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Total Integrated Luminosity [fo "]

A large dataset at 7-8 TeV
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Remains the largest dataset
for physics at Vs = 100 GeV

487 Papers Submitted



Standard Model Production Cross Section Measurements
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Status: Nov 2015
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The new boson
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The previously unknown gquantity...
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Higgs boson mass
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I I I I | I I I I I I I I I I I I I I I I I I | I I I I I I I I I I I I
ATLAS and CMS —— Total .- | Stat. 1 Syst.
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arXiv:1503.07589
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Couplings to SM particles...

Scale factors k; for
Yukawa interactions

Scale factors x,, for
W,Z interactions



Couplings to other SM particles
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Higgs boson rates 1wy . (G
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Couplings to invisibles?
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Higgs portal model
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Constraint on total width
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1509.04670

Higgs self-couplings
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Decays to light scalars
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“Higgs Hunters” - Citizen Science Project

BESN
~§~*®§ People good at spotting

&:‘G long-lived particle decays
f (this one not found by algorithm)
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\/

7,000 different people
uons 85,000 images
| 860,000 classifications

www.higgshunters.org
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SUSY: Two-Higgs-doublet-model

Two doublets in SUSY models
- 8-3 =5 states:
h,H, A, H*

Ratio of vector boson to
up-type fermion (7, ¢, ...)
coupling s.f.

Ayy = K\"'/ Ky

Ratio of squared up-type
fermion coupling s.f. to
total width s.f.

.
Kuu = /\1-,/ Kh

Ratio of down-type
fermion (b, 7,...) to
up-type fermion
coupling s.f.

Adu = Kd[Ku

2HD Type I, hAMSSM

December 2015
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20 _
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2 1
1 1 I 1 1 1 1
200 450 500
m, [GeV]
Alan Barr 19



m_, [GeV]

%y

800

700

600

500

400

300

200

100

SUSY: Scalar quarks?
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ATLAS, L=4.710"(s=7TeV
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---Expected  0-lep. + 2-6 jets + E:iss (1 non-degen. q)

---Expected Monojet
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Alan Barr

15
m(q) [GeV]

= r
: B 19-parameter pMSSM |§

00

20

(@) (@) —
o o)
Fraction of Models Excluded

o
~

o
(V)




Mm_o [G eV]

- 400

350

300

250

200

150

100

SUSY: Scalar tops and bottoms?

t1, production, 1> b 1 /1> ¢ 70/ 1> Wb i /1> 17,

-t—>be/bff
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—.1—>bffi°

200 300
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3 June 2015

13 TeV collisions!
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Run-2: Detector, Software, Trigger upgrades

Inserted B Layer |- '

@ 80r | T T 3
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(] - _ .
s B0 Vs =14 TeV E
Q - <p> =40 ]
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L= - Run 1 Geometry ]
S 40F pp — tt =
5 C HSO06 = 13.08 .
2 30 —e— Full reconstruction ~ —
2 - —e— Inner Detectoronly
8 20 -
i - -
10 - —e —

= | ]

. 19.1, 64bit 20.1, 64bit
Softwa re m provements
Software release
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Very rich and eventful
period with diverse
running conditions

13 TeV

From few up to 2400
bunches

50 ns, 25 ns, intensity
ramp up

Limits on trigger rate for
partially filled machine
to avoid fixed

frequencies (wire bond
resonances on silicon

detectors)
Special Runs:
low pileup runs,

special combined
trigger/running with
LHCf

elastic and diffractive
running with ALFA
roman pots

pp reference 5.02 TeV
center of mass energy

Heavy lons 6.37*Z TeV

December 2015

Start LHC commissioning

with beam Scrubbing for 50 ns
operation
Apr | May June
wk 14 15 16 17 18 19 20 21 22 23 24 25 26
Mo Easter Mon g 13 20 Pl 4 1 18| Whit 25 22|
Tu
We [ injector 15| Recommissioning with beam
Th g g Ascension
Fr g g 15t May
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Su
Scrubbing for 25 ns
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wk 27 28 29 31 32 33 34 37 38 39
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Sa ;
Su
oo o Enepratons End physics
oct NOV 0€:00 Mon Dec
wk 40 41 42 43 44 45 46 47 48 49 50 51 52
Mo 2 5 2 18 » 2 lons |1¢] E 30| 7 21
Tu setup 3
We L) ~ E §
§ 2 )
Th s ol
Ty IONS (Pb-Pb)
Fr MD 3 g’ < Xmas
- E MD
Sa g v cate o
Su
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We are here LHC schedule

EYETS ' Ls2 |

Shutdown/Technica

Protons physics

Commissioning

ons

Total Integrated Luminosity [fb™]

=~ 4/fb being analysed

— T T T T T T T T T T T T
- ATLAS Online Luminosity ~ /s=13Tev First results @ CERN seminar:
5[] LHC Delivered .
- [ ATLAS Recorded / 15 Dec.er.nber; 3pm
40 Totl Delivered. 4.4 fb 3 https://indico.cern.ch/event/442432/
-  Total Recorded: 4.00 fb™ ]
3 —
f E
15 N E = 80/pb
b v T T -> First results seen at
27/05 28/06 30/07 31/08 02/10  04/11 ) ,
Day in 2015 this year’s Summer Conferences
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www.hep.ph.ic.ac.uk/~wstirlin/plots/plots.html
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10 | |
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EXPERIMENT

Run: 279685
Event: 690925592
2015-09-18 02:47:06 CEST

December 2015

Dijet invariant mass = 8.8 TeV

Alan Barr
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10

=» Quantum Black Holes excluded for masses < 6.5 TeV

Much excitement about analyses in progress...

I IIIIIII| T I[IIIII|

T III[II|

T T TTTTI ‘ [T |||III’Il|II||II‘|I|IIIIII’IIIIIIIII‘IIIIIIIII‘IITI‘H

ATLAS Preliminary

1s=13 TeV, 80 pb”

—e— Data

—— Background fit

—— BumpHunter interval
---o-- BlackMax, m =4.0 TeV

I 1 IIIIII|

| | III[II|

p-value = 0.79
Fit Range: 1.1 - 5.3 TeV
ly*l <0.6

L]

B IIII|IIII|IIII|I

| | N I | | I I | IlIIIIIIIIIIIIIIIIIIl|IIIIIIIII|IIIIIIIII|IIII
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Conclusions

 We have an (apparently) fundamental scalar

* Couplings to SM particles are so far as
predicted
(within rather large uncertainties)

e Other scalars proving elusive at present
* Analysis of Run-2 data well in progress
* Expect update at CERN end-of-year event

December 2015 Alan Barr
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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

December 2015 Alan Barr




Spin-parity test Lagrangians

- %% [COS((})I\ HZZZ M + sm(a)k 4 ZZZWZ’“’]

—ﬁ[ os(Q)kgww W WH + sm(af)KAWWH-';,r-*r-'-w'}}XO.

uv

L = —/1\ ; T X + Z kfT X

1506.05669
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Global EW fit
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B - 7
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m, [GeV]
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ttH 07+18 41 3.5 0.37 0.58 =
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SUSY 2015, 25 August 2015 A. Andreazza, Overview of SM Higgs boson at LHC
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Constraints on BSM terms in LO
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LHC roadmap: according to MTP 2016-2020 V1

LS2 starting in 2019 => 24 months + 3 months BC
LS3 LHC: starting in 2024 => 30 months + 3 months BC
Injectors: in 2025 => 13 months + 3 months BC

B Physics

- Shutdown
Beam commissioning
- Technical stop

2015 2016 2017 2018 2019 2020 2021
a1]az]a3]a4]a1]az]a3]a4|a1]az]a3]a4]a1az]a3]a4 a1 [a2]a3[a4]a1 [a2]a3]a4 a1 [a2]z3]n4,
LHC
Injectors Run 2 LS 2
® PHASE 1
2022 2023 2024 2025 2026 2027 2028
a1]a2]a3]a4]|a1]az][a3]a4]|a1]az2]a3]a4]a1]a2]a3]as]a1[az]a3]as4]a1 [ [0z (@41 [a2]@3 s
e Run 3 LS 3 B Runs
Injectors .
o > o—— PHASE 2
2029 2030 2031 2032 2033 2034 2035
a1]c2i23]a4la1]az]a3]a4|a1]az]a3]a4]a1]az]a3]as]a1]a2 3]s a1 ]az]a3]a4|a1]a2]a3]as
Hhie LS 4 LS5
Injectors

December 2015
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arXiv:1508.07869

ri;;vass = /I%{SSUZ‘BS’ &)
64amy

i _ /lfﬂ,vubnzﬂv( B m? . lzm‘:’, -

LA 256mn‘:, mf, mt, '

Ty = —ll%’”vszﬁi )]
327A-

for the scalar, vector and Majorana-fermion dark matter, respectively. The parameters Apss. Anvv,
Anyr/A are the corresponding coupling constants, v is the vacuum expectation value of the SM Higgs

doublet, B, = /1 —4mZ/m% (x =S, V, f), and m, is the WIMP mass. In the Higgs-portal model, the
Higgs boson is assumed to be the only mediator in the WIMP-nucleon scattering, and the WIMP-nucleon
cross section can be written in a general spin-independent form. Inserting the couplings and masses for
each spin scenario gives:
SI Apss  MyJy
Osn = 4 2°
16m;, (ms + my)
2 4 p2
vy Myfy

TN = . )

16mm3, (my +my)*’

(8)

2 4.2 12
oS Aypr  Mymyfy (10)
N 4 AZmy, (my +my)?

where my is the nucleon mass, and fy is the form factor associated to the Higgs boson—nucleon coupling
and computed using lattice QCD [10]. The numerical values for all the parameters in the equations above
are given in Table 11.
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ATLAS Input measurements
Individual analysis + 15 on
+ W
m, (GeV)
Overall: u = 1.17ig'§; 125.4 . : . '—H
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0437 .
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o 1.6 . X . : .
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H- 1t 087 . . : : :
ggF:in=20"7 12536 : : L H——
o +0.59 X . . : . .
VBF+VH: 1 = 1'2470 s |125.36 . L l . ,l_._._,|
Overall: p = 0.52°04° 125.36 ; : R~
VH — Vbb o5 : : : : :
WH:p = 111777 1125 : : L —te— ]
L 0.52 X
ZH..L1—0.05049 125 | |
H - pu Overall:p =-0.7"7 | 1255
|
H - Zy Overall: u = 2.732 1255
bb: = 1511125 : : e
ttH ‘ M :
Multilepton: p = 21:Z 125 : . X i
e +2.62 X X . X . .
”'“_1'3475 254 |, -, et

(I I I I B

\s=7TeV, 45470 —2 0 2 4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2014-06
December 2015 Alan Barr 40




MggF = 1 23i8§8
Mver = 1.23+0.32
Myy = 0.80%+ 0.36

Uy = 1.81 +0.80

December 2015

ATLAS
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Model Coupling Description Measurement
Parameter
X7 Z boson coupling s.T. [-1.06,-0.82] U [0.84,1.12] 1509.00672
Mass scalin Ky W boson coupling s.T. 09T +0.14
1 eri gt' 3 t-quark coupling s.f. 094021
parametenisation b B-quark coupling s1. [0.90,—0.33] U [0.28. 0.06]
Kr Tau Tepton coupling s.. [~1.22.-0.30] U [0.80, 1.27]
Ky Muon coupling s.T. < 2.28 at 95% CL
MCHM4, . +
2 EW singlet H Overall signal strength L1821
Vector boson (W, Z)
,  MCHWS, * coupling s £ 109007
2
2HDM Type 1 o Fermion @0, b, 7. ...} 1112016
coupling s.f.
Ratio of vector boson to
Ay = Ky [Ky up-type fermion (1, c,...) 0.92:218
coupling s.f.
Ratio of squared up-type
4 2HDM Type 11, K = K2 %R fermion coupling s.f. to 1.25+0.33
hMSSM total width s.f.
Ratio of down-type
_ fermion (b, r,...) to
Agy = xa %, up-type fermion [-1.08.-0.81] U [0.75.1.04]
coupling s.f.
Ratio of vector boson to
Ayg = kv /x4 quark (1, b, ...) l.03:g}§
coupling s.f.
Ratio of squared quark
2HDM _ 2 . 02
5 Lepton-specific Kgg = KolXn :(:l(;ﬁll.l:% sf to total 1.03:93
_ Ratio of lepton (7, p. €) _ Yy
Arg = xe/%g to quark coupling s.f [-1.34.-0.94] U [0.94,1.34]
X7 Z boson coupling s.T. 0.99 +0.15
Higgs portal Ky W boson coupling s.i. 092 +0.14
:)?tﬁlgfi::‘ﬁg' Pl t-quark coupling s.f. 1267232
Higgs boson Kb b-quark coupling s.T. 06T =038
d hannels: -
gz‘:}; c:.ll;i;g Kr Tau lepton coupling s.f. 0.98:22
6 param., no K Muon coupling s.T. < 2.25at95% CL
_ about % Giuon coupling .£. 0927018
Ky Photon coupling s.f. 0.90731¢
Kzy Zy coupling s.f. < 3.15at 95% CL
BRinv Invisible branching ratio < 0.23 at 95% CL

Table 1: Measurements of the overall signal strength, scale factors (s.f.) for the Higgs boson couplings and total
width, and the Higgs boson invisible decay branching ratio, in different coupling parameterisations, along with the
BSM models or parameterisations they are used to probe. The measurements quoted for Models 1-5 are derived
in Ref. [10], while those for Model 6 are derived in this paper. The production modes are taken to be the same as
those in the SM in all cases. In Models 1-3, decay modes identical to those in the SM are taken. For Models 4-5,
the coupling parameterisations and measurements listed do not require such an assumption, which is however made
when deriving limits on the underlying parameters of these BSM models. No assumption about the total width is
made for Model 6.
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ATLAS

EXPERIMENT

Date: 2015-08-22 04:20:10 CEST

Run Number: 276731, Event Number: 531676916

_____

December 2015

Dijet pair with m;, =5.2 TeV
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Other Dark Matter searches
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ATLAS Run-2 Detector Status (from Oct. 2015)

Subdetector

Pixels

SCT Silicon Strips

TRT Transition Radiation Tracker
LAr EM Calorimeter

Tile calorimeter

Hadronic endcap 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 Endcap Muon Chambers

December 2015

92 M
6.3 M
350 k
170 k
4900
5600
3500
7160
370 k
320 k
357k
31k
370 k
320 k

98.2%
98.6%
97.3%
100%
99.2%
99.6%
99.8%
100%
99.5%
100%
99.7%
98.4%
96.6%
99.6%
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Scalar leptons?

Simplified Model: 75 7z > 2 =

— I B I e B B Q
o) O
& 1 O —e— Observed 95% CL S
o S
= = Expected 95% CL c

1E B NLO Theory ¢10)
107

1072

100 150 200 250 300
m. [GeV]
On the edge of being
able to constrain staus

1509.07152
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ATLAS pMSSM: zj’ LSP
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Run-1 Summary of
Supersymmetry

Interpreted in the general
[19-parameter] pMSSM
— “phenomenological” MSSM
— R-parity conserving
— Neutralino LSP

Allow Sparticle masses up to 4 TeV
— 500 million models sampled

Apply prior experimental constraints:
— EW precision measurements
— Mass bounds e.g. from LEP, Tevatron
Q1 5p < Dpjanck

Consider carefully the remainder
— 310,327 : models before Run-1
— 30 billion : signal events simulated
— 44,559 : models required full simulation
— 600 million : signal events thru GEANT

Present exclusion (fraction of models) in
2D or 1D projections

Overall summary of 22 different

3'd generation Inclusive

Electroweak

Other

ATLAS Run-1 search papers

O-lepton + 2-6 jets + EF"™
O-lepton + 7-10 jets + EPS
[-lepton + jets + Eil“ss
T(7/0) + jets + EI™S
SS/3-leptons + jets + EM
0/1-lepton + 3b-jets + ET*
[-lepton stop
2-leptons stop
Monojet stop
Stop with Z boson
21>-jets + E_rlpiss

| o+Er— stop |
e
2-leptons

2-T

3-leptons

4-leptons
Disappearing Track

Long-lived particles

H/A - 571~




Parameter

Min value

Max value

Note

mj (= mj,) 90 GeV 4TeV  Left-handed slepton (first two gens.) mass

mz (= mg,) 90 GeV 4TeV  Right-handed slepton (first two gens.) mass

mj, 90 GeV 4TeV  Left-handed stau doublet mass

mg, 90 GeV 4TeV  Right-handed stau mass

mp, (= mgp,) 200 GeV 4TeV  Left-handed squark (first two gens.) mass

My, (= my,) 200 GeV 4TeV Right-handed up-type squark (first two gens.) mass
my (=my,) 200 GeV 4TeV  Right-handed down-type squark (first two gens.) mass
mgp, 100 GeV 4TeV Left-handed squark (third gen.) mass

My, 100 GeV 4TeV Right-handed top squark mass

mg, 100 GeV 4TeV  Right-handed bottom squark mass

M| 0GeV 4TeV  Bino mass parameter

|M,| 70 GeV 4TeV  Wino mass parameter

|4 80 GeV 4TeV  Bilinear Higgs mass parameter

M, 200 GeV 4TeV  Gluino mass parameter

|A,] 0GeV 8 TeV  Trilinear top coupling

[Apl 0GeV 4TeV  Trilinear bottom coupling

|A| 0GeV 4TeV  Trilinear 7 lepton coupling

M, 100 GeV 4TeV  Pseudoscalar Higgs boson mass

tan 1 60 Ratio of the Higgs vacuum expectation values

Table 2: Scan ranges used for each of the 19 pMSSM parameters. Where the parameter is written with a modulus
sign both the positive and negative values are permitted. In the above, “gen(s)” refers to generation(s).
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tan 3

H = Tt exclusions in the pMSSM

December 2015
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