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Data Samples

CMS Integrated Luminosity, pp, 2016, Vs = 13 TeV

Data Included from 2016-04-22 22: 48 to 2016-10-13 02:07 UTC
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Spectacular performance of the LHC during 2016
Data quality in 2016 : >90% of data collected usable for
analysis
Large pile-up : Average number of vertices > 20
—>Many Challenges
— Detectors (occupancies, ...)
— Trigger (thresholds, rates)
— Readout (bandwidth)
—  Offline (Tier-0, Grid)

Samira Hassani
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Trigger and Performance

cns Proliminary zme, u-u TaV, &Nb‘
AL T

> Al Ml T
o 1 T - ——r . > f e 3
_8 L ¥ - S " ATLAS Preliminary  pata2016, {s=13Tev, 127pb" |
EO.B* 1 =1 g = Z > pp, 1.05 < '] < 2.4 .
- e-y turn on o T e :
0.6 L i
Z (Er> 20-40 GeV) i \Smgle muon trigger
0,4; & 20 GoV treeh. wio bstumon 0.5 24 GeV T threShGId
$ L3l
i | 30 GeV vean. mo isoaton L ¢ H}AUZO . . B
0.2 7 & 400V oween. wo betnon T T HLT muse-varmesim ]
r : r _L ‘ ‘ with respeclt to L1 | 7
sl bl i A m Q™56 40 60 80 100
10 20 30 40 50 60 70 80 90 100 offline muon P, [GeV]
E, [GeV]
ol J§=1{3TeV, L]=9.2fb'1
! AT LS =TT A - LN B N L N AL L L
2 g 1.003F ATLAS Preliminary 3
2 : 8 \s=13 TeV, L = 3.2 (2015) + 2.7 (2016) fb’’ 1
hT CMS-DP-2016-043: § 10024 2015 -
E 3 [ -9-2016 ]
Muon E €, oo1d B -
reconstruction . ;" L LL° I% T .
— _+_ " o -1 N _l\.
efficiency ] 1y l_L Ii:+ e ST I -
E 0.999 -
—e— Data, 2016 B C ]
B Simuiation : 0.99; 0 s T T e s 30
CMS Preliminary E "
0.80 Lo | PR B R Lol 1 R N
A R electron energy scale to ~ 0.1-0.2%

N(primary vertices)

Samira Hassani



Fermilab HEPCloud

For 2016 Moriond
Fermilab HEPCloud compared to global CMS Tier-1

20 Days from 201"”391 11 to 2016-02- 11
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Standard Model Measurements

Many measurements from Run-1 and Run-2

With very prompt and excellent Luminosity measurement of 2.7% (CMS) and
2.9%(ATLAS)

Important steps forward in physics modelling in the last years:
— NLO event generators — now standard
— (N)NNLO calculations increasingly available

These help face the challenge of the precision of the LHC data



Status at N3LO

+UV and IR counter terms
Known[Pak, Rogal, Steinhauser; Anastasiou,
Buehler, Duhr, FH; Hschele, Hoff, Pak,
Steinhauser, Ueda; Buehler, Lazopoulos]

Real-Virtual Squared

KNnown [Anastasiou, Duhr, Dulat, FH,
Mistlberger; Kilgore]

Double Virtual- Real

Known [Dulat, Mistiberger; Duhr, Gehrmann]

Triple Virtual

Known from QCD Form Factor
[Baikov, Chetyrkin, Smirnov, Smirnov,
Steinhauser; Gehrmann, Glover, Huber, Ikizlerli, Studerus]

Double Real - Virtual Triple Real
qq  channel known [Chihaya Anzai, Alexander Hasselhuhn, Maik Hoschele, Jens Hoff, William Kilgore, Matthias Steinhauser, Takahiro Ueda]

2 terms in soft expansion [Anastasiou, Duhr, Dulat, FH, Mistiberger,Furlan;

Li, Mantueffel, Schabinger, Zhu] 2 terms in soft expansion [Anastasiou, Duhr, Dulat, Mistiberger; Zhu]
37 terms [Anastasiou, Duhr, Dulat, FH, Mistiberger] 37 terms [Anastasiou, Duhr, Dulat, FH, Mistiberger]
[to be published]

August 4th 2016 ICHEP Chicago



Why was it only possible last year?

» Have used all the tricks in the box and invented new ones:
- Reverse Unitarity
- Differential equations
- Mellin Barnes Representations
- Hopf Algebra of Generalized Polylogs
- Number Theory
- Black Magic of Soft Expansion by Region
— Optimised Algorithm for IBP reduction and hugely powerful computing resources

Integral Statistics

#diagrams ~1.000 ~100.000
#integrals ~50.000 517.531.178
#masters 27 1.028

#soft masters 5 78

August 4th 2016 ICHEP Chicago



RunT: precision, differential, rare processes
CDF, 9.4fb", WW/WZ — Iv+bb/ Iv+cc ATLAS , 20.3fb", 8TeV, WW, arXiv:1603.01702
G(WW+WZ) = 13.742.4+2.9 pb
arXiv:1606.06823 CMS , 19.7fb", 8TeV, WW, EPJC 76 (2016) 401
ATLAS, 20.3fb", 8TeV, WW, ey, 1 jet \ _ coms 19415 TeV)
STDM-2015-24 SoF T T T -
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sin“®yy @ hadron colliders

...Extracted from Agg measurement

DO, 9.7fb", AFB, sin’Oyeff
PRL 115 (2015)041801

/#/qq/u

Aw 1+(qq/ll q/#)>

q//t/Jq/u —1_ 4|Qq/ﬂ,|sinz 9(3%“

FERMILAB-CONF-16-295-E.

CDF, 9.4fb", AFB, sinOyseff
PRD 93 (2016) 112016

D0+CDF combination sin*Qyeff
Fermilab-Conf-16-295-E

LHCb, 1+2fb", 7 & 8TeV,
Z — pup, JHEP 1511(2015) 190

ATLAS, 4.8fb", 7TeV
JHEP09(2015)049

CMS, 1.1fb", 7TeV
PRD 84 (2011) 112002

LEP-1 and SLD: Z;p:’ole 00.2314910,00016
LEP-1 a LD: A
nd S FB 053221:0.00029
LD: A
SLD: A, & 0.23098+0.00026

CMS o 1 b

0.2287+0.0032

ATLA 5"
Bt *—16.2308+0.0012

LHCb o3 fb™ "~ %70.23142+0.00107
CDF a9 fb” —*0.2315:0.0010

CDF ee 9 fb” 0.23248+0.00053
ggzee: 7:19 fb 0.23221:0.00046

——
August 2016: preliminary 0.23137+0.00047

TeV combined: CDF+DO0

August 2016: preliminary

T T T S T—

~%.23179+0.00035

Indirect measurements

LEP-1 and SLD (m,)

NuTeV 80.135+0.085
CDF a9 fb! o .80.365+0.047,
CDFee9fb"! e~ = 80.313+0.027

CDF ee+xx9 b’ o=

DO ee 10 fb™

August 2016: preliminary

August 2016: preliminary

- 80.385+0.015

Direct measurement
TeV and LEP-2

l | l 1 |

-~ 80.363+0.020

80.328+0.024

—o= 80.3731+0.024
TeV Comblned CDF+DO 80.35+0.018

|

0.226 0.228 0.23 0.232 0.234 go gp.1 80.2 80.3 80.4 80.5 80.6

lept
sin® O

W-boson mass (GeV/c?)

Tevatron: 1.5 permille precission, LHC at 5 permille precission

— approaching e*e- precision, dominant unc.:

Indirect constraint on W mass — consistency of SM

LHC: PDF, Tevatron: statistical, PDF

Ulla Blumenschein, Top and EW measurements, ICHEP August 9" 2016
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Top pair cross section overview

..most recent:

ATLAS, 3.2fb", 13TeV,
Dilept., arXiv:1606.02699

CMS, 2.3fb",13TeV, I+jets
CMS-PAS-TOP-16-006

CMS, 2.53fb",13TeV, all jets

CMS-PAS-TOP-16-013

CMS, 26pb™',5TeV, dilept.
CMS-PAS-TOP-16-015
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CMS ep* 13TeV(L 22"
ATLAS ee/up* 13 TeV (L =85 pb’ Y
ATLAS lqets 13 TeV(L -85 pb }
CMS |+jets” 13 TeV (L=23fb )
CMS all-jets* 13 TeV (L =253 fb™)

* Preliminary
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Czakon, Fiedler, Mitov, PRL 110 (2013} 252004
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CMS ttbar cross section measured at 4 different energies

LHC and Tevatron results consistent and in agreement with NNLO+NNLL
over a large range of centre-of-mass energies



Top properties, recent results

Very active field in the past years:

- Top polarisation

- charge asymmetry

- W helicity

- Spin correlations

- Width

- coupling to gauge bosons ...

CMS, 12.9 b, 13TeV, ttZ, tW
CMA-TOP-16-017

ATLAS , 3.2fb", 13TeV, tttt search
< 21 x ogy., ATLAS-CONF-2016-020

tt-Z coupling
Important backgrounds

o(ttZ) = 0.70 +0.16-0.15

+0.14-0.12 pb

o(ttW)=0.98 +0.23-0.22

+0.22-0.18 pb

(— ttW: 3.90, ttZ: 4.60)

CMS ttZ and ttW
CMS Preliminary 12817 (13 TeV)
) I ~ - :
c . - Data B
:>J> + 3L, 3 jets vz ]

Bt
Bz
[ rare

B nonprompt E

2l

=0b 21lb,=0mb =0lbz1mb =1lbz=1mb

CMS , 2.6fb™", 13TeV, tttt search
<10 x ogm, CMS PAS TOP-16-016

DO, 9.7fb™", Top polarisation
|+jets, arXiv:1607.07627

DO Top polarisation

through angular distributions
of the decay leptons cos 0,
— consistent with SM

First measurement of

Events

700F -1 e Data 8t P=SM
6005— [?g' 9.7 fo W Multijet oo £ Paat

= (f) [ Other bgs == tf P=-1
500F-

Wajets [ Syst. Unc.

------- “

g 2 2 i
transverse polarisation: % 0.8 68 6 4G 6 05 04 GE Of&:
0.040+0.034 (SM: 0.011) = +c08 8.(transverse)

Ulla Blumenschein, Top and EW measurements, ICHEE,—Auust 9™ 2016 11
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Direct

ATLAS and CMS results

ATLAS+CMS Preliminary LHCIOPWG  m,,, summary, Vs = 7-8 TeV

total uncartainty

m,., = 173.34 £ 0.76 (0.36 £ 0.67) GeV

ATLAS, lsjets (*)

ATLAS, dilepton (*)

CMS, l+jets

CMS, dilepton

CMS, all jets

LHC comb. (Sep 2013)
_loﬂd comb. (Mar 2014)

total stat

m, t total (stat = syet)

172,31+ 1.85 (0,75 + 1.35)
173.09 = 1.63 (0.64 = 1,50)
173.49 + 1.06 (0.43 + 0,97)
172.50 = 1.52 (0.43 £ 1.46)
173.43 = 1.41 (069 = 1.23)
173.29 + 0.95(0.35 + 0.88)
173.34 + 0.76 (0.36 + 0.67)

Aug 2016

| Rel
7TeV 1]
7TeV 12
7TeV 13
7 TeV 4]
7 Tev 15
7 TeV §)

1967 TV (7]

ATLAS, l+jets
ATLAS, dilepton
ATLAS, all jets
ATLAS, single top
ATLAS, dilepton
ATLAS, all jets
ATLAS comb. (s
CMS, l+jets

CMS, dilepton

CMS, all jets

CMS, single top

CMS comb. (Sep 2015)

et

172.33 £ 1.27 (0.75 * 1.02)
173.79 = 1.41 (0.54 = 1,30)
1751+1.8(1.411.2)

1722+21(0.7x2.0)

172.99 = 0.81 (0.34 = 0.74)
17380 =115 (055 = 1.01)
172.84 +0.70 (0.34 + 0.61
172.35 = 0.51 (0.16 = 0.48)
172.82 £ 1.23 (0.19 £ 1.22)
172.32 = 0.64 (0.25 = 0.59)
172.60 = 1.22 (0.77 = 0.95)
172.44 +0.48 (0.13 £ 0.47]

(") Superseded by results
ghown below the ine

I | I —

[

[V ATLASGONP-391 300
14 ATLASCONF-am1 3001
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14 Car Prwy e €72 (0 1) 20
19 Ear Py e 004 (01 4) D%

D] ATLASCOMP204 3102
1) a0 1 e atrr
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¥ Do Pryad O75 fin) v
9] ATLAS-CONF 201 4085

7 TeV 18]
7 TeV 18]
7 Tev )
8TeV [10]
BTeV [11)
8TeV 12
748 TeV [11]
8 lev [13]
B8TeV [13)
8 TeV 193]
8 TeV [14)
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1190 ¥ | 606,024
13 ATLAS-CON- 00 0nd

[13) 5 ps o 100 (000 ST2000
114) (M2 45 0P +500m

l | —

165 170

175 180

Myp [GEV]

185

op mass measurements

CDF and DO results

July 2016 (* preliminary)

CDF-II dilepton

171.5£3.2 {£19225)

DO-Il dilepton * 173.50+1.56 (+1.31:084)

————

CDF-Il alljets 175.07 £1.95 (1552 1.19)

———

CDF-Il MET+Jets 173.03+1,85 (+1.26=1.38)

— —
CDF-Il lepton+jets 172.85+1.12 (0.2 0.98)
————
DO-Il lepton+jets 174.98+0.76 (:0.41:0.63)
_—

Tevatron combination * 174.30 40,65 1:0.35: 0.54)

({Cstit * )
arXiv: 1608.01881

(Run | and Run II)

| I l

165

170 175 180 185
m, (GeV/c?)

LHC and Tevatron results with nearly comparable precision of 3-4 permille (0.5 GeV)
LHC top mass systematically limited: MC modelling, (b)JES
Template/Matrix element methods — Monte Carlo top mass parameter

Ulla Blumenschein, Top and EW measurements,

ICHEP, August 9" 2016



Rediscovering the Higgs

* Legacy run-1 results
* Run-2: 13 TeV , many results with > 13 fb-1
* SM h(125) clearly rediscovered
 several searches already surpassed run-1 sensitivity

T T T

= i AR L

E |§ 1t ATLAS and CMS

< - LHC Run 1

6 !

ELL|> 10 'F 3
:zl.;

102:—

¢t ATLAS+CMS ]
....... SM Higgs boson

107°
— [M, €] fit
[ 168%CL
| ]95%CL
104:“ s e aaaaaal iaaaasal 3
10°° 1 10 10°

Particle mass [GeV]



Higgs Boson Production at 125 GeV

P ' rerprrrrprrrpr ey e N
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Higgs Profile in Run 1

Gluon fusion
measurements,
starting to approach
SM theory

uncertainties: 15%

Mild excess in
ttH and ZH

Production modes

L
(&)}
(@)}

ZH WH VBF

ttH

ATLAS and CMS -o- Observed +1c
LHC Run 1 Th. uncert.
| .
27 »
WW o
| %
1Y I to—
ZZ| —e—+ —
WW | +
T o
1Y — i —
WW —— -
T [ —— |
bb 4
1Y e
WW ——— _
| o S
bb |
Y| e
WW | e
T . :

6 4 2 0 2 4 6 8 10
Precision test of Higgs boson coupling strengths

CMS and ATLAS combined 7 and 8 TeV
results Run 1 legacy papers:

Mass: Phys. Rev. Lett. 114, 191803
Rates and couplings: arXiv:1606.02266

Mass has been measured to
0.2% precision
m,=125.09+0.24 GeV

Angular distributions
consistent with spin 0 and
even parity

All couplings are consistent
with SM within 2.5¢

Coupling strengths



Higgs—=>vyy

Signature: 2 isolated photons

— All production modes targeted ggF, VBF, VH (only ATLAS), ttH events

Signal extracted through fit of m,, in different event categories

— Main backgrounds: yy and y-jet production

12917 (13 TeV)
1 1

—eo— Dala

weenes Background

e Signial + Background
— Signal

All categories
S/(S+B) weighted

§ Data

¥ weights / GeV

80
60
40
20

-
b
—

ATLAS Preliminary
15=13TaV, 12340
Hopr.m = 126,09 GeV
S/B weighted sum of
event categories

L1l ll 1 llll llll llll llll llll ll[l ll

-
N = o [=3=]
T TITTT

Y weights - bkg

Dominant systematic uncertainty: photon energy scale and resolution and background

choice bias (smaller than statistical uncertainties)

Samira Hassani



Higgs—=>vyy

. - - - Fiducial o:
Measurements of fiducial cross section Event yields corrected for
13 TeV Fiducial o (fb) SM prediction (fb) detector inefficiency and

resolution for minimal

ATLAS (13.3 fb') | 43.2+14.9(stat)+4.9(syst) | 62.8"34, , (N3LO+XH) theoretical modeling
CMS (12.9 fb") 69+1¢ ,,(stat)*® ((syst) 73.8+3.8 sig
O. = V'—
100 19.7 o' (8 TeV) + 129 (13 TeV) ' C. f L dt
1

Differential cross section measurements

T T

_ B I S e ——
% | ATLAS Preliminary m, = 125.08 GaV' & |ATLAS Preliminary m, = 126.09 GeV
50 2 4 damtotunc [systunc, [ 09-H NNLOPS « XH 5 |+dam totunc. [systunc. [ 09— H NNLOPS + X
- H-yy, \5=13TaV, 133" Koz = 110 = 15 H-y7, (5=13TaV, 133" Koz =110
. o <= XM =VBF + VH + ttH g == XH = VBF 4+ VH + #H
5 94 ° ati k, R«04. N, 20
& E
40 © 3 i
0 |
0.5+ :
05
U 1
%5 ' ;
E T
G(TeV) c'""l""f"'l """" loccebzanclkepadancetsaad 2 L ST el il il drdriel
Important to improve MC

]

9 reduce SyStematiC 0 20 40 € 80 100 120 140 160 ,.160 20 0o —"20 a0 80 80 100 120 140 160 180 200
o Py [GeV] Pr,y [GeV]
uncertainties

generators and calculations

data / prediction
o Py nN
data / prediction

Samira Hassani L A



Higgs—=>yy

Production cross section and - T
signal strength ATLAS Predminary +—e— Total
o - =13TeV,133
— Events are split into orthogonal s °
categories that exploit topological Moy 8 . i W, =-025 7%
differences between production .
mechanisms How 1= : * ‘ Moy =023 “yos
. _ +0.80
Extract strength of production Hver [~ N =224 o7y
processes in a 2-parameter fit Ko e b, =059 0%
L o 0.85%%
CMS Preliminary ‘ 12917 (13TeV) o ij
T AR A L L e | _117+
e A R S Moot [ e T e
3_%’ af i ‘ vsm = 2 0 1 2 3 4 5
- : —% Signal Strength
2°F i . -2
of - -
C ‘ P - . . . . .
15E  pu=095%2 Achieved similar precision to Run 1
- i : Measurements compatible with SM
- —] . . « g
' : Results still dominated by statistical
05f = uncertainty
0:_ .'\.. '.l; —:
- my, Profiled - 3
:I ' ||||1||||||11||||1||||||11|||||11|||||:

1
—0.5 o 05 1 15 2 25 3

l'.iggH,ttH

Florencia Canelli - University of Zurich 14



H->Z77*->4leptons

Narrow peak over a flat background

Signature: two pairs of same flavor, opposite sign, isolated leptons
— All production modes targeted ggF, VBF, VH, ttH events

Extraction of signal through fit of m,

— Also uses kinematic discriminant (e.g. My;, My, 5 angles from decay chain, matrix
element) used to enhance the signal purity of different production modes

Dominant systematic uncertainty: luminosity and lepton SF (smaller than statistical
uncertaint

12917 (13 TeV)

T T T T T T T T T T T T T T

f— I ¢ Data —

™ ATLAS Prellmlnary[: Higgs {m" = 125 GeV) N

r N el 2z ]
H—Z2Z"— 4 —

C 13 TeV, 14810 H+V, VWV

r 4 Uncartainty

e Data

[ H(125)

[ 9g9—ZZ. Zy*
I 99—ZZ Zy*
@ Z+X

Events / 4 GeV

Events/2.5 GeV

IlllllIllllIllllllllllllllllllllll
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m,, (GeV) m,, [GeV]



H->Z77*->4leptons

Measurements of fiducial cross section

5p

)
z
S

13 TeV

Fiducial o (fb)

SM prediction (fb)

ATLAS (14.8 fb1) ‘ 4.54+102

CMS (12.9 fb1)

2.29+074

‘ 3 .07+0.21_0.25

ea(stat) 030 o (syst) 2.53:0.13
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; 0 Data (51t @ wys unc.)

o — Systematic uncarainty
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Differential cross section measurements
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Combination H=>yy and H>ZZ*->4leptons

« Combine H->yy and H>Z->4l inclusive samples, with no categorization

- Higgs production is observed with 10c significance (8.60 expected) with 13 TeV data
in agreement with SM expectations

Measurement at 13 TeV SM prediction at 13 TeV

o (pb)  59.0°%7(stat)4, (syst)  55.524,,

b 1,130, 47 1
ATLAS Preliminary m,=125.09 GeV E [ T o T T T T :
=S - - 125,
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Clear re-discovery of the SM Higgs boson

Florencia Canelli - University of Zurich 17



Towards Discovery - ttH

* Probing the Yukawa coupling between top and Higgs at LHC:
— via gluon fusion cross section, assumes no BSM particles runmng in

the loop
— directly at tree level, via associated production:
8 ; > t
................. H

ttH(—>bb): Uses H=>bb with one or two W bosons
decaying to e or p (and ttH (hadronic) with both W
bosons decaying hadronically)

Higgs decay

mode

ttH(multileptons): targets H> WW, ZZ, tt (T decaying
leptonically and hadronically), and additional leptons
from top quark decays

ttH(yy): included in H->yy analyses

Samira Hassani

H->bb 58.1
H>WW 21.5
H->T1t 6.3
H>ZZ 2.6
H-2>vy 0.23




Towards Discovery - ttH

* Direct probe of top Yukawa coupling

I oo —— 1
« Cross section at 13 TeV is 4 times that at 8 TeV
- ->--H
+ Results presented with 2015+2016 data for
¢ ooo—— 1

. ttH, H—bb

« ttH, multilepton final states ATLAS-CONF-2016-068

ttH H—)‘Y‘Y ATLAS-CONF-2016-068
. s T T 1 l T T T | T T 1 | T T T | T T T | T 1 L]
ATLAS Preliminary 1s=13 TeV, 13.2-13.3 fo
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. 14~ 3TevV 133 : -1, -1, .
 Combine all three 13 TeV analyses ( : :
: 1.3 +0.7 +11
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— Dominant backgrounds, depend on channel: Z+b, tt

VH->bb

* Analysis strategy: utilize leptonic decays of Z/W events
— Multivariate techniques necessary to achieve good S/B

— Most discrimination from m,, and AR(b,,b,)

« Systematic and statistical uncertainties of the same size

ATLAS Preliminary {s=13 TeV, |Ldt= 13.2 fb"

ZH

WH

Combination

ATLAS (13 TeV)

Significance
(expected)

0.4c (1.940)

ATLAS+CMS (8 TeV) 2.66 (3.70)

Sy

T L S B S L B B B B R
- — Tot. |
Stat. Tot. ( Stat. Syst. )

0.67 0.49 +0.45
— H=e=H 0'154—-0.64 to.47 fo.44) —
I —— 0.95 0.68 +0.68\ _|
0.33j0'92 (t0.64 t0.67)

— Fod _ +051

e PR S I i |
0 2 4 6 8 10

Best fit p=o/c_ _for m =125 GeV
SM
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Tevatron 2.8c
W(Z)Z(>bb) i N
Observed p 0.91+0.17(stat)

Significance

*0-32 1, y7(syst)

3.0c (expected 3.20)




H->uuw rare decays

A very rare decay in the SM

— Probe Yukawa-coupling to 2nd-
generation fermions and mass
dependence

— Test of the Higgs coupling to leptons

Signature: Very clean signature from
dimuon final state but Z/y*—pp
overwhelming irreducible background

Analysis strategy:

Search for peak in m,, spectrum over
smoothly falling background

— Categorize events according to VBF
and ggF signature enriched

S 45-ATLAS Prelminay
o 40F VBF \s=13TeV, 13.210"
Q0 =
£ 35F
[N —e— Dat
30 B:ciground model j
25 — Signal [125] x 20
20 :
15E-
10E-
5 | ' '
0: ; |..‘.£... Loy J....|..+.l+....l....’
4
E ‘3' .++§++.+*.+.+....e..+++¥.+,...++§‘..+.+++.‘.e§..+.+ou++++
-2 + ¢ o+ + + + il
-4 !
110 115 120 125 130 135 140 145 150 155 160
m,, [GeV]
ATLAS Upper limit x SM
(expected)
Run 1 7.1 (7.2)
Run 2 4.4 (5.5)
Combined Run 1 3.5 (4.5)
and Run 2

Florencia Canelli - University of Zurich 30



Exploring the unknown

arXiv:1311.0299v1

Big Questions

Big
Ideas

SUSY
Compositeness,
Extra dimensions

Extended
Higgs Sector

Top
Partner
W'z
Minimal

Dark Matter

Hidden

Sector

Multiverse

The outstanding goal for the ICHEP conference was to be ready and not
miss any potential discovery with this dataset.

Samira Hassani



Exploring the unknown

« No significant excess was found, nor previous modest excesses confirmed.
* A few ATLAS non significant but noticeable excesses to follow up:

— Stops 1L: In (4), 1b, high MET) 3.3 0 (No excess in CMS)

— V(W)H(Full hadronic boosted) 3.5 0 (2.5 0 global) at 3TeV (No CMS result)

— Paired dijet local 2.6 0 (2.1 0 global) at 870GeV (No CMS result)

— Four leptons high mass 2.90 (1.9 0 global) at 705GeV (No excess in CMS)

— ttH ML in SS-0 T and SS-1 T not significant but excesses at Run1 in ATLAS and CMS

*  From CMS: 7 jet high mass 3.7 0 (2.8 0 global) at ~2 TeV (not seen in ATLAS with
similar luminosity)

* However not all results on previous excesses have been released !

Samira Hassani



Heavy Resonances
Neutral Charge Charged
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events/20 GeV
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Search for di-photon resonances
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Heavy Higgs—> 7724l

« Search for an additional heavy scalar
— Assumed to be produced via the ggF and VBF processes

« Extension of the H>ZZ measurement and fits the m, distribution

« No signal seen we set limits for different decay width 'y, assumptions

CMS Preiiminary 129" (13 TeV)
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Heavy Higgs—> 7724l

« Search for an additional heavy scalar
— Assumed to be produced via the ggF and VBF processes

« Extension of the H>ZZ measurement and fits the m, distribution

« No signal seen we set limits for different decay width 'y, assumptions
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: | JExpected + 16 7 3 7 Uncetainty 3
|:| Expected + 2 ¢ - ]

95% CL limits on 6, x BR(S— ZZ — 4) [fb]

—1 | | | | | | |
10200 300 400 500 600 700 800 900 1000
mg [GeV]
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Highest mass di-jet event: 7.7 TeV

CMS Experiment at the LHC, CERN
Data recorded: 2016-May-11 21:40:47.974592 GMT
Run /Event / LS: 273158 / 238962455 / 150




Di-jets Resonance Searches

Background modeled by parametrized function for search

ATLAS-CONF-2016-069
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Search for di-lepton resonances
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VV/Vh/hh Resonance

INITROIQOS INOTTSLQTTUTNCOND S LR

« Search for VV/Vh/hh resonance in leptonic/hadronic ,
decay channels using large-R jets with jet

substructure techniques

Z(IV Z(W)V W(Iv)V VV(JJ)




Revisit diboson excesses in RunT
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Resonance Search Summary

¢ Up to 25% mass limit increase by extending 2015 to 2016
~50% of the analyses updated to Run2
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Collider Dark Matter Signature - Mono-X

ETmiss+ X a k.a. Mono-X
e XfromISR jet, b, t,y, W, Z MET=1667GeV

jet

o =
/ —

Jet pr= 1466 GeV

-2 Run'Event: 2881455 / 55003059
:/‘* Lurmi section: 434

« X from paired tt, bb



My [GeV]

Dark Matter exclusion limit

 No significant excess observed so far
* DM mass exclusion up to ~550 GeV
 VVector Mediator mass exclusion up to 1.95 TeV

CMS Preliminary ICHEP 2016
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- | CMS
) SUSY searches: multileptons

24 el L

ICHEP2016CHICAGO CMS PAS SUS-16-022

CMS PAS SUS-16-024

Clean signature for complex final states: selecting on the jet activity we can
be sensitive to ‘strong’ SUSY productions or Electroweak SUSY production

P \ .
Example of \ _____ 20 ../._/
1

two SUSY X\

- - - ~0 I

production = X Lo E_ X
P, vn 9 B \
Strong E weak )

Analyses characterized by large number of Search Regions.

>

>3

EWK searches: 118 different search regions (dependent on N_jets, N_btag,
N _Leptons, flavour, charge...

Strong searches: 32 search regions (nature of jets, Ermiss, XE;, di-leptons
consistent/not consistent with Z decay. 25



. CMS
SUSY Multileptons: some results

ICHEP2016CHICAGO

Corrgact Muon Solenas

None of the search regions has shown significant deviations from the expected

SM background : largest deviation 2.5 ¢ for same sign di-leptons,

Njet=1,M1<100GeV, E;™ss>150 GeV and pt(ll) 250 GeV CMS Proiiminary  12.9 b (13 TeV)
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Electroweak production: In flavor CMS PAS SUS-16-022 | Strong production: we exclude gluino
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model of T1tttt 26
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Events

Stop Search: t—bWy °, t-ty ° ATLAS

. b t
R missy/ , 2
Event topology: WbWb+E ™ (+jets) ) 2 wE :
» Divide according to W decays: 0¢, 1€, 2¢, t b = X1 b X1
- 1 -
\A_\\ ilq: iﬂ ‘;‘\ \{U
- . f 1 1
In total, 35 signal regions p XX \‘-’C P N
« Aiming to cover m(y °) vs m(t) plane b ;
» Largest excess 3.30
. —— R t, production, > b 117 /t»c % /> Wb /t>t7  Status: ICHEP 2016
10“ XF‘LASTvlﬂrellmlqary ' —o—?at(aISM S‘GOOIIIIIIIIIIIIIIIIIIIIllllllllllllllélllllll
=13 TeV, 13.21b Stop 1 8 . ; ﬁO a 8 — ATLAS Preliminary 1s=13 TeV 2015+2016
h 201 5+201 6 : ) W+jets = - B i wey 10L 13.2 " [CONF-2016-077] -
16 : -ﬁw*’ E"N’ s00l— E=iotf 1L 13.2 fo” [CONF-2016-050) _]
E E Di{x)son - EEi-Woi, 12L 13.3 fb” [CONF-2016-076] —
107 H Z+} ~ EEisc? MJ 3.2fo" [1604.07773] (2015 only) ]
. Caution: 405l S ys=8TeV, 20 b Run-1 [1506.08616] B
10 d]?;le:'g:t L = Observed limits  ==-= Expected limits All Ilrprts at 95% CL ]
decay i e B
i modes 300~ S 7 T .
2 overlaid - -
0 : - -
-2 pesneecpeney [e=rpreqresnune) 1 geerpueapesfecapeseyencpenn 1 1 200:__ _______ 7
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For m(z %) < 200 GeV, m(f) < 800 GeV s, [GeV]

excluded except in rather small regions



Summary

13 tb-'@13TeV not so lucky for ATLAS and CMS!
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Diboson cross section summary

Final precise 8TeV diboson cross sections, differential cross sections.
New 13TeV cross section, starting to go differential.
Measurements consistent with NNLO

Diboson Cross Section Measurements Status: August 2016

OOOOOOOON —
LOCCOCOC O -
ot tatatat e s

yY
Wy—tvy BB E— ATLAS Preliminary

= [Mjee = 0]
Zy—stty Run1,2 V5 =7,8, 13TeV

= [Mjee = 0]

—Zy—-vyy
WV-fvqq

ww

- WWaosep, [nje = 0]

vvvvvvvv

~WW-sep, [ = 0  mc I nnwoaco
- WW-eyp, Njer = 1 ases A TS
w2z C 8% nLoacD
& HCpp Vs=7TeV
- WZ-O(V(( 523 o.o Data
i =m O
27 stat @ sys!
HCpp Vs=8TeV
Dat
— 2Z-4¢, (ot o
—ZZ—4f LHC pp Vs =13 TeV
Data
— ZZtbvy mm
stat & syst
22°24¢ '
L A A A A A 1
0.6 0.8 1.0 1.2 14 1.6

ratio to best theory

Ulla Blumenschein, Top and EW measurements, ICﬁEP, August o™ 2016



Higgs Boson Decays at 125 GeV

H>ZZ* >4l Observed decay modes:
Rare (3%) YY, ZZ, WW, Tt

by et Ce_)wrare (0.2%) -

Abundant (6%) AM/M ~ 1-2% : /l?l 1 il Missing bb,cc, py, Zy

S/B<1
AM/M ~ 10-20% Q%)\\ AM/M ~ 1-2%
H->gg (8.5%) \ .

Very Abundant (22%)
S/B<1
AM/M ~ 30%

Abundant (58%)
S/B<<1
AM/M ~ 10-20%

Samira Hassani - 49



Events / bin

Data / Pred.

f Single Lepton
"t Pre-fit

Largest branching ratio and lar
sensitivity to the Higgs-Bottom

Analysis strategy: categorize events according to amount of

leptons, jets, b-jets

— Main background tt+heavy flavour production: very challenging

theoretical description

ttH(—>bb)

background, also offers

e
gYukawa coupling

Dominant systematic uncertainty: signal and background
modeling and normalization (larger than statistical

uncertainty)

ATLAS uses BDT to reconstruct Higgs

background for each category

[ ATLAS Proliminary [t + light

1s=13TeV, 132"

4Data JH

COtt+21c Pi+21b Wt+V
CINon-ti

Uncertainty -- tiH

Yoy G2 Gz %d I By Yoep Sogy Gag O -1 0806-04-02 0 02 04 06 08

and separate signal and

] T T BEa
5 700, ATLAS Preliminary - Data i
& 1s=13TeV, 13.21b" -gH .
I
600/ Single Lepton = : z%c
F26j,24b i+ >1b
500 post-fit mtis v
Non-tt
400 Uncertainty |
—ttH (norm.) 1
o e ]

Classification BDT output

i b
H <
k b

“ t

CMS includes now a boosted category
and 2D matrix-element and BDT

CMS Preliminary 27f'(13TeV)
I L I LI I L I LI I L I LI I T l-l I L *_
Data  —fiH(x15) —]
g 30~ 1 lepton, boosted it mhe
o () izt
WitE [DSingh Top
25 EVsots [V

EOboson g2 Tot. unc.

Number of

20

15

10

dataMC

08 06 -04 02 0 02 04 06 08
BDT (incl. MEM) dizcriminant

Florencia Canelli - Universityv of Zurich
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ttH(—>bb)

Largest branching ratio and large background, also offers g g t
sensitivity to the Higgs-Bottom Yukawa coupling

b

H
Analysis strategy: categorize events according to amount of - < )
leptons, jets, b-jets ‘ b

— Main background tt+heavy flavour production: very challenging
theoretical description g - t

Dominant systematic uncertainty: signal and background
modeling and normalization (larger than statistical

uncertainty)
ATLAS Preliminary tiH (bb), \s = 13 TeV, 13.2 fb" CMS Preliminary 2787 (13TeV)
I T Tot[ T T T T T T T
Stat. Lepton+Jets -
Tot. ( Stat. Syst. )
. 4.6 +2.9 ( +14 +26
Dilepton —_—e— Vo231 13 19
Dilepton
Single Lepton| F#— R 16 BN R X
B U = 2 0+1.8
-------.--..-------------.-----------------------1--(-) -------- | A = P S _1.8
Combined He- u= 2.1+0'9 ] Combined -
' —\u.
ol oo be oo bea o by Y
0O 2 4 6 8 10 12 14 16 18 T T I
Best fit p = ™o for m, = 125 GeV =10 =5 0 5

Bestfitu= OIOSM atm, = 125 GeV

Florencia Canelli - Universitv of Zurich 20



ttH(multileptons)

+ Targets Higgs decays and focus on final states with clean
signatures and low backgrounds

» Signature: 2-4 leptons, 2 or more jets, and at least 1 b-
tagged jet. Allows at least one 1,4

 Dominant systematic uncertainty: fake-rate measurements
and non-prompt background estimates

ATLAS cut and count analysis in CMS BDT based discriminants including
main different category regions matrix element weights

90

T T

L T T CMS Proliminary 12.9 6™ (13 TeV) ) .
| ATLAS Prelinary -+ Data W reH (SM) : $ CMS Preiiminary 1297 (13 TeV)
sof 18=13Tev, 132" [Ceew I nzir
Pre-lit [H bibosan [ Non-prompt

' [l OMisReco [ osher

Total Unoertainty

BDT (¢tH,wtV) bin

Florencia Canelli - University of Zurich 21



ttH(multileptons)

+ Targets Higgs decays and focus on final states with clean
signatures and low backgrounds

» Signature: 2-4 leptons, 2 or more jets, and at least 1 b-
tagged jet. Allows at least one 1,4

 Dominant systematic uncertainty: fake-rate measurements
and non-prompt background estimates

T T T T CMS Proliminary  2.3+129 fb™ (13 TeV)
ATLAS Preliminary Vs=13 TeV, 13.2fb" m, = 125 GeV

— — +038
tot. stat. tot (stat, syst) M — 20

Hem 40 (710) =

+36 428 2.3
F——e—m 6.2 27 (223, )

+1.7 +1.2 412
0.5 -1.6 (-1.0' —1.3)

<2.2(68% CL)

5 - 2.; .1.. i .‘1. 2 .3...4. ..‘5.. .6
Best fit u = o/oSM

Florencia Canelli - University of Zurich 22




VBF H->bb more difficult to exploit VBF than VH
signature for H—bb but larger production cross-

section

— Forward jets are used to trigger and discriminate
against multi-jet background

— Signal extracted via a fit to the m, spectrum

CMS Preliminary

VBF H->bb

120F

100

Events /5.0 GeV

8 Ilgl

LI
",

232" (13TeV)
CAT3
« Data
_gv»kb=15&w
-—QCD
— et glony CMS Upper limit x SM  Signal strength p
(expected)
gty
ST Run 1 5.5 (2.5) 2.8+16_

Data - Bkg

Run 2 3.4 (2.3) 13412

ATLAS result with 12.6 fb-! requiring a high p; photon to
provide a clean signature for efficient triggering

ATLAS H(>bb) + yj Z(Dbb) + yj 1 sty

4 x SM
(expected 6 x SM)

2 x SM
(expected 1.8 x SM)

Upper limit
at 95% CL




