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Two orbits of the earth ago...

 CP established
m(H) at 2-per-mille

* Decays:

— H—> 22

— H> WW

— H=2> vy

— H-> Tt (4.5 0O)

— BR(H—=> inv) <0.28
* Production:

—gg 2> H
— VV > H (4.30)
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Open questions from Scalars 2015

 H(125) questions

— Precision on all
measurements?

— ttH production?

— H+V production?

— Decays to fermions?
— Self couplings HHH?
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Additional H
bosons?

Dark Matter Scalars?

Supersymmetric
scalars?

Non-Higgs scalars?



What’s new?
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13 TeV x-section — predicted & measured
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What do these data look like?
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“Only” 25 pileup vertices reconstructed here
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They all come at once...
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Trigger cross section [nb]
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Controlling the rates...

MET trigger rate without
plleup suppressmn
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ATLAS Slmulatlon Prellmlnary
| — Wlthout IBL

I TTTTTT
[N

—

(o]

Eey

=

@

-

| 111 IIIII

Light-flavour jet rejection
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http://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/FTAG-2017-005/
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Higgs boson mass
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m,, [GeV]

Data/MC

m(H): it’s all about precision

e.g.: muon drift tubes laser monitored
~10 um precision over 40m length
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Per-mille agreement between MC and data on masses
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-2 In(A)

Pushing down precision on the mass
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Different measurements in good agreement
ATLAS-CONF-2017-046 ”
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Summary of m, to date

ATLAS Preliminary

—— Syst.
{5 = 13 TeV. 36.1 fo Total Stat. [ 1 Sy
@ cms, | Total  Stat. Syst.
LHC Run 1 [\iNy ~—  ——— | 125.09 £ 0.24 (+0.21£0.11) GeV
| 124.88 +0.37 ( + 0.37 + 0.05) GeV
. — 125.11+0.42 (£ 0.21+0.36) GeV
Combined — . — 124.98 +0.28 ( +0.19 + 0.21) GeV
ATLAS only |
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 l 1 1 1 1 I 1 1 1 1 I 1
124 124.5 125 125.5 126 126.5
m,, [GeV]

2-per-mille precision from single experiment

H->ZZ* stats limited... room for improvement
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With increasing stats...
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Events / GeV
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ttH [H> WW*, tt, ZZ*]

Signal Fraction [%]
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Various decay modes
contribute to different
Signal Regions

ATLAS-CONF-2017-077

21




Events / bin

Data / Pred.
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Multi-lepton final states

ATLAS-CONF-2017-077
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SHERPA4F
PowHEG+PYTHIA 8

Fraction of events

ttH [H->bb]

[ ATLAS Simulation Preliminary
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Background modelling
systematics dominate

Multi-jet & multi-b-jet BDT analysis
Small S/B

=>» Systematics are important

ATLAS Preliminary

{s=13TeV, 36.1 fb™
—tot, '

T rrr] LI DL INLINLE NN B

my, = 125 GeV
stat.
tot (stat syst)
Dilepton .0.24 +1.02 , +0.54 +0.87
(two-u combined fity| F— ¢ <105 (052 031)
Single Lepton 0.95 +965 +031 4057
(two-ut combined fit) = o = -o.sz(—o.31 -0.54)
+0.64 , +029 +0.57
Combined - o = 0.84 -0.61 (-0.29 -0.54)
lllllllIIIIllllllllllllIIlIIlIIllllllIll

1 0 1 2 3 4 5 &8
Best fit p = o™/ot,

ATLAS-CONF-2017-076
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' ( t'°t|' ). ( .St.at-l , Syst. )

ttH summa ry ATLAS Preliminary {5=13 TeV, 36.1 fb"

— total — stat.
ftH 2Z -1 < 1.9 (68% CL)
. 0.7 7 +0.
tiH vy e 0.6 ‘55 (‘0602 )
0.6 03 +06
0.8 53 (102,708 ) 2
g I~
— 16 %5 (%3, %5 ) S
Multi-lepton 04 N
L g #03 s02 403 Z
ttH combined - ked 03 (202202 ) 8
1 - f 1 L 1 1 1 | 1 1 L IR | L1 1
—2 0 2 4 6 8 10 2
-
, _ =
best fit Mo for m =125 GeV E
Channel Best fit u Significance
Observed Expected Observed Expected
Multilepton 1.6 795 1.0 704 410 2.80
H — bb 0.8 15¢ 1.0 0% 140 1.60 -competitive
H — vy 0.6 1o 1.0710% 0.90 1.70 -stats limited

H — 40 < 1.9 1.0 732 — 0.60
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VH, H = bb




arXiv:1708.03299

VH production [H—> bb]
ZH - vbb , WH - lvbb and ZH - llbb
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arXiv:1708.03299

VH distribution in m,,
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12 ATLAS —e— Data ]
- {s=13TeV, 36.1 fb" I VH — Vbb (1=1.30)-
B Diboson

1Q 0+1+2leptons
2+3 jets, 2 b-tags
Weighted by S/B Dijet mass analysis

it

Uncertainty

II|IIIIIII|III|II
Illllllllllllllllllll

Events / 10 GeV (Weighted, backgr. sub.)
AN

DR §§\\\\\\\\\\\\ +% \
—2__l|III|III|III|III|IIIIIII|III|III||—_
40 60 80 100 120 140 160 180 200
m,, [GeV]

After subtraction of all backgrounds except for
the WZ and ZZ diboson processes
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arXiv:1708.03299 See also: arXiv:1707.06958
for hadronic final state

VH [H—> bb] production

ATLAS VH, H(bb) 15=7TeV, 8TeV,and 13 TeV
[Ldt=4.7 fb™, 20.3 b, and 36.1 b
—Total Stat.
(Tot.) ( Stat., Syst.)
71V m—e—m 161 4 (155 %% )
8 TeV et 0.65 ‘). (0% 024 )
13 TeV dou 120 042 (1021 w0t 3.50 observed
_________________________________________________________________________ (3.00 exptd)
Comb. v 0.90 "0 (‘ois, 0% )
PR I T T S S P R R T T A T S MR NN S SR
—2 0 2 4 6 8

Best fit u°® for m =125 GeV
VH
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light jet rejection

ATLAS-CONF-2017-078

VH, H =2 cc

> T L I L DL B BN NI B ]
q) - -
_ — : -—05 » O - ATLAS Preliminary ' e ]
10°L ATLAS Simulation Preliminary | 2 = 300E ys-13 TeV, 361 b __ Fit Result B
= \/g - 13 TeV ﬁ — cefficiency41% 3 _1() 45 o P - 2 c-tags, pZ > 150 GeV I ZH(ob) ]
C ’ nnnn cefficiency 30% ] O c 250 77 —
B = m = ¢ efficiency 20% 7] HHG:J G>J N =ZW N
B + 41% efficiency WP _ _0 4 — w B B Z+ jets ]
_ n Q 200 tt ]
035 © — ZH(cT) (1000xSM) -
150 -
0.3 + :
100 SM xlOOO__
0.25 .
50 7
0.2 -
0
1 60 80 100 120 140 160 180 200
Ol 5 -O_ 1-4 T I T T T I T T T I T T T I T T T | T T T I T T | T T T
5 i
e 0.1 o
10 % 8:2 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 |¢I
. . . a 60 80 100 120 140 160 180 200
b jet rejection m_. [GeV]

o(VH) x B (H -> cc) < 2.7 pb observed (3.9 pb expected)

[SM:25.5 fb — about two orders of magnitude larger]
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1705.04582

1708.00212 o V44
Other “tough” modes
- -4
(B, (H > Zy) = 1.5x 1073 | Bop(H > ) =2.2x 10
T T
g - s=13 TeV, 36.1 fb™ — Background fit . § 30;_ VBZF tight_ \s =13 TeV, 36.1 fb’ _;
2 80k highpy, :"iSignal x 20 - G osf xeindot =50.7/48 =
g _ MH = 125 GeV ] g - g:tciground model g
W 60 - 20E — Signal x 20 E
i 15 =
40_— — o _E
20 5F- -
. i e 5.-; i oF , . , , , , . : .
— e 4 =
o Dbl TE St b R L
. bt T T et e b
D oo b e by by by b by _4:— _;
115 120 125 130 135 140 145 130 110 715 920 125 930 135 140 145 150 155 160
my, [GeV] m,, [GeV]

0.B < 6.6 (5.2) X Op,.Bs

0.B < 2.8 (2.9) x 6,.Bgpy
obs(exp) obs(exp)

=>» Already constrain BSM physics
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For searchable list of SUSY search analyscs sce.

SUSY & Dark Matter?

tf, production, ;> b f %,/ T— ¢ %,/ > Wb %, /T> t %]

Status: May 2017
revised September 2017

HTTT | TTTT | TTTT | IrTTT l IrTTT | LI | TTTT | TTTT | T 1T | T
. ATLAS Preliminary 1s=13 TeV —]
[ Bistr /s wby 0L 36.1 fo' [CONF-2017-020] ]
itz /ioWbE, /T-bify 1L 36.1 fo™' [CONF-2017-037] 7
— Bli-t% /towoy /Tobiry 2L 36.1 fb' [CONF-2017-034] ]
- By Monojet 3.2 fo'! [1604.07773] -
 —— \s=8TeV,201b" Run 1 [1506.08616] _
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n A ]
— “\\ -
— “\ } —
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ATLAS —
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All limits at 90% CL

1 llllllll

—— PandaX
— LUX
CRESST 1l
XENON1T _
—— SuperCDMS .
— Observed
Scalar Mediator —
Dirac DM -
9,= 1.0, 9,= 1.0

IlIIIl | 1

| 1 1

1

10

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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See also

arXiv:1708.04445 arXiv:1710.07235

Something heavy?

ATLAS

EXPERIMENT

Run Number: 300540, Event Number: 543028622

Date: 2016-05-30 17:30:18 UTC

S S T Y [TTT 7T T2

N R0 |




arXiv:1708.04445

Fat-jet pair invariant mass

> 103 = -t - r - T T 1T T 3
= ] ATLAS :
S 102 's=13TeV,36.7fb" _|
P = WW+ZZ SR s
§ - ¥2/DOF = 4.1/8 -
o 10 = =
- ¢ Data .

1E —Fit E

E - Fit + Bulk RS m=1.5 TeV (x 10) S

(o " --- Fit+ Bulk RS m=2.4 TeV (x 10) 7

8 ; | ! | -—;
[ _
(qv] ]
O .
< E
i) =
0))] .
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1710.09748

Doubly charged Higgs

o+
gt
2/ CSH -
-

| in{e, u}

Higgs triplet with low vev
— decays to leptons
— does not prefer heavy flavour

Barr Scalars 2017

o(pp— H™H ) [fb]

10°

ATLAS

Vs=13TeV, 36.1 fb’
B(e*e*)=30%
B(e"ut)=40%
B(u'ut)=30%

I IIIIIII| g IIIIIII|

—— Observed 95% CL limit
Expected 95% CL limit |
[ ] Expected limit + 1o
[ ] Expected limit + 2¢
o(pp— HH)
o(pp— H'Hy)

300 400 500 600 700 800 900 1

1 | L1 I L1 11
000 1100 1200
m(H™) [GeV]

oxXxB<~0.1fb
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m3® [GeV]

Di-Higgs measurements

300_ T T T | L] l. T ™ |-.I T l.l | T T
- _| ATLAS Preliminary
B o Vs =13 TeV, 2016, 10.1 fo

250_— .!._ Resolved

200:—

150:—

100:—

50:—

Oo_ 50 [ul)o' = '1})0' - '2(')0' = '2&'30' — 30 °

m';}ad [GeV]
o(HH) x B (HH=> bbbb) < 330 fb
[SM: 11 fb]

i.e. factor of 29 x SM

ATLAS-CONF-2016-049
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Events/9 GeV?

§ - Y — Non-resonant HH plreclzlicltioln ]
— - ATLAS e Expected Limit (95% CL)
e - Simulation Preliminary s Expected+ 1o ]
= 2.5
I L Expected + 26 —
?  \s=14 TV, 3000 fb™ ]
T 2 .
T B :
L 15F =
o) N i
o C ‘
0.5
1 | 1 | 1 1 | 1 1 |

1 I 1 | 1 1
15 20
Maprd KEMH

Prospects @ 3000/fb (bbyy)
Single analysis: -0.8 < A/ASM < 7.7

_10I 1 1 I-5I 1 1 IOI 5 10

ATL-PHYS-PUB-2017-001
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LHC roadmap: according to MTP 2016-2020 V1 B Physics

LS2 starting in 2019 => 24 months + 3months BC (Il 2“““’“"‘ -
. . eam commission
LS3 LHC: starting in 2024 => 30 months + 3 months BC Techn;al Sm‘: onng
Injectors: in 2025 => 13 months + 3 months BC L]
2015 2016 2017 2018 2019 2020 2021
a1 [a2[a3]|a4]|a1|02|a3]|04]Q1{Q2 [Q3 | S SR FE W) S RO 0 R ) (23 04
LHC
Injectors Run 2 LS 2
2022 2023 2024 2025 N\ 2026 2027 2028
Q1[Q2]1Q3|Q4|Q1|Q2|Q3]|Q4]1Q1|Q2|Q3|Q4[Q1]Q2|Q3|Q4 Y [Q2]Q3|Q4 (w1 2|02 Q4
b Run 3 LS 3 N Run 4
Injectors .
& = SE 2
2029 2030 2031 2032 203 D34 2035
2125 [a4]a1]az2]a3]as]a1]az]a3]as]a1]az]a3]a4 a1 [a2Ta3 |y Q3|a4|a1|a2|a3|a4
LHC

, LS 4 I Run 5 I
Injectors

' Gather more data through 2018 E

Phase-l upgrade: trigger and muon system

Barr Scalars 2017 37




2017

9. .

Finding out more 25

d L
words to filter the results

tion row are combined with a logical OR, while selections among different section rows are combined with a logical AND E X P E R I M E N I

Show All Deselect All Show Latest 20

7 TeV 8 Tev 13 TeV

Higgs to 2 photons Higgs to 4 lepton Higgs to 2 muons Higgs to ZZ Higgs to WW Higgs to bb Higgs to tautau Higgs to i
Higgs to meson+photon Gluon fusion production VH production bbH production bH production tH production ttH production
Di-Higgs production Off-shell Higgs H(125) measurements Mass measurement Coupling measurements Simplified template cross-sect
Pseudo-observables Exotic Higgs decays Exotic Higgs production BSM Higgs searches Charged Higgs searches kappa NMSSI
Spin / CP

W Z Photon WwW wz zzZ Di-photon Vphoton

Charged tracks

0 lepton 1 lepton 2 leptons (same charge) >=3 leptons

Taus Photons

0 jets 1 jet 2 jets >=3 jets All hadronic c-jets b-jets

ISR MVA / machine learning EFT High luminosity upgrade studies Statistical combination VBF BSM reinterpretation

stics
Long-lived massive particles

0 . fo &1 Filter by minimum integrated luminosity

YYYY-MM-DD  [=]» Filter by date: < =

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HiggsPublicResults
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Conclusions

* Larger luminosity and detector improvements
* Precision increases e.g. in mass H(125)

* Evidence for VH, VBF, ttH production

* Direct >30 evidence for couplings to tt,bb

* H(125) differential cross sections in several
variables

* Tough decays (uu, Zy, cc) being squeezed
e Self couplings beyond current reach
e Other scalars currently being shy
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Branching rai

H — bb 577 x10-1  +3.2% -3.3%
H-rr 6.32x10-2 +57% -5.7%
H— pu 220x10-4 +6.0% -5.9%
H— cc 291 x10-2 +12.2% -12.2%
H— gg 8.57 x10-2 +10.2% -10.0%
H— yy 228x10-3 +5.0% -4.9%
H— Zy 1.54x10-3 +9.0% -8.8%
H—-> WW 215x10-1 +43% -4.2%
H— ZZ 264x102 +43% -4.2%
ry [GeV] 407 x10-3 +4.0% -3.9%

https://twiki.cern.ch/twiki/bin/view/
LHCPhysics/CERNYellowReportPageBR2
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ATLAS-CONF-2017-047

Production methods

O yor * By I_@ ATLAS Preliminary
Vs=13TeV, 36.1 b
H—-yy and H—>ZZ*—4l
B,/By, Lo
my; =125.09 GeV, |y, [<2.5

Oygr/ Oggr , ~ :

Measurement g

Oy Ogqr — o ] Stat. uncertainty

Syst. uncertainty ||

Oy Oggr —Fe = J SM prediction ]
1 1 1 | I 1 | 1 1 l 1 1 1 1 I | | 1 | I 1 | 1 1 | 1 1 | 1 I | | 1 1
—1 0 1 2 3 4 5 6

Quantity normalized to SM
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LHC Schedule

Shutdown/Technical stop

Protons physics

Commissioning

Ions
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25m \

g "
e W \ B Tile calorimeters
- s LAr hadronic end-cap and
) forward calorimeters
Pixel detector ‘

LAr electromagnetic calorimeters

Toroid magnets

Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker
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Additional muon chambers in the feet region
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Very forward detector at 420m from IP

e —
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H =2 Qy, py

% K T ' T T T I LI T l T T L I LI T I T T T I T L
O S50 ATLAS  Preliminary ]
= B {s=13TeV, 35.6 fb” ]
2 B _
S _ i
& 200 .
150 =
100 __ + Data 1l
: — Background Fit +1c
- [ Backaround
50 [ B(H-er)=4.8x10*
/ [ sz—er)=0.9x10°*

i\; # ++++++*’+¥¥++++++++++++++++++++ +++++++ ++ + :
VR |V BT T R T
My, [GeV]

Events / 1 GeV

Data / Fit

-i
(=]
o
o

800

600

400

200

ATLAS-CONF-2017-057

ATLAS  Preliminary

{s=13 TeV, 32.3 0"

¢ Data
— Background Fit t1c
[ Background

[ ] 8(H—py)=8.8¢10*
[ Bz—pr)=25¢10°

120 130
Meiry [GeV]

90 100 110

A search for the decays of Higgs and Z bosons to ¢y and py has been performed with /s = 13 TeV
pp collision data samples collected with the ATLAS detector at the LHC corresponding to integrated
luminosities of 35.6 and 32.3fb~!, respectively. No significant excess of events above the background
expectations is observed, in agreement with the SM expectation. The obtained 95% CL upper limits are
B(H — ¢y) <4.8x 107 and B(Z — ¢y) < 0.9 x 107° for the ¢y final state. 95% CL upper limits of

B(H — py) < 88X 10~ and B (Z — py) < 25X 107 for the py final state are obtained.
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A/H = Tt

hMSSM
LHC 14 TeV
300 fb"" . H >

-
-
Y

| ™

300 400 500
M, (GeV)

60 700 1000

AJH S tt |

Djouadi, A., Maiani, L., Polosa, A.

et al. JHEP 06 (2015) 168
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SUSY Higgs — Run 1

. Obs., h couplings [y, x,, k) [ Obs., H—> ZZ— 41, Il qq/bb/vv

------- Exp. -------. Exp.

[_] Obs., AlH>1t [£27777 Obs., H-> WW- Iv qq/lv
------- Exp. ------- Exp.

[ ] Obs., A~ Zh— ll/vv bb [ Obs.,,H— hh

------- Exp. — 4b, bb yy/tt, WWyy
[ ] Obs.,H—-1w™v  acceaa. EXp.

tan 3

20 - E _

10 =

Is=7 TeV, 4.5-4.7fb" ]
s=8 TeV, 19.5-20.3 fb '

N WO
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SUSY Higgs

tang

e New ATLAS
results:

—A/HS 1t ‘

e arXiv:
1709.07242

—A/H=2> tt

e arXiv:
1707.06025

Barr Scalars 2017
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Interpretation in EFT

Observed HEL constraints with H —» ZZ* and H — yy
| I |

.+ ATLAS Preliminary
. \s=13TeV, 36.1 fb"

cG[10*]

cA[107]

cu

cHW[107]

cHB[10™]

cWW-cB[10"]

|
-2

|
2

Parameter value

ATL-PHYS-PUB-2017-018/
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H(125) invisible width

VBF H(125) production Associated H(125) + Z

e 8TeV .
e 20.3 /fb .
* Expect BR<31% .

e Observe BR < 28% .
arXiv:1508.0769

Barr Scalars 2017

13 TeV

36.1/fb

Expect BR <39%
Observe BR < 67%

— 2.20 excess reduces
exclusion

1708.09624
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H(125) total width

e Measure WW and ZZ final states
 Look at off-resonance contributions
* Interpret as total width constraint:

+ T,/ M<4.5> 7.5 @ 95% CL

* i.e.I';<22.7 MeV (obs)
— < 33.0 MeV expected

* arXiv:1503.01060
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