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@S LHC: Discovery Machine

» The following have been there for decades:

» Higgs fine-tuning problem can point to new EW scale physics
» Dark Matter (WIMP “miracle”) suggestive of new EW scale particle

» Strong motivation for direct exploration of new physics at the
Electroweak Scale with Electroweak Couplings

» Nothing to do with any specific model

» If you had a 13 TeV proton-proton collider, how much data would
you need for this exploration?

» Depends on the kind of new physics
» Answer known for > 30 years: (O(100 fb~1), for a given scenario
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Road map

v

B-physics:
» Measurement of BY — J/1)¢ decay properties
» Study of B(OS) — pp decays

> Higgs
» Lepton Flavour Violating Higgs decays
» ttH(H — bb): all-hadronic and H — bb combination

v

Anomalous couplings in t — Wb

v

FCNC decays with top
» Search for t — Hq
» Search for single t-quark production via FCNC
» Search for t — qZ
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B-Physics
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Measurement of B? — J/1y¢ decay properties

> B? — J/1¢ expected to be sensitive to BSM physics
» CP-violation phase: ¢s
» CPV due to interference between:
» Direct decay
> Flavour oscillation + decay
» SM Predictions:
» ¢s = —0.0364 £+ 0.0016 [rads]
» Indirect determination via global fits
» SM precision much smaller than experimental
» Experimental measurement a viable BSM search

> Method uses observables on the “opposite side” of the event to the B? candidate

> Observables include charge of tracks within a b-tagged jet or cone around /e
on opposite side of event

> Distributions used to built per-candidate Bs tag probability (untagged events
assigned probability of 0.5)
Full likelihood uses m(u* = K*K™), 7, 1, ¢, cos(07), cos(¢7) and initial flavour

probability used as input
arXiv:1601.03297 (January, 13)
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http://arxiv.org/abs/1601.03297

Measurement of B? — J/1y¢ decay properties
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Measurement of B? — J/1y¢ decay properties

= T T
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¢s[rad] —0.123 | 0.089 | 0.041 | 0.12 | 0.25 | 0.05 | —0.098 | 0.084 | 0.040
AT [ps™1] 0.096 | 0.013 | 0.007 | 0.053 | 0.021 | 0.010 | 0.083 | 0.011 | 0.007
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5. —6g [rad] | —0.08 | 0.04 | 0.01 | [3.02,3.25] | 0.04 | —0.08 | 0.04 | 0.01
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Measurement of B? — J/1y¢ decay properties

Latest Heavy Flavour Averaging Group (HFAG) result on weak phase

difference.
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Plot: HFAG Spring 2016
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http://www.slac.stanford.edu/xorg/hfag/osc/spring_2016/#BETAS

Study of B? — pu and B® — up decays

Analysis strategy. BRs extracted applying the formula:

B(BY) — 1t p™) = Nago X [B(BY — J/pK*)xB(J /1) — wtp~ )] x £ x

With Dygrm = Y N
k

fa(s)

» From an unbinned ML fit to m(uu) distribution

» From an unbinned ML fit to m(uuK™) distribution

v

Hadronisation probabilities

1

Drnorm '

* k runs over the 4 mutually exclusive data categories (2012 data split in 3 trigger categories
and whole 2011 data) and «y is the relative integrated luminosity of the two channels for the

4 data categories

arXiv:1604.04263 (April, 14)
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http://arxiv.org/abs/1604.04263

Study of B? — pu and B® — up decays

Triggers (4 mutually exclusive categories for all channels):
» 2011 data based on di-muon trigger with pr > 4 GeV

» 2012 data split into three mutually exclusive categories:
» One muon with pr > 6 GeV and second muon with pr > 4 GeV
» Both muons with pr > 4 GeV and at least one with |n| < 1.05
» Both muons with pr > 4 GeV and |n| > 1.05

Selections:
» Combined muons with pr(u) > 4 GeV, |n(u)| < 2.5

» Kaons (for B¥ — J/9K* and BY — J/1¢ — ut = KTK™)
» No particle-ID — Mass hypothesis to reconstruct kaons 4-momenta.
pr(K) >1GeV, In(K)| <25

» BY, BY, B*, J/1¢ candidates:
» Di-muon vertex (w. or w/o J/t¢ mass constraint)
» Fiducial volume: pr(B) > 8 GeV, |n(B)| < 2.5
» ™ mass resolution and PV requirement
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Study of B? — pu and B® — up decays

Background composition:

» Combinatorial background, the dominant component due to pairs of uncorrelated
muons and characterised by a small dependence on the dimuon invariant mass

> Partially reconstructed B — X decays, characterised by non-reconstructed
final-state particles (X) and thus accumulating in the low-mass sideband

> Peaking background, due to B? — hh’ decays, with both hadrons misidentified

as muons
= F T T T T T T T % T T T > 0.06] T T
Q 016F + 2012 sidebands ATLAS 2 ATLAS Simulation 2 ATLAS Simulation
2 (.14 £ Combinatorial bkg MC {5 = 8 TeV, 20 fb" g 300 2 0.0 Blinded region
2 b B 2 50 18V background - — Total Boh'h
£ 012 S5 +SV (n0B) § [ SS background 5 004 EEQK:K
0.1 -~ Semi-leptonic B_, [T [E Semi-leptonic background & 7:3%?
S MC [ B. background 0.0 BEjK :
150 [t
100 0.02
50) 0.01
35720806 04 02 02704 06 %800 5000 5200 5400 5600 5800 %800 5000 5200 5400 5600 5800
BOT output Dimuon mass [MeV] Mass of two misidentified muons [MeV]
Combinatorial bkg. B — puX Peaking bkg.

Due to usage of multivariate analysis (BDT) for Combinatorial and Peaking
backgrounds ATLAS managed to obtain better rejection of background than CMS or
LHCb.
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I8 Study of B® — uu and B® — uu decays

B(BY — ptu~)=09%53-107°
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58 Study of BY — uu and B — puy decays

BRs in the world...

08 LI L L L B I, L L A B O BB
i ATLAS

Vs=7TeV, 49" ]
Vs=8TeV,20fb" 1

0.6

0.4

B(8® - u* 1) [10°)

T T N B R R R

| ATLAS Contours for -2 An(L) = 2.3, 7]

_0_2¥ 6.2, 11.8 from maximumof L~ _|
ol W N N N

0 1 2 3 4 5 6 7

B(Bs — u* 1) [10°°]

The result is compatible to 2.0 with the SM prediction.
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Higgs
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@ Lepton Flavour Violating Higgs decays

> Not present in initial formulations of the SM (neutrinos assumed to have
exactly zero mass), but can occur in 2HDM and other models. Lepton
number and Lepton Flavour number are accidental symmetries of the SM

» LFV is observed in v oscillations
» Requires modifications of the SM (e.g. add neutrino masses and vg).
New physics phenomena could be related to LFV
» The LFV of charged leptons expected as consequence of neutrino
oscillations is too small to be experimentally observed at LHC
» We hope to find additional manifestations — The Higgs and the Z
bosons decays are excellent candidates

> The Higgs is a totally new playground for such searches
> 2.40 excess in H — ut from CMS: Phys Lett. B749 (2015)

> Z-boson is studied in this direction for a long while (last search at LEP)
arXiv:1604.07730 (April, 22)
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http://dx.doi.org/10.1016/j.physletb.2015.07.053
http://arxiv.org/abs/1604.07730

Lepton Flavour Violating Higgs decays

Three new searches:

1. H— eThag and H — uthag (see dedicated analysis in snep11(2015)211)

2. H— eTjep and H — utep

3. Z— UThad

(1), (3) use same techniques, similar to H — 77 analysis

(1), (2) use same statistical combination.

Tiep channels Thad channels

Electrons I(Er,0.3) <0.13 I(E7,0.2) <0.06
I(pr,0.3) < 0.07  I(pr,0.4) < 0.06

Muons  I(Er, 0 3)<0.14 I(Er, 0 2) < 0.06
I(pr,0.3) <0.06 I(pr,0.4) < 0.06

Summary of isolation requirements

arXiv:1604.07730 (April, 22)

Calorimeter based isolation:

coneAR
1°W)(Er, AR) = ZETT)

Track based isolation:

coneAR
et )(pT,AR) Zp( 1))
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Lepton Flavour Violating Higgs decays

H— €Thad and H — WThad
Background sources:
Wjets, t, tt, Z — 77 + jets, Z — ee + jets, Diboson, QCD, H — 77

Trigger and topology:
Single electron, ET > 24 GeV (single muon, pt > 26 GeV). p7(7Thaa) > 45 GeV and
|78 — n(Thaq)| < 2. One v collinear with the Tp.qg

Missing Mass Calculator used as more sophisticated version of the collinear approximation:
NIM A654(2011)481

SR and CR definition based on m(Te(“)’EITmss) and m(TT”"d’E?ISS)

a
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http://dx.doi.org/10.1016/j.nima.2011.07.009

Lepton Flavour Violating Higgs decays
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@ Lepton Flavour Violating Higgs decays

H — eTiep & H — putep
Background sources (data-driven estimation):

> Symmetric components

» SM sources with prompt e and p

> Asymmetric components

» Events with fake and non-prompt leptons
» pr dependent effects

Data samples:
Pt > p$ (pe sample); pS > pir (ep sample)

Topology:
One electron and one muon of opposite sign. 2v collinear with the sub-leading
lepton

Final estimator (collinear mass):
Mol = \/ZpT (P + Es)(coshAn — cosAg)
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Lepton Flavour Violating Higgs decays
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Lepton Flavour Violating Higgs decays

LFV H combination. Upper limits on LFV decays of Higgs boson

| {5-8Tev [Lot-20310"

A TLAS FSRH Expected + 1o

Expected 25—

A TLAS 558 Expected + 1o

| {5-8Tev [Lat-20310"

Expected 20—

— Observed — Observed
L Excluded H L Excluded B
iN €%, SR1 N u,, SR
i €T SR2 i N s, SR2
3 R e,,, Comb N s, Comb
DR s P, 1 Wi S
! PR i Pl | Ni Wiy SR
3 & €T Comb 3 ﬁ T Comb
i &‘ er, Comb N pt, Comb
b b b b b L P S S TN ANV AU I AR
0 2 4 6 8 10 12 14 0 4 6 8 10 12 14
95% CL upper limit on Br(H — er), % 95% CL upper limit on Br(H — pt), %
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* WThag channel is from JHEP11(2015)211
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http://dx.doi.org/10.1007/JHEP11(2015)211

Fully hadronic ttH(H — bb)

H coupling to top quarks “seen” in gluon fusion process, and loop in v~ decays but
important to probe directly for model independent determination of coupling.
Analysis strategy:

> Largest BR among all ttH channels, but lowest purity due to large multijet
production

»> Preselection:

» 5 jets pr > 55 GeV, |n| < 2.5 each

» At least one additional jet with pr > 25 GeV, |n| < 2.5
» Lepton veto

» >2 b-tagged jets (060% eff.)

> Data-driven multijet estimation ( TRFuy method)
» Background sources:

» Multijet
> ti-+jets

> Output of a Boosted Decision Tree (BDT) used as final discriminant

EPJC75(2015)349 (update from April, 13: arXiv:1604.03812)
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http://arxiv.org/abs/1604.03812

Fully hadronic ttH(H — bb)

Event yields as a function of logio(S/B)
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Observed and expected upper limits at 95% CL on o(ttH) relative to SM prediction:

Signal strength:

1 (my =125 GeV) = 1.6 +2.6
Obs.(exp.) signal significance:
0.6(0.4)

Obs.(exp.) p-value:

27%(34%)

assuming the SM prediction for ¢ (ttH) is shown in the last column.

o Expected if p =0 Expected if p =1
Observed —20 —lo Median +1lo +20 Median
Upper limit on p at 95% 6.4 2.9 3.9 5.4 7.5 10.1 6.4
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=X ttH combination results

CL limits (left), 1 measurements (right)

T T
T | ATLAS Vs=7Tev, 45 ' _|
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- v ; 8 uatisial (1o1) (stat)
H _ 2.6 +25
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95% CL upper limit Signal strength
Analysis Observed Expected
SVeT ] 20—l median  +l0  +20 | median (u=1) "
ttH(H — 77) 6.7 26 35 4.9 75 119 6.2 1.277%5
ttH(H — leptons) 4.7 1.3 1.8 2.4 36 53 3.7 2143
ttH (H — bb) 3.3 1.3 15 2.1 3.0 44 3.0 14 £ 1.0
#tH Combination 3.1 08 1.0 14 20 27 2.4 1.7 £ 0.8

See also slide no. 51 (backup) for Log-likelihood contours of k¢ vs. kv
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Anomalous couplings in t — Wb
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t-channel single top anomalous Wtb couplings

Defining the anomalous Wtb couplings:

» In the Standard Model: Lyp = \%B %( 75)tWH_

» The most general lagrangian adds couplings Vg, g, and ggr:
2 2 _
Lefr = %bh“(VLPL + VrPR) + 5.7 (gLPL + grPR)[tW,,

» Sensitive to new physics in complex coupling ratio gg/V;:

JHEP04(2016)023 (April 5)
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http://dx.doi.org/10.1140/epjc/s10052-015-3851-5

t-channel single top anomalous Wtb couplings

Measurement definition: (see slide no. 52 (backup) for the analysis strategy)

> W helicity fractions F; = ?’
i € [L,0, R] sensitive to 8" between
pe in the W frame and W
momentum § in the t frame

> Top spin in t-channel production is
~ 90% polarized along spectator
quark direction ps

> § and ps define per-event 3D
coordinates:
=G 9=pxd 5=9x4

» The W and b from polarized top
decay have four possible helicity
combinations

» Only amplitudes with matching b
helicity interfere

The angular probability density is expressed
with spherical harmonics, parameters & and
polarisation fraction P

Q= (f17 f1+7 f;)+76+76*)

fi - fraction of decays containing transverse
Ws

&_ - phase between longitudinally and trans-
versely polarised W's with left-handed bs

fi & 0_ can be expressed in terms of gv’z
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@s t-channel single top anomalous Wtb couplings

Projections of the likelihood function into the fraction fi of decays containing
transverse Ws vs. phase §_ between longitudinally and transversely polarized W's with
left-handed bs (left); Re[$ ] vs. Im[$£] (right)

ATLAS + Best Fit
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Re[gvﬂ = —0.13 £+ 0.07(stat.) + 0.10(syst.)
/ [—L] = 0.03 &+ 0.06(stat.) 4 0.07(syst.)
p(Re[VL] Im[v ]) = 0.11 (correlation)

fi = 0.37 £ 0.05(stat.) & 0.05(syst.)
d_/m = —0.014 £ 0.023(stat.) & 0.028(syst.)
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FCNC decays with top
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@ Search for t -+ Hg FCNC decays

Much interest recently in flavour-violating Higgs interactions:

» Flavor-violating interactions could also be present in the quark sector

» If off-diagonal Yukawa coupling goes like Ag sy ~
— large effect expected in tcH interaction!

> t — Hg decays:

» Highly suppressed in the SM: B(t — Hc) ~ 1071°
» Can receive large enhancements in BSM scenarios:
e.g. B(t — Hc) ~ 1073 in 2HDM

JHEP12(2015)061 (December, 2015)
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Search for t — Hqg

Strategies for tt — WbHg:

» H — bb:
» B(H — bb) ~ 58%
» Lepton+jets
» Large background, some mass resolution

» H— WW*, H— 77: see backup slides 53 and 54
> B(H — WW*) ~ 21.5%, B(H — 77) ~ 6.3%
» SS dileptons, trileptons
» Small background, essentially no mass resolution

» H — 7: see backup slides (from slide no. 61)
» B(H — yv) ~0.2%
» Diphoton+lepton+jets, diphoton+jets final states
» Very small background, excellent mass resolution
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Search for t — Hqg

H — bb search: analysis strategy
» tt — WbHq — (fv)b(bb)q: lepton+jets final state

» Event preselection:
» Single lepton trigger

» 1 lepton (e or p), pr > 25 GeV, |n| < 2.5
> >4 jets, pr > 25 GeV, |n| < 2.5
» >2 b-tags

» Main background: tt(— WbHq) + jets

» Categorise events according to jet (4, 5, >6) and b-tag (2, 3, >4)
multiplicities:
» Signal-rich regions: (4j, 3b) for WbHu and WbHc; (4j, 4b) for WbHc
> Rest for the Signal-depleted regions
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Search for t — Hq

H — bb search: signal and background modelling

2 ATLAS —e— Data
. - - - - ti>WbHc (BR=1%
& F (s=8Tev,203f0" 1 Wb (Bro190)
E Preit =] trightiets
I tt+bb
= v
. ttH
Non-tt
7/ Total Bkg unc.
B flonnnllnnnn ool lonon oo (oo,
-3 :
& 5 PRI 2 ~
=~ 7777
£ o075 (e 727,
Qo555 5 = =
B i
CE
. . .. PSig(x
Flnal dISCFImInant: D = W(ngg(x)

Capri, June 11-13, 2016 A. Boldyrev (Udine Univ.) 34/66



Search for t — Hqg
H — bb search: results

Best-fit branching ratios:

E V- Tev, 20315

Events 1005

B(t — Hc) =

[0.17 £0.22 +0.17]%
(assuming B(t — Hu) = 0)
B(t — Hu) =

[-0.07 £ 0.17 £ 0.28]%
(assuming B(t — Hc) = 0)

Data/Big

H
i

atias
-8 TeV, 203"

Events 1005

Obs.(exp.) limits

(@95% CL; one BR at a time):
B(t — Hc) < 0.56%(0.42%)
B(t — Hu) < 0.61%(0.64%)

Data/ Big

[ artas
-8 TV, 203"
25].240

Events 1005

No significant t — Hq excess
Most sensitive single search for
t — Hc!

Data/ Big

3
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Search for t — Hqg

Combined results: best-fit branching ratios

S —
ATLAS
Vs=7TeV, 451" BR(t-Hu) =0

—iTotal Stat.
Vs=8TeV,20.3fb"

Total Stat. Syst.

H->WW-, 7t :: | 0274027 (£0.18+0.21) %
H-yy e J 0.22+0.28 (+0.26+0.10) %
H-bb -

0.17+0.21 (£0.12+£0.17) %

st —— 0.22 +0.14 (£ 0.10 + 0.10) %
CH
RN SRS AU S S N S S S SRS S S (NS SRS E U SN S N S S
0.2 0 0.2 0.4 0.6 0.8 1 1.2
BR(t—Hc) [%]

——1 77—
ATLAS
Vs=7TeV,45fb" BR(t—Hc) =0 i Total Stat.
Vs=8TeV,20.3 b’

Total Stat. Syst.
H->WW* tt

0.23+0.28(£0.18+0.21) %

H-yy

0.23+0.28 (£0.27 £0.10) %

-0.07 £0.33 (£ 0.17 £ 0.28) %

s 0.16 £0.16 (£ 0.11£0.12) %
CH
PP R R S R R B R
-0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1 1.2
BR(t—sHu) [%]
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Combined results: 2D limits
Upper limits on the BRs can be translated* into upper limits on the
non-flavour-diagonal Yukawa couplings |A¢q| from

Lrene = MiertHe + AgutHu + h.c.

= T T ST T
= ATLAS — Observed < [ ATLAS — Observed
=3 |-
T 085 V5=7Tev,45 fo! 5 Expected £ 1o 0ol E=7TeV, 450" B Expected £ 16
& Vs=8TeV,203f" Expected + 20 r s=8Tev,203f" Expected + 26
Combined [ Combined
0.15F

=)

ol e L T T
04 05 002 004 006 008 0.1 012 014
BR(t—Hc) [%] Pl

Obs.(exp.) ©95% CL upper limits on the coupling constants:
[AtcH| < 0.13(0.10)
[Awr| < 0.13(0.10)

* [Aegr| = (1.92 £ 0.02)\/B(t — Hq), from JHEP06(2014)008
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Summary of the FCNC limits

Summary of the current 95% CL FCNC limits for t — gX decays
(g=u,c; X=g,Z, vyorH)

ATLAS Preliminary ATLAS Preliminary
BR(t— uH) BR(t- uy) BR(t— CH) BR(t- cy)
g PR e T 99 PR e Ty 9
1107 LEP + ﬁ\ 11 1107 LEP + ﬁ\ 11
& 107k TEVATRON 1 1% %102 TEVATRON 1 1%
10°F = E 10°F = E
107 + £ 3 107 E + 3
a E
10°F E3 E 10°F E3 E
s T VI W | A \ IR PRI U PR |
i L L i i T T T T T L L i i i T T T i i
10°F I B 10°F I B
10 ATLAS = 3 104 ATLAS E 3
4 cMs Preiminary 4
07 T . ] 07 CcMS T Preliminary ]
D107 T i3 B10F T D
=] =] o o
Juok i 1L Lt i E
od X 14
o P e "L sl norem el d e a4 o PP tbmen fhrnn L nonrl_sooert e b o
107 102 10° 10* 107 10° 10* 10° 107 107 10™ 107 10° 10* 10° 10° 10 10° 107 107
BR(t— uH) BR(t- uy) BR(t- cH) BR(t- cy)
t = uX t = cX
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> Event preselection:
» Exactly 1 isolated lepton, pr > 25 GeV, |n] < 2.5

Emiss > 30 GeV

Exactly 1 jet, pr > 25 GeV, || < 25

Exactly 1 b-tagged jet (@50% eff.)

mT(W) > 50 GeV

Triangular cut:

ph >90 GeV (1 — T12elienl)

vV vy vy VvYyy

=
B8

» Dominant background: W+jets

Data - simulated background

> Control region: same except 85% b-tagging eff.

25 3
1A@b-jet, DI

EPJC76(2016)55 (January)
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@s Search for single t-quark production via FCNC

Observed 2D limits on the BRs and on the coupling constants

x10°® x10°
5 T T — BT T T
2 030k ATLAS \s=8TeV, 20.3fb™ ] 3 16 ATLAS V5=8TeV, 20.3 b
& F E < 14 =
0.25/~ E e il Excluded region 7
E — Observed 1 < 12F B
0.20p o Drpected 4 10k .
N ® 1 r ]
0.151 7 8 E
E Excluded region 7 6 .
0.10 ! F — Observed ]
E ] 4; — - Expected B
0.05[- = oF itlo E
E L 3xa0® o:"H\HH\HH\HH\HHML\H“\H:Xlo’a
0.00 0.06 0.08 0 6 .
B(t - ug) Kygt /N [TeVT]

Observed upper limits @95% CL on the branching fractions:
B(t — ug) <4-107°
B(t — cg) < 17-107°

Observed upper limits @95% CL on the coupling constants:
Kugt/N < 5.8-1073 Tev™!
Kegt /N < 13- 1073 Tev?
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Search for t — qZ

Analysis strategy:

» Searching for top quark pairs with one top decaying through FCNC
and the other through the SM dominant mode
(tt — bWqZ — blvqtl)

» Consider only Z boson decays to charged leptons, and W boson
leptonic decays
» Final state topology:
3 isolated leptons with pr > 15 GeV, || < 2.5 each
2 leptons must have mass within 15 GeV of mbP¢
>2 jets with pr > 25 GeV, || < 2.5
Emiss > 20 GeV
1 or 2 b-tagged jets (@70% eff.)
» Background sources:
» 3 real leptons (WZ, ZZ, ttV, tZ, Tribosons)
» Jets fake leptons (Z+jets, tt, Zv, single top, ...)

EPJC76(2015)12 (December, 2015)

v

vV vy Vvyy
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Reconstructed masses of the top quarks and Z boson after the final selection

> 54,‘4‘7-‘,_‘,4”3“” T 7X%L\A\S‘H\‘\H‘H\‘\H‘\H‘H\‘H > 6)};:Aj;u\‘uuHH‘HH‘HH‘HH‘
0] : . ({EYZ [0} . {ala ) 0] . ({ala )
5 [-sTevo0sn g S Bl-sTev,208m gl ] BLE-8TeV. 2030 gmue ]
& 4 W otrer 3t 2 W otrer s 3 W other s
& v s 5 v 18 40 v
3; [0 rake leptons 9 [0 rake leptons [0 rake leptons
C stat. uncertainty 4+ stat. uncertainty—| stat. uncertainty
[ 3F J
21 et (N S N 2
[ 2r B
1? 1L ]
120 160 200 240 28C 100 140 180 220 260 75 80 85 90 95 100105110
my [GeV] my; [GeV] m, [GeV]

The test statistics for comparison the observed data events:
Xg=nIn(1+ 3)
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Search for t — qZ

Results
No evidence for signal found
g g
sk 95%C.L. 3
JURN EXCLUDED
EE104 L LEP REGIONS _|
o E E|
E  CDF (ay=cy only) 3
L p@ 4
10g 3
£ H1 3
C (qy=uyonly) |
107% -ATLAS =
3 cMS 1
10"; ZEUS =
E (av=uyonly) 3
107 3
:umu PRIAT IR RETTT] MRRAr] 171 1 ST Bt umu:
10°  10*  10° 102 107 1

BR(t— qy)

@95% CL limits on the B(t — qZ):
Observed: 7-10~%

Expected: 8-10~*

(-1l0): 6-107*

(+10): 12-107*

BR(t— q2)

AL B S L Al
E _ZEUS E
; LEP ;
E_CDF El
L D@ 4
= ATLAS =
F oms ;
E 95%CL.
[ EXCLUDED |
E REGIONS 3
:uum T AR ETIT BN 1| [ B \\HHH:
10°  10*  10° 102 107 1
BR(t— gH)
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Conclusions

v

ATLAS has published to date more than 500 physics papers
» LHC is exploring a new energy frontier

» Direct and indirect search campaign for physics beyond the Standard
Model is in full play

» LHC plan is to take data in 2016, 2017 and 2018 at full steam before
another long shutdown period

» New results coming soon with 2016 data
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Backup slides
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te_chan

ww

zZ
ts_chan
ttW

ttz

107°107* 103 1072 10!

1

Theory

LHC pp Vs=7TeV

|

sfaﬁsys[
LHC pp V5 =8TeV
[ ] Data
stat
LHC pp V5 =13 TeV

_ Data

stat
Stat+syst

ATLAS

Run 1,2

Preliminary

Vs=7,8,13TeV

10!

10 10° 10* 10° 10° 10" 05 1 15 2

o [pb]

data/theory

Jrde
(7]

8x1078 nwel Pl

0.035
0.085
0.035

Reference

SR 85, 072004 (201)
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@s Measurement of B? — J/1y¢ decay properties

Analysis uses “opposite side tagging” calibrated with BT — J/yK™

» Method uses observables on the “opposite side” of the event to the

B? candidate

» Observables include charge of tracks within a b-tagged jet or cone

around 1/e on opposite side of event

» Distributions used to built per-candidate B; tag probability

(untagged events assigned probability of 0.5)

20 03T T T T 7 gg o T T T T zjg 0% T T T
s2 ATLAS 52 ATLAS =2 ATLAS
o5k, F-sTeV. 1951 Combined muons o5k BsTeV. 1951 Electrons E 0o5f. f5=8TeV. 1951 Jet-charge E
- Data 4 - Data Data
02 B B 02f .B* B 02f B E
oB °B B
015 0.15F 0.15F E
01F B oiF 4 + 4 01F B
Y e — - . = JS
005 o g e IR 0050 L e PR 0.05F Jec = T E
BEESNES = ey T oo baas Ty,
L L L it L L L L il L L L L
B 05 0 05 B 05 0 05 T =] B 0 05

1 cone charge

e cone charge

b-tagged jet charge
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Study of B? — pu and B® — up decays

B* yield extraction

3 16000F ALI'LAS ‘ ‘ ‘ 20‘12data‘ E

= 14000 2 Totalfitresut 3

8 120005 -5 ey 271" ~e ok 2 e BT J/yhK* and

€ 10000 ... Combinatorial bkg=—| 4+ 4+ .-

& soo0t —8ouvr ] B* — J/¢7™ yields are
60007 = simultaneously extracted —
4000/ E . :
20002 E Measure their BRs ratio

O E
N T S A S TL .44 > Ratio is the weighted average of
4.' ry ¥ ¥ A3 ,”"" *
5P E . .
5000 5100 5200 5300 5400 5500 5600 the ratios in the 4 trigger
My - [MeV] categories
J/¥ K™ invariant mass
Category Nyjyrc+ Njjyat B(B+—>J/1/)7T+) .

Ty 46860 £290 + 280 14204230+ 440 B(Bt—=J/yK*T) — 0.035 +0.003 + 0.012

T, 5200+ 84+ 100 180+ 51+ 89 -

T. 25124 914 42 85+ T+ 30

2011 95900£420£ 1100 3000+ 340+ 1140 World average: 0.040 £+ 0.004
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Lepton Flavour Violating Higgs decays

Z — [UThad
Background sources:
W+jets, t, tt, Z — 77 + jets, , Diboson, QCD, H — 77

( w.rt. H— erhad)

Trigger and topology:
Single muon (pr > 24 GeV). p and 7 are back to back. One v collinear with
the Thaq

SR and CR definition based on m'" ) and m{757").
Cut SR1 SR2 WCR TCR
pr(K) >30 GeV >30 GeV  >30 GeV  >30 GeV
D1 (Thad) >30 GeV >30 GeV  >30 GeV  >30 GeV
(k) = n(Thaa)| <2 <2 <2 <2
mlp >30 GeV and <75 GeV <30 GeV  >60 GeV -
mp P 220 Gev <45 GeV  >40 GeV -
Njet - - - >1
Nb—jct 0 0 0 >0
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Lepton Flavour Violating Higgs decays

Br(Z — pr)[107°] SR1 SR2  Combined
s 1.1 —1.8 1.1
7 — T had results Expected I}m}t 26757 64,5 26747
Observed limit 1.5 7.9 1.7
Best fit —21t12 26128 —1.671%
x10° x10°
> F T ! 3 > 5F ' 3
D 3sF ATLAS —— aa 3 © [ ATLAS —— oaa ]
O "FE sru evens =z - wler10) 3 O [ sreu evens =z - w(er10)) ]
E 3 =8Tev [Lat=203M" -3\,:,:5‘[‘:‘;5(;555) E f 4; G=8Tev [Laet=2031" =;,;;;;‘:‘5(05'557 E
0 25i M same Sign j %) r W + jets (0S-SS) 1
2 25F - Orners ] 2 .t - others E
5 E A syst. unc. El 5 m V20 syst. une |
> 2= = > L ]
w - E El w e 3
15— = 2: ]
P E i B
osE- E E ]
07 e - © 07 =
O 14E 3
g F L x 1
i b T o
f et
%0.871'1' By Rk n s < E £
A 06F 3 A o 3
100 150 100 15
MMC MMC
mM [GeV] mM* [GeV]
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ttH combination results

Log-likelihood contours of kg vs. kv

w S o e B L B e B e By e s e
M - —
rATLAS 4+ SM
4 \s=7TeV, 45 e Best fit
F \Vs=8TeV, 2035 68% CL
s 95% CL
s

v

ttH, Hoyy, WW, ZZ, 15, bb

o
II':I|III‘J,1‘LIII|I

b v L L e L

0.5 1 1.5 2 25

Wl
(&

A
<
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t-channel single top anomalous Wtb couplings

Analysis strategy:

» Event selection:

» 1 isolated lepton, pr > 25 GeV, |n| < 2.47;
excludes 1.37 < |n(e)| < 1.52 and |n(p)] < 2.5

> 2 jets, pr > 30 GeV, |n| < 4.5;
or pr > 35 GeV in 2.75 < |n(e)| < 3.5; AR(j,£) > 0.2

» 1 b-tagged jet (©55% eff.)

> Efiss > 30 GeV

> mr(l, EFs) > 30 GeV

> ph >40 GeV (1 — 7ﬂ_ﬁf({l’€))

> Background: tt, single top, diboson, Z+jets, W+jets
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Search for t — Hqg

H — WW*, H — 77 search: analysis strategy

» Reinterpretation of ttH
multileptons (see
arXiv:1506.05988)

1%} 50
S 4sE ATLAS Data Norpromet Wi
H . ] 40F- 5=8TeV, 203" el WoHe [ i
» Event categories: o e B
> 2[07'[73(1: :g % 7/ Total Bikg unc.
sensitive to ®
tt — WbHq — (*¢*qqqb2v 10 B
5 . s 2.2
(ee, ep, pp) x (4j, 25j) ‘
. [+] 1.5 .
sensitive to 8 o5
tE— WbHg — (£(E(Fqb3y = =7 o 7T WS G
> 20017haq:
sensitive to

tt — WbHq — (*(*7TF qb3v
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@s Search for t — Hqg

H — WW*, H — 77 search: results

Best-fit branching ratios:

H - s e oo Wi

B(t — Hc) = D 40E- =8TeV,20.31b 2 W [y "

( 40.18 ) 40.22 0 " ) s Wosoen e
[0.28_017(Stat.)_019(5y5t.)] /0 Z 7 Total Bkg unc.

(assuming B(t — Hu) = 0)

B(t — Hu) = 2
[0.237015(stat.)To5 (syst.)] %
(assuming B(t — Hc) = 0) R B 3
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Data / Background
Data / Background

ATLAS
(s=8Tev, 2037
Control region

TLAS
{5=8Tev, 2030
Control region

0 05 1 15 2 25 3 35 4 45 5
AR (top, 1)

Data / Background

25
A® (top, bjet)

Events / 20 GeV/
Events /0.28

Data / Background
Data / Background

ATLAS
(s=8Tev, 2030
Signal region

Events /0.16 rad

{s=8Tev, 2030
Signal region

0 05 1 15 2 25 3 35 4 45 5
AR (top, )

Data / Background

3
A® (top, bjet)
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Higgs couplings results
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£ Higgs couplings from ATLAS & CMS

Based on event rates from all accessible combinations of Higgs
productions and decays

Assuming a single Higgs state with the SM tensor structure,
my = 125.09 + 0.21(stat.) &+ 0.11(syst.)

ATLAS and OIS Prtminay = ATLAS ATLAS and OV Prelminary
LHC Run 1 ~CMS ATLAS and CWIS Preliminary ~ATLAS LHC Run 1
< ATLAsscms i R r ;
[ e o Kz| -k, =1
iz L - ATLASICMS sl i
i R L Ejgwo i
w —_ * K| —= —
" — w Tl ‘
[ i K, ——
Wz i ¢ ;
* L ;
— L ; K —
o — L ;
_ " - Ky ————
—— ——
i —i K ;
oy L - o J
; ——
R v :
n d— ——
S T T I TN T BRgsu™—
| IR LT S R Rk BT S
R S Parameter value 625406708 112 14 16 18

Parameter value

Decay modes, pipoq = 1

Production modes, figecay =1 Test BSM in loops:

Global signal strength for production and decay modes

=1.09 & 0.07sar. £ 0.04exp.syst. = 0.03¢p prg. £ 0.074h signal ky <1 or H BRgsy =0
BRgsy < 34% SM p-value
95% CL 11%

ATLAS-CONF-2015-044, CMS-PAS-HIG-15-002
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Higgs couplings from ATLAS & CMS

Using gg — H — ZZ as a reference:
Oprod X BRdecay = O'(gg — H— ZZ) X

O prod BR, decay
OggF BRzz

» The most model-independent results

ATLAS and CMS Preliminary :é.lr\;‘I‘SAS
> Insensitive to theory ogg = ATLASICMS
. . . - ——— 2
uncertainty on inclusive oproq H-zZ)| e Th uncert
» Independent of the total Oyer! Oggr ==
Higgs width Ound O
> p-value in 16% compatibility with the GZH/"ggi
SM onH/oggF ————
WwW zz —_
> O /0ger: 2.40 excess over SM BR™/BR™| ~
prediction, mainly due to ttH, BR"/BRZ -
H — multi-lepton events B
P BR"/BR* =
bb ) pRZZ. - bonzz| e
> BR"/BR““: 2.50 deficit w.r.t. SM. BR™/BR = L
Pulled down by excesses in ot /0 ggr 4 o 1 2 3 4 5 6

Parameter value norm. to SM prediction
an d Oz7H / OggF
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Higgs couplings from ATLAS & CMS

Coupling modifiers in the r-framework

- 2 -SM
__ 9prod(R) T decay (k) 2 _ Opod .2 _ Tprod _ _rETy
Oprod X BRdecay = e where Kp0q = o5 Kdecay = Fo and 'y = T—BResy

pi
% denotes the modification of the SM coupling related to the physics beyond the SM

E>|> el T T T ERRAL ]
E 16 ATLAS and CMS t",é
F LHC Run 1 Preliminary Zi 3
5] F P 1
w [ W )
€ |> 10 'z — Observed ’ 4
N Eoeeees SM Higgs boson E
-2| . ;
107¢ Eg! E
F T ]
L b ]
1073 W =
1074 E
Bl ol Ll Ll B

107 1 10 102

Particle mass [GeV]
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t — gH(vy
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@ Search for t — qH(v7)

Flavour Changing Neutral Current (FCNC) involving light u, ¢ quarks are
highly suppressed in the Standard Model (GIM mechanism)

Analysis strategy:

» Search in pp — tt: one of the top decays to cH, the other decays to Wh

» Besides from the standard H — ~~ inclusive selection

» Two high pr (30/40 GeV/c) isolated photons (tight identification
criteria)

» Add cuts on jets and invariant masses to fully reconstruct the final
state

> One b-tagged jet + 3 jets: hadronic channel (at 7 and 8 TeV)

> One jet + lepton (e/p), a neutrino and a b-tagged jet: leptonic channel
(8 TeV only)

JHEP06(2014)008 (June 2014)
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IS8 Search for t — qH(v)

Hadronic channel

Invariant mass distributions for all selected events before mass cut:

5= sTe\AILdtzzo.sfb'

Entries/10 GeV

ladronic Selection +

(@)

20
10

T T
* Data

, [[JSHERPA yyj, norm. to data
[[Isignal, B =5%

%
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@s Search for t — qH(v7)

Hadronic channel
Efficiency for t — cH signal simulation and number events for data:
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Search for t — qH(vy)

Leptonic channel
Missing transverse energy E7'** and transverse mass mt distributions of
the W candidates:
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IS8 Search for t — qH(v)

Leptonic channel
Invariant mass distributions for all selected events before mass cut, and without
b-tagging requirement:
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Search for t — qH(v7)

Evolution of CLs as a function of the branching fraction B of the t to gH
decay for the observation of a signal at 125.5 GeV
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B(t — gqH) < 0.79% observed at 95% CL (0.51% expected)
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