - | 3.5-7 - - | 1.5-3 - - -

1j — 2j mig. 13-28 - - 6.5-14 || - | 3.3-7 - - -

1j — VBF 2j mig. 18-58 - - - - - 6-19 | - -

VBF 2j — VBF 3j mig. 12-38 - - - - - - | 619 -
VBF

PDF 3.3 - - - - - 2.8 - -
ttH

PDF 9 - - - - - - - 3

incl. QCD scale (MHOU) 8 - - - - - - - 2

Table 6: Estimation of the deduced size of theory uncertainties, in percent (%), for different Higgs
coupling measurements in the generic Model 15 from Table 5, requiring that each source of theory
systematic uncertainty affects the measurement by less than 30% of the total experimental uncertainty
and hence increase the total uncertainty by less than 10%. A dash “-” indicates that the theory uncertainty
from existing calculations [10-12] is already sufficiently small to fulfill the condition above for some
measurements. The same applies to theory uncertainties not mentioned in the table for any measurement.
The impact of the jet-bin and pr related uncertainties in gg — H depends on analysis selections and
hence no single number can be quoted. Therefore the range of uncertainty values used in the different
analysis is shown.
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e Higgs natural width ~ 4.2 MeV << than detector resolution

* Upper limits on 'y through interference between H—Yyy and the continuum gg—Yyy background

(Phys. Rev. Lett. 111, 111802)
ATL-PHYS-PUB-2013-014

= 4 4
g - imulation Prelimi | p. <30GeV s °r 3 -
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ECFA2014

V=14 TeV, PU=140 ¥5=14 TeV, PU=140

g 04 CMS Phase Il, Delphes | 5 006§ CMS Phase I, Delphes
R Preliminary c/; 06 =Preliminary —— tt — bblvly
goolzl —— tt — bblvlv ‘g 0'052_ -++=+ HH — bblvly
e ~30000 events expected Tl |1 <onf ‘
. . 0.06 HH — bblvlv 0.03 :_
e Based on Delphes fast simulation tuned to o
CMS Phase Il detector e o T |
e Only main ttbar background considered A
e Neural Network discriminant from kinematic variables
ys=14 TeV, PU=140 08— 3000 fb”, ys=14 TeV, PU=140
% 0.12 - CMS Phase II, Delphes f ::j - CMS Phase II, Delphes
w2 " Preliminary -5 0.7 ~Prefiminary
> L = C
§ 0.1 2 0.6F
g 0.08— — tt — bblvlv T 0_5f
0.06 — A
: e HH — bblviv NN > .0.97 qud§ to a 40% 045
004f- signal efficiency 03F ]
0.02F- while rejecting 99.73% 0.2
of the background o1f j
b2 1 1.2 0 0.01 0.02 0.03 0.04 0.05

Neural Network Output

Cross section upper limit as a function

of the background systematic uncertainties
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3000 fb™', Vs=14 TeV, PU=140
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-
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o 3 &
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tt efficiency

Sensitive to large deviations w.r.t. SM

26



* Direct access to the product of the top- and the p-Yukawa coupling

e Determination of the CP nature of the resonance at 125 GeV. The CP odd could be
suppressed with a vector boson coupling in the initial or final state, but in this
channel only fermion Yukawa couplings involved.

e Signal sample with CP even and CP odd are generated. ATL-PHYS-PUB-2013-014
> L L B B T
§ 700 ATLAS Simulation Preliminary
5 o is =14 TeV
§ 500 | Ldt =3000 fo" ~ttH
400 Bitz

~33 signal events

300
~22 background events

200

100
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