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| HC status

2016

Record instantaneous luminosity for p-p interactions
1.4%1034 cm-2g-1
Record delivered luminosity in one day ~ 613.1 pb-!

Record delivered luminosity in one year ~ 40 b’

Maximum colliding bunches 2208, (96 per injection)

2017

- Record instantaneous luminosity for p-p interactions
1.46x103%% cm-2s-1

- Record delivered luminosity in one day ~ 530.3 pb-’

SPS beam dump replaced during winter shutdown,
allowing more bunch per injection, 144 (288) respect to 96.

- Maximum colliding bunches 2448

o
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ATLAS detector

=A-TR

25m

Tile calorimeters

LAr hadronic end-cap and
_forward calorimeters

Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiafion fracker
Semiconductor tracker
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Detector status in 2017

wm

Approximate operational fraction
0.92 0.94 0.96 0.98

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile Calorimeter

Hadronic End-Cap LAr Calorimeter
Forward LAr Calorimeter

LVL1 Calo Trigger

LVL1 Muon RPC Trigger

LVL1 Muon TGC Trigger

MDT Muon Drift Tubes

CSC Cathode Strip Chambers
RPC Barrel Muon Chambers

TGC End-Cap Muon Chambers
ALFA
AFP
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Trigger Efficiency

Trigger and reconstruciton
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Let’s go to the meat...
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Why Higgs physics 7
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Why Higgs physics 7
The Standard Model
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Why Higgs physics 7
The Standard Model
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Why Higgs physics 7
The Standard Model
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Why Higgs physics 7
The Standard Model

L J—
1 187 1 Wwea T/ nra 1 a ura
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The Higgs sector is the most unknown piece of the SM, it is where new physics
effects could be hidden
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Higgs production and decay

V = Vector: W,Z; f = fermions: b,t

. V,f V,f .
g H H V,t
g | L. g L
V,f Vf VA
ggF' production VBF production VH production ttH production
T EE t £ | | | | I
= Vs=13TeV 3¢ o BN
= =3 S5 e
= S
= =3 2107 3
— —] +
L ] o
= 5 0
- - n
- _ 310?
= = T
- - 10‘3
§_ E 10-4 L L L | L L L | L L L L L L | L L L L L L
5 ] L A\ : 80 100 120 140 160 180 200
10 20 30 100 200 1000 2000 M, [GeV]
M, [GeV]

Run1 ggF cross section computed at NNLO + NNLL, big effort from theory community in the last years
to compute N3LO results, the baseline for Run2, +10% increase in ggF xs;
resummation doesn’'t add much on top of N3LO
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Higgs at Run-1 discovery Phys. Lett. B 716 (2012) 1
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i raee e discovered in the bosonic decay channels
Combined = vy low S/B but optimum invariant mass resolution, WW better
Foom fiassa sem W=14%03 - . . .
R B B L S/B but poor mass resolution, ZZ optimum mass resolution

-1 0 1
Signal strength (u)

and very high S/B, but low event yield
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h—vyy Run-1 observation

Phys. Rev. D90, 112015

>

Signal strength summary
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B. D1 Micco

Higgs physics at ATLAS

QFTHEP 2017-Yaroslavi




h—ZZ—4l Run1 observation

Phys. Rev. D91, 012006

 very clean signal signature with S/B > 1

q Z |+ |+ q -g- -< |+
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h—=>WW = |viv Phys. Rev. D92, 012006
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2 b-jets. b D
analysis performed in jet bins and b-jet
bins to reject top background : _ |
o117 P10/ momen- rr_we|1>;|mal parity
30 - b) All jets, e c) bjets, e : tum  VIO&tion
I () All) H ) b) H _ Spin ,‘e (the charged leptons
c i ' — > go in the direction of
— i g _I_ -
2 20 r . w - M the spin. The anti-
*% - V l+ y Z_ V lepton opposite to it).
Lﬁ 10 -
1 The small angle between the two leptons imply
. 1 small value of the di-lepton invariant mass mi
0 == 1| — == 1 T ' and azimuthal angle A®,
O 12 3 4 5 6 7 0 12 3 4 5 6 7
n, n,

O-jet dominated by WW bkg. The transverse mass is defined my = \/(Eéf + P"Vry)z _ éf _l_p,%y|2

1,2-jet by top background to exploit sensitivity to the Higgs
mass value
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h—WW~—lvlv categorisation and result
Phys. Rev. D92, 012006
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h—=WW~ —|vlv VBF evidence and couplings

Phys. Rev. D92, 012006

45 v ‘
T ATLAS H —» WW - . .
: I &4 w2 > 30 evidence for VBF production,
8E = -8TeV.2030" 3 .
; 39 s ham the only channel in Run-1
: (O] 3:
< 6f £ ] :
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' : ] & 2f
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0 - L o
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h—=T1+1- @Run-1

JHEP 04 (2015) 117

i three prongs 3 gyent categories: Thadthad, TiepThad, Tiep Tiep
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m=MC di-tau invariant mass computed using 102k R . | — i
Missing Mass Calculator algorithm taking 10°F e P i
X,y,Z component of each neutrino and myy, find 104k § - .
. . . E EN E N e
the most likely configuration among those - 7° A NG
- o -
allowed by the measured constraints B e ] SRR
1000 110 120 130 140 150 410 1 2 3 4 5 6 7
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Higgs ATLAS Run-1 combination

ATLAS Input measurements
Individual analysis
y t1s0npu
m,, (GeV)
Overall: pu = 1.17jg'§_7, 125.4 . . l-—o—| .
H— vy ggF: 1 =132"0% 125 4 S SN
VBF: 1 =087 1254 Z ——t—
WH: i =1.0"7% 1254 B S—
ZH:u =012 1254 ; \
= 1.4470%0 [125.36 T i
H _ 77+ Overall: 1.44_0_33 : : :
ggF+tH: 1 =1.7°0% 1125 36 ; : L
L _ a6 . . : .
VBFrVH:u =03 5 l125.36] e e s
Overall: p = 1.16'%2* | 125 36 : : Foert -
H — Ww* s P
ggF: u = 09872 |125.36 o
VBF: u = 1.28fgj§ 125.36 i
VH: 1 =3.0"% 12536 S
Overall: pu = 1.43°04% |125.36 ——
H- tt o :
ggF:n=20"" 112536 i :
- +0.59 : .
VBF*VH: = 1247030 |55 56| i e
_ Overall: p =0.52704 |125.36 i :
VH — Vbb 00 1 .
WH:p = 111777 (125 L e—
A +0.52 . : .
ZH: =005 | K i
H— pp Overall:u=-0.7j2:; 125.5
H— 2y Overall: u =2.7%% |125.5
bb: p = 1.571 [125 ———
ttH H= Ty : :
Multilepton: p = 2.11‘21 125 : K
A +2.62 ) :
TS lizsa | T ——
L. 1. [
-2 0 2

Vs=7TeV, 4547

Vs=8TeV, 20.3 b

Signal strength (u)

'I
';'u
e
=<

Eur. Phys. J. C (2016) 76

ATLAS
68% CL: meeliemm \/S=7TeV,45-47fH"
95%CL: ———  4/s=8TeV,20.3f""
L L N e
0.23
Hggr = 1.28107 5
IJVBF= 1.23+£0.32 _E*—
Uyy=080+036| — it
Mgy = 1.81 £0.80 : -
: my = 125.36 GeV
| 1 [ |

0””0.5””1””1.5' 2””2.5””3
Signal strength (u)

w 4 [ T | T T T | T T T | T T I I T T T I T T T I T [ T T T
¢ L |
- ATLAS -
3 Vs=7TeV,454.7" —
- Vs=8TeV, 20.3 " .
2 m, = 125.36 GeV —
¥ - -

CIH- vy
CH-2zz
C1H— wwe
[ TH-> 1t

[ 1H—-bb
[ Combined

7T

-3 * SM — 68% CL

+ Bestfit =--95% CL
g [y e by e ey by ey
04 0.6 0.8 1 1.2 1.4 1.6

(a)
observation of: vy, WW, ZZ decays
strong evidence of: TT decay
observation of ggF production mode, evidence of VBF

= IIII|IIII|IIII|II

A
<
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=
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Higgs spin and parity determination

—
=

Eur. Phys. J. C (2015) 75
.= 0.14>_ I v v T - 2‘0.25’- LB l' LI ] T ] LA ] L I L ]' L IPUI ' ] LR I L l-‘
. . " 2 imulati | € | ATLAS —F=0 -
- ATLAS Simulation B N
Spin and parity sensitivity 8 012" e 1 o 0of Vs=8TeV,20.31b" —F=0 B
through angular sensitive S g 'S8TV o, 1 o Tp HoWWLn=0ep  _pata -
- . S 0T prqosGev PR & -
variables: z P 2% 2 015" | | 3
mi (WW), mi2, mas for ZZ < 0.08; €70 -
0.06 : 2 0 13 E
WW,ZZ: 0+,0- sensitivity 0.04! § T -
0-2 sensitivity dominated by 002! 0.05" -
WW:YY ' B ]
PR SRR B PR | ‘ - .
® 02 04 06 08 1 - UGS &
q
-5 [ L BLANL L B BNLIL L B L L BN L | s T
3§ 4oL ATLAS H- 22" -4l '§ H— 22" -4l '
T 3 sa7ToV, 450" = 5 7TV A4S "
3 [ —— Data s=8TeV, 203 8" E o =8 TeV. 203 15"
€ 1 —— 0'SM H - wWw* uv e H " evuv
g S wnanes 0 s-anv.zo.s::‘ o g ,:rma:' i
3 107 B H- Ty ,
< E < S«7TeV, 450
s=8TeV, 203 M6
102
107 :
All spin and parity hypotheses 0 F
different than the SM one are st -
excluded at > 99.9% C.L %0 20 30
q
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Higgs updates from Run-2

Many new results just going to be shown at EPS-2017, in 2 weeks from now,
stay tuned!!

Here I'll summarise what came out from Run-2 up to now..., more details
about couplings in Karri Folan Di Petrillo this afternoon in parallel session A

SN
2

| | | | | | | | | | |

ATLAS Online Luminosity
e 2011 pp Y8 =7 TeV
— 2012 pp V{s=8TeV
w— 2015 pp {s=13TeV
w2016 pp Vs =13 TeV
e 2017 pp Vs =13 TeV

W H
a O

N N
S O

llllllllllllllllllIlllllllllllllllIlIIlIllll

Delivered Luminosity [fb™
w
o

b
O

lllllllIllllllllllIIIlllIllllIlllIIlIllIllll
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8
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g_
O | |
yan X AN oct

Month in Year
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Higgs at Run-2 yy

=

ATLAS-CONF-2016-067

e The Higgs boson couples at tree-level only with massive particles

e decay to yy mediated by loop of massive charged particles (W,t)

e pbackground dominated by non-resonant Yy production and y-jet
with a jet faking a photon

e event sample divided in sub-categories to exploit optimal S/B ratio
and different production modes: ggF, VBF, W,Zh, tth

e use of prt variable to further separate signal from non resonant
background

ggH VBF WH ZH iiH bbH tH b ‘WH
Category (%)  f(%) (%)  f(%) (%)  f(%) (%)  f(%) (%)  f(%) (%)  f(%) (%)  f(%) (%)  f(%)
Central low-pr; 127 927 6.9 3.9 6.3 1.3 6.0 0.8 35 0.3 142 1.0 4.6 0.1 3.3 0.0
Central high-pr, 1.2 78.2 2.4 12.8 2.1 4.0 1.8 2.2 2.9 2.0 0.4 0.3 3.7 0.4 5.1 0.2
Forward low-pr, 220 921 12.5 4.1 13.0 1.5 12.7 1.0 5.1 0.2 24.9 1.0 9.5 0.1 4.8 0.0
Forward high-pry 1.9 76.8 4.1 13.4 3.9 4.6 3.7 2.8 3.6 1.5 0.8 0.3 6.6 0.4 4.8 0.1
VBF loose 0.5 46.3 7.3 51.6 0.2 0.6 0.2 0.4 0.3 0.3 0.4 0.3 3.4 0.5 0.6 0.0
VBEF tight 0.1 23.8 5.4 75.5 0.0 0.1 0.0 0.1 0.0 0.1 0.0 0.0 1.2 0.3 0.1 0.0
VH hadronic loose 0.4 64.6 0.4 4.3 3.9 16.5 4.1 11.0 1.7 2.6 0.5 0.6 1.0 0.2 2.2 0.2
VH hadronic tight 0.1 48.9 0.1 2.5 1.8 28.1 1.6 16.9 0.5 3.1 0.0 0.1 0.3 0.2 0.7 0.2
VH EXiss 0.0 2.4 0.0 0.6 0.6 28.5 1.9 55.8 0.6 10.9 0.0 0.0 0.3 0.7 1.2 1.0
VH one-lepton 0.0 0.2 0.0 0.0 1.3 83.7 0.1 3.0 0.4 10.4 0.0 0.0 0.4 1.3 1.1 1.3
VH dilepton 0.0 0.0 0.0 0.0 0.0 0.0 1.2 95.1 0.1 45 0.0 0.0 0.0 0.0 0.2 0.4
17H hadronic 0.0 3.8 0.0 0.5 0.0 0.3 0.1 0.8 115  88.1 0.0 0.2 2.2 2.5 10.1 3.8
17H leptonic 0.0 0.3 0.0 0.1 0.0 0.7 0.0 0.4 8.4 89.3 0.0 0.2 3.1 4.8 8.3 4.3
Total efficiency (%)  38.9 - 39.2 - 332 - 335 - 38.6 - 412 - 36.2 - 431 -
Events 568.8 446 137 8.9 5.9 5.6 0.8 0.3
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h—vyy, p1t categorisation

=AITR

an example . thrust axis "A’Q  The thrust axis is defined as the axis that maximises the
from e+e'?@/ g projections of all produced particle momenta in the interaction
. / T
e it defines the direction of the soft event shape in pp collision
_ / O + (underlying event and initial state radiation will be mainly
c € directed along the thrust axis of the event)
beam pipe 7 &\ hemisphere b
g e ggF production has typically harder recoiling jets than g
N production, therefore the produced Higgs boson will present
O//’ ’l \\
K hemisphere a harder pr
7~
Vs
S,
oy,
%, 0.1 T -
0.09 & S o ATLAS =
~ 0.08 ' JLdt=20.3 b, (s=8TeV =
8 0.07 ;— H—-yy, m, =125 GeV —i
fﬁ 0.06 i— — WH+ZH —i
%" 0.05 — ggF+VBF+ttH E
p h- — yy+vj+j, MC E
; 0'045 -<4-Data, sidebands =
= 0.03F =
0.02 - =
0.01F =
0 L | o ’ — -
0 50 100 150 200 250 300
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h—yy update 13 tb!

ATLAS-CONF-2016-067

e same analysis strategy and categorisation as Run-1

, . . =z 15—
e profit of the higher ggF xs to reach same Run-1 accuracy with 3 ATLAS Prolminar LS
] f . i q;i data, tot. unc. [] syst. unc. - + A
less Integrated luminosity:  OggF. 19 pb (8 TeV)— 49 pb (13 TeV) S [Heyr (s=13Tev, 13310 fpn=tio
. . . . . ) o -- = + + 1
e focus on signal properties: simplified xs and differential 2 1
. . . 5
distributions °
> e I L L B 0.5- .
8 2O o Data ATLAS Preliminary - < < s
g 180:— ------ g%%kagrgu;:ckground H_,‘/g::n3 161\/2’513522\1, _: | | . | | | |
E’) 160 Signal s/B z\;{;igﬁt;d 'su.m of _i ‘[41:’-1':?_ Ii’/r(jgrgl];l)ﬁry —e— Total - "
W140_— event categories ] B S= eviiesto iafaalinh EPEE A BN Epyey Fgm== l-rrgd===—=bkro-
- . c O/
120 E L o : m, =025 "o5 i ol |
100 — g :
| S it 3 M- ° by =028 17 S 1%?
60— = Moge —e—— W, =224 7 Sl .
40— — 0 20 40 60 80 100 120 140 160 180 20
20 3 Mggn e Moy =059 o5 pY [GeV]
K R ' [ . =085 02 | £ [ATIAS prelminary | mu-12500Gev
__g . Aun-2 © |4 data, tot. unc. []syst. unc. = N3LO + XH
S 2 4 0 1 2 3 4 5 2 ! B ponnen Ao it
Signal Strength aoF | -!-T(EILS;J/EB-II—::)\(ZI-I+ttH_-
L anti k, R =0.4, p_>30 GeV]
I o tEE |
— +30 . . . , 20 - B
Tgqn X BUH = vy) 03 2 o Simplified cross sections, measured in a - _
_ +0. . . . o LT o_[°¢ .
over X B(H —yy) = 178 Z55 b fiducial volume closer to the analysis R OO P s s -0
. . . 2r
ovhep X B(H - yy) = 1.0 73 b acceptance: |yH| < 2.5, VH distinguished g .
v X B(H — yy) = —23 *8 i between hadronic and leptonic decays of = e
2 0of
o X B(H - yy) = -03 771 the vector boson V : 7 ¥ =3
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h—/Z/Z update 15 fb-'couplings

ATLAS-CONF-2016-079

* kavv and knyv scalar and pseudo-scalar ‘ i
interactions with VV, sensitivity from VH 4 fffffffffffffffffffffffffffff i
and VBF production modes | -

e coupling results with 15 fb-1, probably contribution of BSM physics altering the h -> VV coupling,
going to be updated with ~40 fb-1 at Anp = 1TeV (intringuing ~20 effect , need to stay tuned)
EPS’ 312_"'|"'|"'|"'|"'|"'|"'|"';_ S L L B B LR O 2

T | ATLAS Preliminary L :,-"- E" - Al_TLAS Preliminary L .

| | | 310__ H s 77 4l Observed _ 310_— H":‘_a 775 s 4l Observed : R

¢ inclusive results with 36.1 fb-1, see next [ BTev,tasn’ Expocted | | [ ostevesn! Expected | -
S||de, 8_— - } ! -
o : :

III|III|III]“I"-!-L'II.-J-'}"‘I’II

%6 4 =2 o0 2

Event categorisation similar at Run-1

K
(s=13 TeV, 13.3 o (vy), 14.8 fo™' (Z2) N T T—T—r—y——r—r—r=—
w - , : 3
-e- Observed 68% CL ~ SM Prediction -~ ATLAS Preliminary :
Pr>30GeV | 25-H22" >4 .
2 or more jets CH: —— [ MATGASAR ' .
2: m,, = 125.09 GeV ]
>=1 leptons jet ljet m,<120 GeV >120 GeV - - T :
tpone | [ o ][] [memncev ] [mpitocev ] , q
1.5 n
Discriminant | | Discriminant | | Discriminant || pioeriminant I + Best fit
Just counting | | BDT-ZZ BDT-1j BDT2jVH BDT-2jVBF B'/B™| == - —68% CL
1+ -+ 95% CL
BDT_22: BDT 1jet: BDT 2jet_VH: BDT_2jet_VBF: B 1 i o SM
* Prw " Py * P * Pws
¢ Ne *n * P " P
+ KD= *+ ARy . n:: * Prwi / 0.5+ ]
Iogl.\"'“‘.,f " A'l.. « An, OVBF OggF e
ME,,) * A * Ang
* ml " "1” [ A ‘ A A 1 A A A A l . A ‘I a A A A ]
* min(AR,) * min(AR,) oo b b b | % 0.5 1 1.5 2

0 1 2 3 4 5
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h—/Z/Z update 36 tb-'fiducial cross section
ATLAS-CONF-2017-032

> A1I'LASIP Ilj"_'l' AR AL AL AR T o ATLAS Proiminary Eloa{a ' .
. . . ; relimina :a . _- o) O H—»ZZ" -4 . Syst. uncertainties -]
e analysis performed without production mode @ 1. 7 L T A L
1 14V, L e —]
Categorisation; < | BRV.MI0 Emﬁwzom.d : 25 S VAR
©® 40+ %4 Uncenainty . " p-value NNLOPS = 41% ’
§ : 1.5 :_p-value MG5 FxFx = 54% + _:
e focus on differential distributions and fiducial % = - I%] E
Cross sections o b A E
sF at _ ]
— +0.53 +0.25 S ——
oha = 3.627( 50 (stat) [g:50(sys) fb . . ]
[ I ’
OsSM — 2.91 +0.131b 5 Ll . i 1E J-2
0 ()] 0.5 . . . . =
80 90 100 110120 130 140 150 160 170 bin 0 bin 1 bin 2 bing  bind
%' 0.14F ATILAS Plrelimirllary | _.I_Datla | | | — my, [GeV]
(O] L H—>ZZ* - 4] [ ] Syst. uncertainties i
8 o WEIN e
Er_ 0 1:_ B MGS FxFx k = 1.47, +XH ] d | f 0.8
T N = +WH+ZH+ttH+ — - . T T L L
'c\% - o XZ-veﬁZ mLcZ)gan;?/i ] M12, M34 USE . to extract left- . I ATLIAS PrelliminaryI |
.8 0'08:_ p-value MG5 Fxe=42%_: handed and rlght-haﬂded - H—>27" — 4 — 95% CL Obs
— p-value HRes = 21% n . : 0.6~ 13TeV, 361 *35'\"0/ CL Ex
0.06- T E effective couplings to ; OB
0.04 ;—l 1 I* “““ _; |ep tons o
- |A + ] - - B
0_ e + oo "ﬁ\\\?\\ﬁ{\i\ 1<<:«A-L.*’J . 8 | R | L 02_
T T T i R £ I
> 250 - N L
o +. + -
: \ I | i v S
L ETRTRTRTRLS 8 |_ W
(@) 0.5 I = R 0.2
0 10 15 20 30 45 60 80 120 200 350 ' Y SV S :
+ -04 -0.2 0 0.2
pT,4l [GeV] | L |+R €L
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h—=\WW status @Run?

ATLAS-CONF-2016-112

=——=ROM!/
AR

* analysis performed only in the VBF and VH final state, @ N2OpT T T T T
: > - ATLAS Preliminary DWa+je:ets -’ZHe(tSSys) ]
due to the complexity of the fake background 2 100 is-13Tev,58m"  LiTop Bother W
. . . . . o B H—>WW*—>6M+M9 B ww [ JOther Higgs ]
estimation in ggF that needs more careful evaluation; e Wi o OHee ]
. o : VBF BDT distribution -
e integrated luminosity 5.8 fb-7; =z~ R g
e difference respect to Run-1: cut and count analysis for D :
VH only in the 3-lepton channel, no SF channel for VBF ... .
-o.é'-'o'.é'-'o.zi'-'o.é"o' 02 04 06 o8 1
BDT score

< 350 o £ 800 | | | | | T -

2 : ATLAS Prellmlnary +Data Sy ] g 200F. ATLAS Preliminary g7 oo 3

£ 300 5-13Tev, 5.81 b %f*’ets =Z:f'tsw = £ - {s=13TeV,5.81 fb" v [ Top -

L%’ osok HoWW —eppie (VBF) .V;’va = o ogs L%’ 600~ WH—WWW —lviviv [ Otner Higgs [ WH =

VBF ~ 20 : N 1 2 , E

150 ‘g 15 . - ‘g 3

1 OO f_ P rrrrrry § 1 O ] E § _g

50 - % 5 s j

0 Top c Z=w CR _0_8<§,|3RT1<0_7 BDTSIE% ORa  CRb CRc  CRc ORT  GRs SR SR
Fit regions u Fit regic;ns
+1 +0.6
puvpr = 177 (Stat) 4(8ys) ovBr - B ww+ = 14708 (stat) ™93 (sys) pb
+3 +2 3
uwrl = 3.2775 5(stat) “5 5 (sys) 1 .
owr - B ww+ = 0.97 y(stat)T) L (sys) pb
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h—=bb @Run?

ATLAS-CONF-2016-091

0w QP ETTTTTTTTTT T T T T T T T T T T
i 2 ATLAS Prelimi ~e-Data
analysis based on ety i SR AR
categorisation in number of 2 S
mm Single top
leptons and BDT 107 —Pnirwpat
V=W,Z
VH production
Categories
Main backgrounds: Channel pa— Ge\z/ b—taggedjet;v I
TOp; V+bb’ V+Jet8; WZ’ andele 2jets | 3jets | > 3jets | 2jets | 3jets | > 3 jets
0-lepton - - - BDT | BDT -
Typically low S/B ratio: I-lepton | - - - BDT | BDT - =
_ 2-lepton | BDT - BDT | BDT - BDT )
0.002-0.02 R Sy PO e S S DU PO ST BRI
a 4 35 3 25 2 15 1 05 0 05
1.4 0 observed 109,(5/8)
Run-1results:
2.6 0 expected ATLAS Preliminary (s=13 TeV, [Ldt= 13.2 b
L L L L L L I L B
Run-2 results ™ |
— Stat. Tot. ( Stat. Syst.)
Limit Do Significance
. L : Dataset 0.15+067 (+0.49 +0.45)
still missing evidence Exp.  Obs. | Exp. Obs. | Exp.  Obs. ZHE ke 197 06a (Z047 —044)
of bb up to now, O-lepton | 1.4%9¢ 2.0 | 0.07 0.15 | 1.45 1.02
results going to pe I-lepton | 2.070% 2.1 | 0.15 0.46 | 1.04 0.10 WHE  H—e—H 0.337 095 (+068 +0.68) —
updated soon with 2-lepton | 1.8*97 1.7 | 0.13 0.57 | 1.14 -0.17
full 2016 statistics Combined | 1.0704 1.2 | 0.03 034 | 1.94 042  Combinaton|- ke 0217051 (+035 +038) -
=7-0.5 -0.35 -0.
L

Best fit u=c/c_  for m ;=125 GeV
SM
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ttH motivation
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E>|> 1:_"| T T : T
P f;l&ASu?]n? chs Run-1 fit to Higgs production and decay shows a clear coupling to
5 [ top, can we say to have observed top coupling?

ELL> 107'F E
lm _ V.f

4 t ‘~
10721 E . g YtH }
z h—tt coupling {:l
¢ ATLAS+CMS T .
BRI - SM Higgs boson (sc. factor to SM coupling) B
E — [M, ¢] fit 1
[ ]68% CL . V,f
Jo9s%CL ggF production
10%E4
107" 1 10 102 me X hy (VEV) = ythftM (VEV) 1/mi~ 1/yi

Particle mass [GeV]

The values of the ggF xs is barely sensitive to top coupling,
due to the cancellation between the m: dependence of the loop
and the Higgs coupling to the top

V,t
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ttH motivation

—
=

> T oo T TTTT oo T rTTT
> 1t ATLAS and CMS
< | LHC Run 1

Run-1 fit to Higgs production and decay shows a clear coupling to
top, can we say to have observed top coupling?

Vi

C‘;
V£

QyQH

h—tt coupling
¢ ATLAS+CMS :
_______ SM Higgs boson | (sc. factor to SM coupling)

1073 ¢ _
: — [M, ¢] fit

[ 68% CL )
] 95% CL ggF production

10%E8
10 1 10 102 me o< Nyt <VEV> = ythftM <VEV> 1/mq ~ 1/YQ

Particle mass [GeV]

What if an unknown heavy quark Q were running
in the loop instead of top?
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ttH motivation

—
=

> T oo T TTTT oo T rTTT
£ > 17 ATLAS and CMS
< - LHC Run 1

Run-1 fit to Higgs production and decay shows a clear coupling to
top, can we say to have observed top coupling?

Vi

C‘;
V£

QyQH

1072 3

h—tt coupling
(sc. factor to SM coupling)

¢ ATLAS+CMS ]
------- SM Higgs boson |

107 —— [M, ¢] fit
[ 68% CL )
Jo9s%CL ggF production
10%E8
10 1 10 102 me o< Nyt <VEV> = ythftM <VEV> 1/mq ~ 1/YQ

Particle mass [GeV]

What if an unknown heavy quark Q were running
in the loop instead of top?

The cancellation would hold as well and coupling
results would not change much
(at least with the present precision)
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ttH motivation

> T oo T TTTT oo T rTTT
£ > 17 ATLAS and CMS
< - LHC Run 1

Run-1 fit to Higgs production and decay shows a clear coupling to
top, can we say to have observed top coupling?

Vi

C‘;
V£

QyQH

1072 3

h—tt coupling
(sc. factor to SM coupling)

¢ ATLAS+CMS ]
------- SM Higgs boson |

107 —— [M, ¢] fit
[ 68% CL )
Jo9s%CL ggF production
10%E8
10 1 10 102 me o< Nyt <VEV> = ythftM <VEV> 1/mq ~ 1/YQ

Particle mass [GeV]

What if an unknown heavy quark Q were running
in the loop instead of top?

The cancellation would hold as well and coupling
results would not change much
(at least with the present precision)

Nevertheless, assuming that what is in the loop is
the top quark, we really measure the h-top
coupling because the m; values is given by the
measured top mass value
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ttH motivation

—
=

E>|> 1:_"| T T : T
P f;l&ASu?]n? chs Run-1 fit to Higgs production and decay shows a clear coupling to
5 [ top, can we say to have observed top coupling?

ELL|> 107'E E
v : V,f

4 t P —
10 ; . g yi “
z h—tt coupling {:l
¢ ATLAS+CMS T .
BRI - SM Higgs boson (sc. factor to SM coupling) B
E — [M, ¢] fit 1
[ ]68% CL . V,f
Jo9s%CL ggF production
10%E4
107" 1 10 102 me X hy (VEV) = ythftM (VEV) 1/mi~ 1/yi

Particle mass [GeV]

s

g " J

ttH is absolutely needed to certify -{:
that the Higgs boson couples to top g ) |
A

ttH 'wroduction

direct coupling
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ttH results @Run?

ATLAS-CONF-2016-068

multi-lepton final state

¢ X:f gg—ttH (H—=bb)—WbWb bb— lv Ivbb, Ivqqgbb 5
g H : )
- .C (H—=yy)—=WbWb yy— lv lvyy, Ivqqyy N
g L. .
[ vr (H—=WW/ZZ)— multi-lepton ) -

ttH production

@Run-1 significance 2.33 o observed, 1.53 expected

2 [\ |amas petiminay ]
o L L L < B S=13TeV,13.2-13.3fb'1 305
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fb" o e E
—total  —stat (tot.) (stat., syst.) ) — oz /
ttH(H—)'y’y) '_.—‘ . +1.2 +1.2 +0.2 x = ttH combination -
(13 TeV 1331 ") : 0.3 -1.0 ( -1.0» 0.2 ) o 2
: +1.3 +0.7  +#1.1 - A
ttH(H—>WW/tt/ZZ) | e 25 13 (DT ) F s
(13Tev13.2fb") : - ]
: @i +1.0 +05 +09 Y50 08 T s 2 28 5 85
ﬂH(H—)b‘b) 201 -0.9 051 0.7 ) u_ for mH=125 GeV
(13 TevV 13.2fb ") ~ fiH
°°°°°°°°° h 1 iomifi
ttH combination ; -0~ 1.8 +0.7 fg': , fg'g ) Channe Significance
(13 TeV) : 0.7 : : Observed [o] | Expected [o7]
; ttH, H — -0.2 0.9
ttH combination N 1.7 fg': e e ) _ vy
(7-8TeV,45203Mm") . . . 1 .ol o s s s e o e . ttH, H - (WW,tt,2Z7) 2.2 1.0
0 2 4 6 8 10 titH, H — bb 2.4 1.2
best fit HﬁH for m, =125 GeV ttH combination 2.8 1.8
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h—uu 36 fb-1 arXiv:1705.54082

acc. by Phys. Rev. Lett.

e First probe of coupling to second generation fermions, very low branching
fraction: Br(h—=uu) = 2.19x104

e comparable to Br(h—ZZ—4l) but with a much larger background from Z/*—=uu

Signal eXtraCtion through di-muon inV. PS(mW) = fcB - CB(m,u,u,mCB,O'CB,a’, n) Pp(my,) = f- [BW(mBWaFBW)®GS(0'(B;S)](my,u)
mass fit to a signal peak plus a continuum + (1= fen) - GS (M mas, o) F (L= f) N pm?
exponentially falling background
Run-2
% g5 T T T T T .
~ - ATLAS ] us = —-0.1+1.5
. _ N . ®  30f— VBF tight Vs =13 TeV, 36.1 fb™' 3
categorisation exploiting ggF Higgs pr E [ eindot=30748 1 ws <3.095%C.L.
and VBF topologies =E e Data E
- Background model
i —— Signal x 20 1 Run-1 + Run-2
S B[ S/VB| FWHM | Data 15K * 4 ug=-01=14
Central low pi" 11| 8000 | 0.12 | 5.6GeV | 7885 .
Non-central low p/* 32 | 38000 | 0.16 | 7.0 GeV | 38777 102* * \ i * E R < 2895%C.L.
Central medium pt* 23| 6400 | 0.29 | 5.7GeV | 6585 50 X | — . HL-LHC naive
Non-central medium pf* | 66 | 31000 | 0.37 | 7.1 GeV | 31291 - 4 2 t lati
Central high p/* 16 | 3300 | 0.28 | 63GeV | 3160 oL e 20328 €XTrapolation
Non-central high | 40 | 13000 | 0.35 | 7.7 GeV | 12829 4E | + E Aw=0.15
VBF loose 34| 260 | 021]7.6GeV | 274 | FE  2H | ¢4l W+ ;3 Difficult to observe it
VBF tight 34| 78| 038|75Gev | 79| £ _gg ﬁﬁ"**‘M#"+'+'ﬂ++*'+'i"++m*m"*'H" ‘ *’*’f’ﬁ% at Run-2. one of the
e 4 strongest motivation
110 115 120 125 130 135 140 145 150 1 160
° ° ° > leew for HL-LHC
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hh-the last missing piece

412 Wwea T/ nra 12 Ga (GHva

tg gs MY _4g5 T HV T

+QiPQ; + wilPu; + diilpd; + LiiIDL; + €;i D¢,
(YZJ Qzu]f{ —|— Y;JQZC{]H —|— }/ZZJZ_;ZZJH —|— C.C.)

CNHTH)? Y W2HTH — (DFH) D, H

rreweH - Yl gng H

(%

The Higgs potential term is completely unmeasured.
It is the only potential term of the SM lagrangian and it is
fundamental to determine the vacuum structure
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After spontaneous symmetry breaking

ho =< 0]¢|0 >= _T”Q h:h0‘|‘77

A 3
u2%+,u nh0+477 + Ahon® + A= h772+)\h077
replacing p?
o A 4
ARZn? + 477 + Ahon

B. Di Micco Higgs physics at ATLAS QFTHEP 2017-Yaroslavi



The Higgs potential: how to probe it

After spontaneous symmetry breaking

ho =< 0]¢|0 >= _T”Q h:h0‘|‘77

2 A 3
/12% + WPnho + 50" + Mhon® + A5 hEn? + Ahn
replacing p?
22, A 3
Ahgn?)+ St + Ahon
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The Higgs potential: how to probe it

After spontaneous symmetry breaking

ho =< 0]¢|0 >= _T”Q h:h0‘|‘77

2 A 3
/12% + WPnho + 50" + Mhon® + A5 hEn? + Ahn

replacing p?
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After spontaneous symmetry breaking

ho =< 0]¢|0 >= _T”Q h:h0‘|‘77

2 A 3
/LQ% + ,u277h0 + 1774 + >\ho773 + >\§h%772 -+ )\hgn

replacing p?
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hh production

Standard Model

| | [ | |
HH production at 14 TéV LHC at (N)LO in QCD

I M,=125 GeV,iMSTW2008 (N)LO pdf (68%cl)
g g B i
t,b h _ / E
- t.b h,
triang| A
riangle b Y z
box  b? 2L ho N h 2 |
t.b AN )
~ < _ \ 15
g t7b h h ‘q ﬁw
Negative interference between box and triangle _ It
reduces further the production cross section s s PR . 5 4

o(pp — hh) = 33.45723% (scale) + 5% (Th.) + 2.3%(a;) + 2.1% (PDF) fb

L —
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hh production

==ROMA

—
=

Standard Model

g
J t,b h__
| t.b
box  b? t,b triangle
q t.b \h\\\ g
Negative interference between box and triangle

| | [ | |
HH production at 14 TéV LHC at (N)LO in QCD
My=125 GeV,iMSTW2008 (N)LO pdf (68%l)

o(pp — hh) = 33.45T4:37

oo (scale)

2.3%(6\55) T 2.1% (PDF) th

e

huge cross section enhancement is
allowed even in the non resonant case, it
makes sense to measure hh cross
section at Run-2

MadGraph5 aMC@NLO
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hh production

Sta n d a rd M O d e | HH prloductionI at 14 Te;V LHC alt (N)LO Iin QCD
i My=125 GeV,:MSTW2008 (N)LO pdf (68%cl)
g g 5

th o h

box  tb . triangle ¢b

q t.b h\\ g

MadGraph5 aMC@NLO

o(pp — hh) = 33.45fé:g;‘1 (scale) ‘% (Th.) +2.3%(as) £+ 2.1% (PDF) b

e

The only available constraints are from

huge cross section enhancement is Higgs couplings [arXiv:1607.04251]
allowed even in the non resonant case, it A
makes sense to measure hh cross 9411121

. 4 E_5.65
section at Run-2 AS M
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di-higgs branching fractions

Higgs decay branching fraction

1. many decay modes, signal yield divided among many rivers;
2. typically higher S/B channel have lower signal yield;

3. need to exploit all possible decay topologies and combine them to boost
the sensitivity
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hh Run-1 results

=

Phys. Rev. D 92, 092004

220 __I ' ' ' I ' ' ' ' I ' ' ' ' I ' ' ' ' I ! ' ' I__ 1200 T T I LI I LI I LI I LI I LI
C - 1 B
200 ATLAS \/§ =8 TeV, 20.3 b = - ATLAS ‘[g =8 TeV, 20.3 fb'1
- T +et ] i
180 u had had . 1000 __ —+¢— Data (control region)
hh Nonresonant search - 160 ERS Continuum background
Final state Categories Discriminant ® - 13 - —— SMHiggs contrbution
G 140 F 3 o 800
b Lo r ] ) L
yybb 1 m,, N o120 1 g YYWW
. I ‘D -
yyWwr 1 event yields 2 100 F Others 4 £ eo0f ]
- ) n /| Fake 1 1 2 -
bbtr - M., o 80F 4 @
- = ) C Systematics -
bbbb 1 event yields 60 F [JNon-reso. hh(10 pby3 400
40 | =
23 ; .:!77 4 200 _I 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0 100 200 1300 00 200 110 120 130 140 150 16
m,. [GeV] m., [GeV]

TABLE IV. The expected and observed 95% C.L. upper limits on the cross sections of nonresonant gg — hh production at

Vs = 8 TeV from individual analyses and their combinations. SM values are assumed for the h decay branching ratios. The
cross-section limits normalized to the SM value are also included.

Analysis yybb yyWw* bbtt bbbb Combined
Upper limit on the cross section [pb]

Expected 1.0 6.7 1.3 0.62 0.47

Observed 22 11 1.6 0.62 0.69

imit on the cross section relative to the SM_nrediction

Expected 130 48
Observed 160 70
- most sensitive in Run-1 interesting
excess in Run-1 sensitivity in Run-1
already
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hh Run-2 updates, yy channels

hh—’bbw hh—WW(= lvii ATLAS-CONF-2016-071
§ e (= Ivij)vy ATLAS-CONF-2016-004
“ 40E- 15« 13TeV, 321" Single Higgs
-~ © Otagcontrolregion e Continuum .
£ E - * = oam &9‘5 Process Number of events
Z 305 ¢ Data o
ot ot Continuum background 7.26 +1.23 e similar strategy for both
20f | : 211:} :‘_“f{'ﬁ”“'ggs g-gig_ ig(l)(l);% channels, after a topological
oW di-thegs R ‘ selection, look for yy mass
» = .
‘_ Observed _— peak on a smoothly falling
. AR . background
10~ | . - -
g . P Tyt it " (:5’ 14 ATLAS Preliminary __f._g::imumw
. EXERRIR ¢ = {9~ \s=13TeVv,133M" ... SM Higgs
10=41% 120 130 140 140 i P - e SM di-Higgs
m,, [GeV] g 10 — Sum
3 wnas oy oime 3 O g lepton=t * excess in bbyy not
< s;_;i;g‘:,;;‘.’;jjoi? &",323:,?“9;9__: 6F-+ | confirmed, still excess in
- Vom i3 I WWry
: I s T
E | oo | 7
! E = g e teat— e updates on 2015+2016
ooy ptte b b s o -
| )3 g O vver Y i mmas e statistics expected this
© St 0l e b e v b s by T
L L summer
w + | m,, [GeV]
z |
o 0: L3
wwow  o(pp — hh) < 25pb (15 exp)

o(pp — hh) < 3.9pb by - s e
o(pp — hh) < 116 X osm o (pp ) < osm (446 exp. )
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hh—4b run-2 updates

ATLAS-CONF-2016-049

e main background: multi-jet background > T ' -
. . . (0] ATLAS Preliminary  —+— Data -
* background estimated from side-band region 2 5= 13TeV, 2015, 326" O Mutit -
d |d d . CR .?,s_ Signal Region: Resolved —— G(300) x10 g
and vallgated In - —— G(800) x10 o
I —— SMBhx500
; 300_ LI | L I S Lo AL IR () B B N> \ s Stat+Syst Uncertainty
S+ ATLAS Preliminary " 3 _ l
s L " Vs =13 TeV, 2016, 10.1 fo' o k-3
B i - § A A
200/ |
L - 2 v e -
- 2 } H d
_ = e ; NN
= 8 ' W bt N
150— = } " t ++ 2
- 200 200 500 800 7000 1200
B m,; [GeV]
100—
- % 1 T > 17T " 7 1
- O 0E ATLAS Prelimina —— Data =
i 2 E /s = 13 TeV, 2016, 10.1 b g Moo E
50— % T Signal Region: Resolved — G(300) x10 a
| © 107 e (G(800) =10 -
- O E —— SM hh x500 3
- : Stat+Syst Uncertainty .
B | I | | L1 1 | | L1 1 | | L1 1 | | L1 1 | | L1 1 |
% 50 100 150 200 250 300 ° " 3 ?g
mlzejad [GeV] CHl S e [ e N
- . . . e e
e use of multi-jet triggers with b-tagging at HLT 3 3
e main discriminant mnn oL DO
2 v v . - .
g’ - u"... + E
ISR e Sashcsats S S I\ ‘ 3
o(pp — hh) x Br(hh — 4b) < 330fb g | SN i
® “Z00 200 800 800 1000 1200
< 29 X ogMm m, [GeV]
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95% CL upper limiton ¢ / o,

hh prospects @HL-LHC

ATL-PHYS-PUB-2017-001, ATL-PHYS-PUB-2016-024, ATL-PHYS-PUB-2015-046

6/ 6, as afunction of A/ A,

ATLAS Simulation Preliminary

"\ hhobbtT

A /o j L dt = 3000 b

l\(§=14*relv

function of A

HL-LHC Vs = 14

TeV, L = 3000 fb-1
ATLAS: bbyy
ATLAS: 4b

ATLAS: bbtr

=10 -5 0 5 10

-

Exp. sign

060

MAism 95% C.L.

[-0.8, 7.7]
[0.2, 7.0]stat, [-3.5, 11]
[-4, 12]

| Study performed assuming flat acceptance as a

exp o/osm

< 1.7 [recalc.]
< 1.5stat. y 52
< 4.3

1.The most sensitive channel alone are not able to claim evidence of hh production,
their sensitivity to the Higgs self-coupling is also very mild

2. It Is important to push the analysis techniques as much as possible forward now, to

make possible an observation of this channel at HL-LHC

B. D1 Micco

Higgs physics at ATLAS
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EXotic searches

e [he Higgs boson is moving from object to search, to object to study, but
it is also a tool for discovery.

e many searches are performed where the Higgs boson is among the final
state particles

® here we select only the most recent results
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arxiv:1706.03948

h'DM, h_"YY search sub. to Phys. Rev. D

9 h

q h —————7 7
’ '
/’ / '
! _ .
7 ’ / S p e 1 (1, =125.09 GoV)
AN X - oo @. - X Zg sinh = 03,9, = 1/3, Dirac DM
A() N H 1 m,-lGeV.mt.-zooGeV
\ — 0%
\
q X q

Events / GeV

|

4
21 -
. : 9 SIS WIS S S U LSS
Category Requirements 2 g . 5000 000 0anee ooe
|
. @ | .
Mono-Higgs S pmiss > 7 VGeV, py’ > 90 GeV, lepton veto @ o&*o '“9}3,&“&“*‘-~w$+‘“&“uh,u+
: - o
High- Emiss S g > 5.5 VGeV, lpy " = 7341 < 0.1 mm -5t
, . Y sty 110 120 130 140 150 _ 160
Intermediate- E3"™ Emlss >4 VGeV, p7¢ > 40 GeV, |z, Zpyl < 0.1 mm m,, [GeV]
Different-Vertex Emlss > 4 VGeV, phd > 40 GeV, |z h‘ghe“ 201> 0.1 mm
Rest T 7> 15 GeV
; £ ‘2110'29 T T T T T T T T
- © po =+ MNyr)+ x x,Z, Dirac DM
8 : ATLAS §; L 10® 50 =03,9 13,9 =1 ATLAS
= - Vs=13Tev, £ S 0®E D \s = 13 TeV, 36.1 o’
« 2 LR TN
[ 10.0; =05,m =T0CEEEE N | 10 [ ... E § 3 AN
M - 41 2 o 10_37
- 1 i1 @ o
11 & g
| ] =3 L Iy
4] 3 8
S i1 & Zie \ %
—— Expected e 3 ' p KENON1T  pandd LUX2016.
------ Expected + 1o ] 104y o N e -___'..--'-"'"
.......... Expected - 1o f . Spm-mdependelm ) -‘--.--~—‘l“‘" O°/°. CL
: : i A R - ! ) R ‘E“‘; 10— A A A A L ALA A A A A A ALl A A A A AL ALL
200 3 2 H 2 1 2 1 s 3 1 1 02 103
600 800 1000 1200 1400 10 102 10° 1 10 1
m,, [GeV] m, [GeV] DM mass m, [GeV]
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h-DM, h—=bb search

CR defined to normalise ttpar W+HF and Z+HF

TNy .

c o o e S = o SITNE VU
Region SR 14-CR 20-CR L o? b ATLAS Preliminary Elzh::u
Trigger EXss Emss Single lepton %) ?R'. ",3;::",",36" o 5 a:':::"" top
Exactly two e or i S 107 b-tag I Diboson
Leptons Noeorpu Exactly one u 83 GeV < m,, < 99 GeV Lﬁ 108 = 3:"\,';;
71 GeV < my,= < 106 GeV ; N g::_‘:gmg:’mm'm
E™ € [150,500] GeV pr(u, EI) € [150,500] GeV pr(€, 0) € [150,500] GeV 10 — - mono-h Z'-2HDM _
P > 30 GeV (1 b-tag only) pr(u, p) > 30 GeV - 10* il 1400 e» M, = 600 GeV
min [A¢ (E%‘iss, ﬁJTet)] > /9 min [A¢ (E%li“, ﬁJTet)] > /9 — e
A¢ (E)%niss’ﬁ%rliss) < 71./2 A¢ (E)’rlr‘liss’ﬁ%niss) < 71./2 _ )
- B E'Ill“liss X (Zjets,leptons pT)_l/2 <3.5GeV'? 10
Number of central small-R jets > 2 10
Resolved Leading Higgs candidate small-R jet pr > 45 GeV
Hr e > 120Ger01r2_)jets,HT,gjetS > 150 GeV for > 2 jets T LS I I I I
Mg (EF™. fra) > 27/3 2 , | i
Veto on 7-leptons g 0 QE:W ‘
Sjetl  jet2 . — TR T PR TN IR
AR(7 . pf) < 18 O 500300 400500600700 800
Veto on events with > 2 b-tags Emiss [GeV]
Sum of pr of two Higgs candidate jets and leading extra jet > 0.63 X Hr et T
b-tagging : one or two small-R calorimeter jets s 1000F~——T71 77T T
Final discriminant = Dijet mass & - ATLAS Preliminary — ngggjg RO
ET™ > 500 GeV pr(u EF™) > 500 GeV pr(.0) > 500 GeV = 0% Mononoo), Allimits at 5% CL w5 13 TeV, 321" -
PP > 30 Gev Pr(s.pi™) > 30 Gev - 800 tan = 1,5, ~ 08, = 100Gey 15 =8TeV. 203" 2
min [Ag (i, 5| > 2/9 | min|Ag (Ems, 5i)| > 7/9 - : : ' ]
A¢ (E’%niss,ﬁ%niss) < 71./2 A¢ (E’gliss’ﬁ%niss) < 7T/2 _ 700:»— —:
Merged Number of large-R jets > 1 600:— E
Veto on 7-lepton not associated to large-R jet - .
Veto on b-jets not associated to large-R jet 500,:_ B
Hy-ratio selection (<0.57) . R
b-tagging : one or two ID track jets matched to large-R jet 400F B
Final discriminant = Large-R jet mass . 5

m,. [GeV]
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Conclusions

Higgs shopping list for the future

1) The Higgs boson from particle to tool for discovery

2) look for evidence of all its couplings as predicted by SM (they are all SM
fundamental parameters, practically without theoretical constraints)

3) discover the last piece of SM, the Higgs potential through hh production

4) look for unexpected: i.e. Higgs coupled dark-matter through Higgs portal
models

5) more and more accuracy with the coming data at Run-2
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Higgs at Run-1 single channel observation

e The Higgs boson couples at tree-level only with massive particles W+ 1
: : : h ¢"’V h . v
e decay to yy mediated by loop of massive charged particles (W,t) ( ) _ ( )
e pbackground dominated by non-resonant Yy production and y-jet W- “e R
with a jet faking a photon V t v
] e > -—>- Y

e event sample divided in sub-categories to exploit optimal S/B ratio
and different production modes: ggF, VBF, W,Zh, tth

alaiale - jet
. . T &
e use of prt variable to further separate signal from non resonant q Y
background
e a0 ar s sas s sus s
ggF VBF WH ZH 1tH bbH tHbj tHW

Category (%) f(%) e(P) f(P) () [(%) (%) f(%) (%) f(%) e(%) f(%) e(%) f(%) (%) f(%) Ns
Central-low pr, 141 923 75 40 65 15 72 10 29 01 141 10 -~ -~ ... ... 1355
Central-high pr, 09 733 25 157 19 55 20 34 24 13 09 08 .-~ - .. ... 113
Forward-low pr, 216 91.7 119 41 123 19 130 12 38 0.1 216 10 --- -~ ... ... 2086
Forward-high pr, 13 719 36 162 32 64 33 39 25 09 13 08 --- .- ... ... 161
VBF loose 04 419 72 565 02 06 02 04 02 01 04 04 -~ - - ... 93
VBF tight 0.1 190 64 805 <0.1 02 <01 01 01 01 01 02 - - o ... 57
VH hadronic 02 459 0.1 32 30 303 31 188 07 13 02 05 - - oo ... 32
VH Eyiss <01 23 <01 03 13 369 30 510 18 95 <01<01 --- - - .. 11
VH one-lepton <01 05 <01 02 48 8.8 06 63 10 33 <01<01 --- -+ v oo 17
VH dilepton <01 <01<01<01<01<01 13 991 <01 09 <01 <01 --- -+ o ... 03
t1H hadronic <01 73 <01 10 <01 07 <01 13 69 841 <0.1 <01 21 34 48 21 05
11H leptonic <01 1.0 <01 02 01 81 01 23 79 803 <01 <01 41 55 7.1 26 06
Total efficiency (%) 38.7 --- 391 ... 333 ... 338 ... 302 ..- 387 --- 38.5%
Events 342.8 28.4 10.7 6.4 1.8 3.6 <0.1 <01 3938
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h—ZZ—41 @Run1 1/2

BDT used to separate h signal from ZZ" background, and VBF, VH from ggF
Event categorisation signal I* double resonant  continuum.

/*
H = ZZ* — 4l ZA_.
4] selection h —Q: :
l Z el
Zi
. % I ;

High mass two jets
VBF enriched

VBF \* | ./\/l ‘2
BDT exploits the spin-0 angular structure of the D 1 S1g
' T zz- =1 2
- signal respect to the background:pt#, n4, Dzz Mzl
Low mass two jets
W(% jj)H, Z(% jj)H l-r) 0.12 K TT I TTT I TTT I TTT I TTT I T T I TTT I TT |_ m | TT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I TTT I T T T LD | T I TTT I TTT I TTT I TTT I T 1T I TTT I T T T I T 1T I T T |-
o 8 Qo

S | ATLAS Simulation gggf n zste) ] S o12F ATLAS Simulation m,=125 GeV 1 g 0.12 ATLAS Ssimulation m,=125 GeV —
. 5 L Y~ [ Hoz o ” z L Hozzr s a - ]
l — VH enriched ‘cgl 0'1: HosZZ*a] He |_§ L (s=7TeV [Ldt=4510" \g,ZFF B oqL B=7Tev [Ldt=45" g f ]
N L ) 14 0 01 Vs=8TeV JLdt=20.3f" [z % [ Vs=8TeV JLdt=2o.3 fb™! ’ ]
Addt | | t E 0.0 [~ S=7TeV J-Ldt=4'5fb1 p % L VBF enriched category % i VH-hadronic enriched cat b

- - < - enriched catego - -nadronic enrichea category
I Iona ep On g : (s =8TeV JLdt=20.3 fb-1 % 0.08 __ __ Z 0.08 __ 40<mjj [GeV] < 130 _-
S 0.06 Z C i i ]
W(—) lV)H, Z(% ll)H < - = 006 - -4 006 7
l - 0.04 | - 1 - |
i 0.04 _— 7 0.04— : ]
0.02 E 0.02 :_ l 50 5 19 Xo BK N —: 0.02 __ 7 : !:!; ;3! _-
. —— - L % , E i BRI QIS ]
agF - ggF enriched =5 o G e SN\
) ' ' BDT. . outout -1 -0.6 -0.2 0.2 0.6 1 03 06 02 0.5 G )
(d) zz- OUtpY (f) BDT, g output BDT,,,, output
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_I I T T T T I T T I T T T T I T T T T I ]
180[— fLdt=45M" {s=7TeV ATLAS —
- - 15 = .
160~ fLdt=20.30", {s=8TeV 4 Data B
e S/B weighted sum . ]
. . — Signal+background
140 Signal strength categories —
% - ===+ Background ]
9 120 :— — Signal —:
[2] - -]
__5’ 100 = N my, =125.4 GeV ]
) - i
B - 3
N 80— S ]
60 — ' —
40 - —
20— ]
0 E | — AI . | | E
2 10F =
o] = 3
8 5 3
é .....................
3
110 120 130 140 150 160
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The VH production with W—1lv, Z—Il, Z—vv allows to
reduce the background by large factors.
Event classification _,
Ew E -1 a°
§3.5:_ ATLAS 5=7Tev, det=4.7 b 3 10|§r ATLAS (527 TeV [Lat= 4.7 1
5 27T % Obseved(Cls) s =8TeV. det =203m" S F
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2 b ” d - S8 - E:pected (m=125Gev) e :EXpectjo1|25G y [rmmmmme oo
-ta e ets Lz o ttc = o njecte e
Channel v £gcC) v 5 25F -
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1.5 10%
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- 104
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Main backgrounds: Top; Z+bb; WZ, Z—bb
Typically low S/B ratio: 0.002-0.02
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The Higgs potential: how to probe it

After spontaneous symmetry breaking:
/y 1 — 2
ViYiihiho + Viyiithin o =<0jglo>= 1/ =5
iy |
/ e~ yiiho - ;y' < coupling term

mass term \ h/ f

Fermion couplings are
proportional to their mass

Im(h)

N

A 3
12—+ pPnho + =0t 4+ Mhon® + A h772+>\h

replacing 2 2 4
»_)\h——)\%/—l— 77—|—)\h077 I Wt h772+)‘p/%/

Re(h)

. h,
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4 3 mh p— 2)\h h :s(' h _____ ¢
* ( J 77 _I_ )\hOTI < - v R4 ‘ss ‘ssh

i

B. Di Micco Higgs physics at ATLAS 0 QFTHEP 2017-Yaroslavi



B. D1 Micco

Higgs physics at ATLAS

QFTHEP 2017-Yaroslavi



Implications of the Higgs potential

1 1 A(p) ~ F(ys, A(mpy)) = F,(mt’mH)
V == uw'® +— A(scale)d* m2
2 4 arXiv:1307.3536v2 Ampy) = 2—H = 0.1301 £+ 0.0007
V2

Dario Buttazzo®’, Giuseppe Degrassi¢, Pier Paolo Giardino®?,
Gian F. Giudice’, Filippo Salabe, Alberto Salvio®/,

Alessandro Strumia’ See Buttazzo et al. and talk from V. Branchina

0.10. | ZNS BE S B SE SN SN SN SN SR SN S SN S S (Moriond QCD 20'4)
008: Mh= 125 GeV
b 3¢ bands in
- . M, =173.1 20.7 GeV NOT IN SCALE
3 006 a,(M,) = 0.1184 £ 0.0007 ) Veff(¢) stable
lg ' + LN ]
E 004
B [ Instability = 10! GeV
'E : N -
§ 002
- I \\ . -
% - ONG L 0 M, = 1710 GeV
E om‘ \\.'. ‘.-’-._ - 4
L \\‘-_‘... M)-Olms~".
-002f LM = 01163 ] -Mv M,
: Mo 153GV | \ ¢
004F A |
0 12 16 I8
100 10° 10° 10° 10" 102 10 10' 10 1020 EW = 246 Go |
RGE scale g in GeV ‘
The modification of A with the energy Vacuum collapses.

implies a dependence A(®). The Higgs | the lifetime is larger than the age of the 100 gev 1y

potential has a shape that is more complex universe we call it metastable otherwise it
than just A®4. is unstable.What'’s the shape of the Higgs

potential?
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Higgs boson as inflaton

Gravitational action coupled to the SM sector

1 1 1 —
S = / {§M§1R - E} d*x\/—g = / {§M§1R — §auhaﬂh + V(h) + } d'zy/~g

Inflation model The Higgs potential could have such
e need a scalar field (h is a scalar field) Vih role if properly shaped
* need a well shaped potential, with a slow-roll condition ( ) 4 . X
nflationary epoc
1. a
V(g) >> §¢2 —a H? = %V(gb) ~ const.__, a(t) ~ eH? <H(t) = 5) .

universe radius, exponentially expanding during inflation
In order to make this to work

h >> hg V(h) ~Ah* A~ 1071
V(ho)

Intringuing, A nearly vanishes for high h value with the >
present value of top and Higgs mass. o

need to be flat
to fit slow-roll condition

The Higgs potential could have fundamental
cosmological implications.
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