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Introduction @

2/20

Fundamental assumptions of the SM: - @ @||- @ @ ) H
up charm top gluon bcl)%gﬁ

Flavour changing neutral currents (FCNC) forbidden ﬂd - @ ﬂb : v

on the tree level, suppressed at higher-orders "k " ‘
own strange bottom photon

— Lepton flavour conservation of the charged leptons

— Absence of transition between top and other flavour - @l @ |- & A

quarks mediated by neutral gauge bosons Qectron J{__muon e 2oz

Any deviations would be indications for new physics! -9 (. & | @

electron muon tau

neutrino neutrino neutrino W boson

Studies presented in this talk:

THE

Higgs boson couplings, top Yukawa coupling (ttH, ttZ2)

FCNC intop decays:t - gHandt — gqZ

Single top production via FCNC

Search for LVF Higgs: H — II'

Search for LVF Z: Z -1



SM Higgs Productions and Couplings @
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« ATLAS & CMS combined run-1 measurements of Higgs boson couplings
« Production signal strength pi.: quantifies deviation of production cross section from the SM

* Coupling modifiers k: Quantifying modification of the Higgs couplings related to BSM
k. scale factor for all fermion couplings

k. scale factor for all weak vector boson couplings
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http://arxiv.org/abs/1606.02266

Search for ttH — bb with 1 or 2 leptons @
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Top quark: Heaviest fundamental particle, decays before it hadronizes, access to Yukawa coupling
9 BOOOOOOE000————— ¢

ttH, H—bb ,
| < _ S/B ratio: 4% in best category
° Eur. Phys. J. C (2015) 75:349

g i
- Selecting events with one or two leptons, at least 4 jets, 2 of them btagged

- Neural network trained in 5 signal-enriched categories
(single-lepton: 5j>4b, >6j3b, >6j>4b and dilepton: 3j3b, >4j3b, >4j>4b)
- Matrix element discriminator one of NN input variables

- Large background uncertainties constrained from simultaneous fit of signal and control regions

Di-lepton postft Single-lepton post-fit
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2013-27/
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Search for ttH — multi-leptons
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Events

¥

ttH — multi-leptons

e “Cut & count” analysis

» Categorized by number and flavour of leptons:

2| (same sign) + 0t + > 4]
2| (same sign) + 1t + > 4]
3l (total charge +1) + > 4]
41 + > 2j

11+ 21 + > 3j

Physics Letters B 749 (2015) 519-541

Higgs boson decay mode
Category WW* 1t ZZ® Other
260Thaq 80% 15% 3% 2%
3¢ T4% 15% T% 4%
201 Ty 35% 62% 2% 1%
4¢ 69% 14% 14% 4%
1627, 4% 93% 0% 3%

« Backgrounds estimated from MC and from data, validated in dedicated control regions
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http://arxiv.org/abs/1506.05988

Search for ttH, H — bb with all-hadronic top-decays

¥

7 jets 7 jets B Multijet
3 b-tags 24 b-tags = —
I T + bb
[t + cC
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JHEP 05 (2016) 160
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2 biags 2 S ATLAS “tt — all-jets” has largest BR (46%)
ety * Control regions: 6j3b, 6j>4b
;’-; fb“e Signal regions: 7j3b, 7j>4b, >8j3b, >8j>4b,

S/B ranges from 0.2-1%

« BDT trained in each category to separate signal and
background
Inputs: sum of jet p_divided by the inv. jet mass

(centrality), min. m, m, for bb closest in AR, masses of
reconstructed tops, ...

Best-fit signal strength: 1.6 + 2.6

1 C

L L I L I A B B BN BRSO £ F — Data
ATLAS - Data [Jfi+rcc [ ]Single top S 45
203" Mt  Wob W (125) £ = ATLAS [ ECTIEE)
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>8j, 3b Post-fit w 104 = |:| Background
10°
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BDT response


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-05/
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ATLAS ttH combination

No ttH evidence yet

Combined ttH significance wrt. bkg-only: 2c, wrt. SM: 16

13 TeV ttH production cross section is factor 3.9 larger than at 8 TeV

— stay tuned for the 13 TeV update

ttH(H — vy)

#tH(H — WW/t1/ZZ2)

ttH(H — bb)

ttH Combination

S
| ATLAS

[s=7 TeV, 4.5 b
— total /s=8 TeV, 20.3 fb™
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_ +2.6 +25
! ¢ w=13 77 1
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— F—e—+ = |
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u=1.4 10 Toe
— (TS = | = +0.8 +05 |
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-05/

ttZ cross section [@ @
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- Same production dynamics as ttH, similar kinematic scales (since m , ~m_)

» Cross section can be altered wrt. SM by presence of vector-like quarks, technicolor, ...

* Channels: ttZ — tvb qgb + Il (3 leptons) or Ivb Ivb + |l (4 leptons)

w
g 10° - ATLAS Plreliminarly +Daia Wz
T ~ V{s=13TeV,3.21f0" W iw Bmwz
I~ Post-Fit 77 Z
- Wz W
10° = [l Other Fake leptons
= g 2 - Uncertainty

ttZ cross section extracted from
simultaneous fit to 8 signal regions
and 2 control regions

10

e

Leading uncertainties:
- Limited statistics

107"

5 e - reconstructed objects
g ° ' f - luminosity
S m%-%%%%// o Ll el iy i i e o
© 0.5 E —
(] E =
0 =3 R : -
Tl 22 2 262 15,002 263 10 L0, S5 7 0r 7L 0r, ATLAS-CONF-2016-003

signal-enriched

Results: c(tZ) =0.9+£0.3pb MG5 aMCatNLO: 0.76 + 0.08 pb
c (tW)=14+£0.8 pb MG5 aMCatNLO: 0.57 + 0.06 pb


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-003/

Search for FCNC t — gH @
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e SM: BR(t—uH) ~10™"" and BR(t—Hc)~10", negligible compared to t—Wb q
« Sizeable rate BR(t—Hc)~10"° expected in 2HDM type-lI| :
(FCNC allowed on tree level). N H
Can also appear in R-parity violating SUSY, extra quark and technicolor models. \

Search for tt — Wb + Hq, with H—yy JHEP 12 (2015) 061

- BR(H—vy) 0.2%, but excellent mass resolution makes it easy to separate it from background
- Events selected containing two photons, and other objects consistent with either hadronic
or leptonic top decays. Top decays fully reconstructed, cuts on the top masses applied.

207\ T T ‘ T T ‘ T 1T ‘ T 1T ‘ L ‘ LI ‘ LI | L | L LI ]
= C ]
8 18- ATLAS ° D - Hadronic selection after all cuts:
o 1 Bi _ § - tT & W(y), normalised to luminosity 7:
F: - ‘5=8T6V=JLdt=2°'3fb [ SHERPA 11 — 1, norm. to data- (f & W) > 16E ATLA|S T T patazotis202 ]
= 141 L i ; |:| Signal, B = 5% ] @) C . i — Sig.+SM Higgs+continuum bkg. fit_]
€ = Leptonic Selection b < [ Hadronic Selection _ ]
W 42 No b-tag i 3 14 (m,, =125.5 GeV)
C . ..g - e SM Higgs+continuum bkg.
- — ~ === Continuum bkg.
10 (4 = S 12 -
g @) = L 10: J'Ldt=20.3fb'1,\“‘s=8TeV ]
6 = - _[L dt=47f" s=7TeV A
- 7] 8— —— — —
41— — C ]
- i 61— —
2? ‘ E 3 -] : :
0: Ul I ‘_|‘ I '_'_'_giHF N 4_ g —_
0 50 100 150 200 250 300 350 400 450 500 ol B
m,.; [GeV] C - 7
. M ?_ 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 | 1 1 c_
In the leptonic selection only one data event 00 110 120 130 140 150 160

remains (mw=147 GeV) — no shape fit, just counting Myy [GeV]

Upper limit on BR(t—qgH): 0.79%, expected (0.51 +0.2 -0.1) % — 1o


http://arxiv.org/abs/1509.06047

10/ 20 Search for FCNC t — qH @

Search for t—Hq, with H—bb, single-lepton BR(H—bb) = 58% JHEP 12 (2015) 061
* Similar to ttH(bb) analysis, baseline selection >4j >2b, one lepton

* 9 categories, signal-enriched regions: 4j3b, 4j4b, 5j3b, 5j>4b
« Signal-background-discriminant built in each category:

by
Ps(x 0L
D(x) = =5 ( z)k I AT < by
Psie(x) + PO%e(x) t ~
i - . . . dh
P9 and P probability functions for an event to be signal or background-like,
function of all possible combinations of the selected objects.
Inputs: Reconstructed resonances (H and W), flavour content of the jets.
Prefit event yields: D in 5j>4b prefit: D in 5j>4b postfit:
2] o) 60— 1o} 60—
£ (gL ATLAS e e Ry 2 ~ ATLAS —e— Data s - ATLAS . o P bHe (BR < 0.17%)
i g S8 Tev. 208 fo” EiﬁﬁIV\rﬁbHu (BR_1%) 5 o Ve8Tev.202 o' 533‘&??& (BR = 1%) G [ \eTev.203M VWbt (BR = 017%
Pre-fi ) tightiets 5 P siz40 i g [ Si>4b ==
10° B (T+0b w - Pre-fit Eit{/bb - - Postfit iV
— Eﬁ 40— . tH 40— . ttH
10° E Non-{t L :l Non-tt - 1 1N°1” ltt
./ Total Bkg unc. = /.. Total Bkg unc. - <+, Total unc.
10* 30— -
10° e - B
) 20
10

I I Loveileiun o, e . L "
5 125F Z 3 t ¥ g 1_5 = 1.25 + ] /
~ 4 LA LA — / A
§ o T 7700 s 1/ a}%/ %WW ; +/f <}f 2
g 075: ER s 0.75
O o5f R S E 0 05

T3 %01 02 03 04 05 06 07 08 09 1 00102 03 04705 06 0.7 08 09

4j,2b
5j,2b
>6j,2b
4j,3b
5j,2b
>6j,3b

) D 0


http://arxiv.org/abs/1509.06047

Search for FCNC t —» qH @
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- §2] S0E on-prom
Search for t—-Hq with H-WW/z1 S s ATLAS *0ata amee " W
T 40 s=8TeV, 203" e -
Reinterpretation of sensitive ttH—multi-lepton channels >~ -~ Aoy Wovoson - [JRare
= 7/, Total Bikg unc.
25
* 3l + >3j with >2 b-tags or >4 jets with >1 b-tag 20 7 1
. . . 15 wuuuuw. ’
* 2| (same sign) + Ot + >4jets with >1 b-tags 0B
« 2l (same sign) + 1t + >4 jets with >1 b-tag F . QN
é 1-55_ —— — —_—
s e T
a 05F
] 0 ced] ee>5 end] o5  Wid 5] élc tzm
Combined results for t—-qgH: JHEP 12(2015) 061 ategory
2D best-fit BR values: Limits on BR and couplings:
) o e T Txgog T T T T T T
f‘\j L IATLAIS | | | Jlr "th> | B °§ ATLAS —— Observed 3 < 025: ATLAS ;Observed
2 i _ -1 K = bbtyy 1 = {s=7TeV, 45" F=8 Expected £ 1o _ 3_ {s=7TeV, 45f" Expected tio 1
_'II [ \S=7TeV, 450 p X —bb+yy+WW* z7 1 %0_7 [s=8TeV,203f" === Expected £26 3 022 {s=8TeV,203f0" === Expected £ 26
5 0.5_— \s=8TeV, 20.3fb 7 Combined ; 0.15i Combined E
oM L § E L
ol— | _E 0.1 ]
i : :
0.5 . 3 - ]
E X Best fit ; G e LS '015': 0%~ 6.02 004 006 008 01 012 o|.7j4|
4L —es8%cL B BR(t->Hc) [%]
04 02 0 02 04 06 08 1 12 Limiton BR(t—Hc): 0.46% |xtqH|=(1 .92+0.02) \/BR(t—>Hq)
PRIERITE (expected 0.25%) .
_ Limit on BR(t—Hu): 0.45% Limit on [A_ [: 0.13 (exp. 0.1)
— Slight excess wrt. SM (10) - U.50/0

(expected 0.29%) Limiton [A_ |- 0.13 (exp. 0.1)


http://arxiv.org/abs/1509.06047
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Search for FCNC t —» qZ

¥

Eur. Phys. J. C76 (2016) 12
l+
y4 -
t
q
g ) b
t
w— I~
v

Reconstructed masses after signal selection:

Events/ 8 GeV

N

N w
I'\) T T T | T 177 ‘ T T T ‘ T T T ‘
o

[

—

upper limits on BR(t—Zq): Expected: (8 +12 —6) x 10™

SRR RN RN RN AR RN
- ATLAS * data i
L ----fi> bWqZ signal |
L Vs=8TeV, 203 fb" . vz
Il other 31 B
B v

- fake leptons

stat. uncertainty i

Li‘

. ]
200

Ll LJ Lo L L ‘ Jj
240 280
My, [GeV]

160

« Events with three leptons
(two with same flavor and
opposite charge,

mass consistent with Z mass)

. 20r3jets (p, > 35 GeV),

>1 of them b-tagged
« Top mass reconstruction

Events/ 20 GeV

100

140 180

7?“\“‘\“‘\"‘"‘I"‘I“‘I“'l“ﬁ,
- ATLAS ® data ]
r -==-tt— bWqZ signal ]|
6-is=8Tev, 203 10" guy,
C Il other 31 ]
Sr B v ]
L - fake leptons ]
4-

stat. uncerrainty—:

260
my,; [GeV]

220

Events/ 4 GeV

5

Sample Yields
wWZ 1.3£0.2+0.6
% 1.5+0.1+0.5
tZ 1.0£0.1+0.5
Fake leptons 0.7+£03+04
Other backgrounds 0.2+0.1 £0.1
Total background 47+04=+10
Data 3
Signal efficiency [x10™*] 7.8 +0.1 £0.8

e data

[ T | rTTT | TT
- ATLAS
~/5=8TeV,20.3fo"

i Il other 31
o B v

- fake leptons

=== fi— bWqZ signal

stat. uncertainty ]

75 80 85 90 95 100105110

m, [GeV]

With NNLO+NNLL calculation for tt cross section and BR(t—bW) = 1-BR(t—Zq)
Observed: 7 x 10™


http://arxiv.org/abs/1508.05796

tt — blv gll candidate event

AT LAS Run: 213486
Event: 107695979
EXPERIMENT 2012-10-27 23:21:30
' r

VMuon 28 GeV Electrons (107 GeV, 19 GeV)  MET (84 GeV)



Search for single top produced via FCNC gg—t—blv @
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_ . _ Eur. Phys. J. C (2016) 76:55
Single top produced via FCNC, decay via Wtb vertex u, e b
— softer top p. thanin SM production
— 4x more top than anti-top produced ¢ o
c 05— —T————T———7 ] -~ 16000— w
._g - ATLAS Simulation - o - ATLAS e Data .
B (g SOnalregion 1 14000 \s= g Tev, 203 1" g EONC(34p0) g v
:é i —FCNC ] g 12000;Signal region =ﬁlnget0p é
L%) 03 ?mgletOp . & 10000" -WIEFF =
: o f 1 8000 g - i
02 —W+HF ] coool TR = (1A Analysis based on neural-
i . : x ] network discriminant
E Top ranked: m_top, pTIep,
. AR(t,lep), p_b-jet, lep charge
N out 1 -0.5 0 0.5 1
utput NN Output
o - Upper limit on c*BR:
X X _
T aras g e | B Amas | ller soen|  EXpected 2.941.9-1.2pb
= EREAe N E Observed 3.4pb
5~ - Excluded region ] 0.25 =
;cg) 126 - — Observed . L .
10- E 0.20 o Preected 4 Limits set on couplings
8;* f; 0.15 ,; cht/A and Kugt/A
6 - 0.10 Excluded region E
- —— Observed ] B . .
45— Bxpected \ E 005 E Using NLO FCNC calculation,
C t10 ] g™ . .
F P - ..o limits converted and set on
K R R RS S S A 000 002 o004 006 008 BR oft—cg and t—ug

Kygt /A [TeVT] B(t—ug)


http://arxiv.org/abs/1509.00294
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Search for Lepton Flavor Violation in H decays

¥

LFV of H decays can appear in composite Higgs, RS models, models with >1 Higgs doublet

Search for H—et and H—pr:

Hadronic t with p_>45 GeV
Electron or muon p_>26 GeV

Veto on b-jets, inclusive in #jets
SR1: m_(I,MET) > 40 GeV, m_(t,MET) < 30 GeV

SR2: m_(L,MET) < 40 GeV, m (1, MET) < 60 GeV

ATLASData2012 Vs =8TeV det_203fb1

Tu selection

—a— Data 2012, 20 fb™

m— H(125) — tu (BR = 0.77% H

B 7 - tcajeis (0SSS) |
W + jets (0S-SS)

I same Sign

Bz - e+ VV(0S-SS)

Syst. Unc.

x10°
. > 3 o

2.2c excess in SR2 G - ATLAS
in H_)HT — 2'52_ 58TV [Ldt=2037"
reduced to 1.3c combining £ -
both SR L%’ o
CMS H—ut: 240 ' _

< 100

5 50

>

1)

JHEP11(2015)211 O 100

%10

" m " m L- = wn

= I: c

(O]

>

L

©

c

he]

o

©

S

L

3
3>7<1‘0 ‘ ‘ : .
- ATLAS o Dete ]
. s —H{125) A)AET [BR=1%);
2.5 et even B Z - co+jets (0S-SS) |
C (5=8TeV [Ldt=203f" W+ ot (05.55) ]
- I Same Sign (Data)

21— Il Z - eele — 1(05—55)*
= - Other Backgrounds (OS-! SS}
] 5: 7] Syst. Unc. 7
3 te selection -
0.5 —
100 + ———
N 4 =
OW%‘T+ _T_ Tt *-4;
100 -
50 100 150 200 250


http://arxiv.org/abs/1604.07730
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* Selecting events with OS e and pu

Search for Lepton Flavor Violation in H decays

¥

Search for H—et and H—put with leptonic 1

E - ATLAS .
3 - ~ 1
o 0E Vs =8TeV JLdt=20.3fb1 E
e 3
E n —— Data ue SR b
% I I e — Symm. background 7
S 102 Tot. background —
LLI E 72 Post-fit uncertainty 3
- H— ut (BR=1%) .
10E =
=2 e sample -
‘.H.‘.‘H\‘H‘\HH\HHP‘H\H 3
3) 2rr T T T T T T T T
1.5 —
@ " 14 L 1
E ) v B
g 05 // _
% 50 100 150 200 250 300 350 400 450
m,., [GeV]

Combinationoft and~zt :
had lep

o pr,_ and Mt combined: 1o

. H—ert:

Combined best-fit BR values:

-0.34 +0.64 -0.66
H— pt: 0.53 + 0.51

e €L sample:ehas Ieadlng pT, > 7 VRpAN s e
le: u has leadi o 10E Vs=8TeV JLdt=20.3fb'1
pe sampie: pu nas leading pT o "k
. ..\@ S —¢— Dataep SRnoJem
* Hotu presentonly in pe sample 5 = | 4 - Symm. background
. . E Tot. background
since electron from t decay is soft “ | 7 Postitunceraity
 SM backgrounds symmetric under L
exchange of e with p (except reco A .
and trigger efficiencies i
99 ) : ey sample
— ep sample used for background _ ==
estimation in the pe sample 2 %Z,WW%
* No excess over bkg. observed R
0 50 100 150 200 250 300 350 400 450
m,,, [GeV]
T rrryrrryrrrprr T r T e L L R L N R L L L R L R R
7ATLAS B2 Expected + 10 | ATLAS f=== Expected =10 B
s=8TeV [Ldt=203" e =20 T s=8TeV [Ldt=203" _peee e
| Excluded L Excluded
E§ €Ty,e SR1 i § nr . SR1
N | s | | EECL -
i & €T,.4 COmb N i ! § ur . Comb B
i & T SR 1 i ' § M7 SR osess |
B § T, Comb 11 i § L Comb
| o | | T \ i S
| L1 ‘ L1 L1 1 L1 L1 L1 11 | | \- | | 1| ‘ | ‘ | ‘ 111 | 11 1 ‘ |
o 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
95% CL upper limit on Br(H — et1), % 95% CL upper limit on Br(H — u1), %

JHEP11(2015)211


http://arxiv.org/abs/1604.07730
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Search for Lepton Flavor Violation in Z decays

¥

LVF in Z decays are predicted in models with heavy neutrinos, extended gauge models and SUSY

LA L N B I
ATLAS

= T ]
Search for Z—ep: Phys. Rev. D. 90, 072010 (2014) S 3001, { o E
: : . £ L Vs =8 TeV, 20.3 fb" o ]
- Events with exactly 2 opposite-sign leptons S 20 - E
- No true MET — MET < 17 GeV oo E
- Veto of high p_ jets to suppress tt . ¢ TTrB=7Sx0T g
150 -
- Largest background: Z — tt — eu+4v - X*/DOF = 0.75 .
- Background estimated from the data with a fit 100 .
(Chebychev polynomial) ) = -
V4 g. L S0 .
. B - L)
Upper limit on BR(Z—ep): 7.5 * 10~ o -
© £ 0 ;
Search for Z—put:  JHEP11(2015)211 -SSR |-
o a0 | o m, [GeV]
> E T T T T T T T T T T T T ‘: > 57 _
8 35— ATLAS o e 3 8 - ‘:RZLufsevems " w (BRe10)) . .
f 3; VS;:;T_T_G;V@VFTZFZ().“F -fvfi::(f:_s‘:’s'ss) —i _"2 4? (5=8Tev JLat=2031" =;:;;i;f‘s(°s'ss) B VeW Slml|al’ anaIyS|S as H_)H,T
25 = - 2 = Kinematic cuts slightly lowered wrt. H
i | ER 1 No excess observed, a deficit in SR1
1.5F = -
: E SR2 -
= © Br(Z - pn)[1077] SR1 SR2  Combined
0 e . 'I' T 1 : 9 14 T Expected limit 2671 64,8 2671
2 o e € . Observed limit 15 79 1.7
& oot - 0 4 Boeo Best fit -2.1%12 26777 -1.6%}3

MMC
mm

[GeV]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2013-02/
http://arxiv.org/abs/1604.07730
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,@ BSM Higgs searches: A/lH — ttand Z' — 11 @

/
/

 Z'and A/H — 1t in had-had and lep-had final states

! /h/H/A
» b-tag and b-veto categories for A/H search to hJH/A
account for enhanced b-associated production T
- Final discriminantm_ : ,

mtTOt = \/m%(E%HSS,Tl) + m%(E%“SS,Tz) + m%(‘rl,‘rz)

mr(a,b) = 2pr(a)pr(b)(1 — cos A¢(a,b))

> 3 T T I T T T T I T T T T I T T T T I T T T T > E. T I T T T T I T T T T I T T T T I T T T T E

& 10°E ATLAS Preliminary —— pata E 8  F ATLAS Preliminary —e— Data .

~ fa o] e H/AtT ] ~ - .| e H/A-TT ]

2 ) \s=13TeV,3.2fb m,= 500 GeV, tan B=20 2 102 = \S = 13 TeV,3.21b m, = 500 GV, tan p = 20 3

o 10°g HA-ST Ty Jet—l;t fakes = 4 E HA=T, T Jet—l;t fakes 3

W b-veto [ zom - w I b'tag Z-m ]

’ o [ tt, single top __ 10 = [ tt, single top 3

0 I piboson 3 I piboson 3

[ z-ee/un : T g I z-eeluy 7

1 R Uncertainty _ 1 b aosass XS Uncertainty =

_______ Pre-fit background E QT =«x=aux Pre-fit background E

1 0*1 —: 1 071
. E
eeuuuﬂ'uu----_ .............
10°2 = 1072

o LA L L L L I L AL LR L L ) L L o Fr [ r 1 1t ] 1 rr1 LA I Y L L L =

© 15 {_t E © 15F ———— =

% 1%«@«@&@%& = $ «%@*&\\\\ SSSSESNNSSSNRNNN o ErePermmmtenainnn \*Q\\\\W\\‘@W

E 05 PRI A R N T T A S S i P T T N (N T T T T A R A l_2 % 052_ | | | | | _;
= 200 300 400 500 600 700 Q 200 300 400 500 600 700
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@ BSM Higgs searches: A/IH —-ttand Z' — 17 @ @

-

 Z'and A/H — 1t in had-had and lep-had final states

g
» b-tag and b-veto categories for A/H search to W/ H/A
account for enhanced b-associated production T
« Final discriminant m__:
T,tot g
my = \/m%(E,}“iSS,Tl) + m%(E{l“iSS,Tz) + m%(‘r],Tz)
mr(a,b) = \[2pr(a)pr(b)(1 — cos Ad(a,b))
%80_ I I T | T I T | I I I | I I I | I ] S 10 E | 1 L ‘ T 1 T | 1 T T | T T 1 E
& | ATLAS Preliminary, Vs=13 TeV, 3.2 fo' : S [\ ATLAS —e— Observed -
70~ MSSM m{*** scenario, M, = 1 TeV B v L Preliminary L E);pected ]
- H/A — 11, 95% CL limits . T b \ls=13Tev, 32f0 EER T 0 .
60— ] N 95% CL limits TZ26
. e E 1 - - TlepThad (Exp') =
:- B --% my, = 126.3 GeV a m E - T[}adrhad (EXp.) E
50:— 3 <g-"f _: é - — “ssm 8
40 - J - - .
o : 107'E E
30 o Sl i TiB G - .
E —e— Observed E I ]
200 @ S Expected ] - 7
—_\ ~ - +10 -
L T +2 N -2 — . —
10 o L e 107F sequential SM ;
E . I mh‘:]‘2|:,"56‘ev.l-;I | | | | | I_I_ Tll'lad’ﬁhadl (Elxp.l) E Clo o b b by oy T
200 400 600 800 1000 1200 500 1000 1500 ~ 2000 2500
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« Searches and measurements in the Higgs sector and flavour physics were presented:

» Higgs couplings consistent with that of the SM,
ttH process of particular interest since it can probe the top Yukawa coupling

« ttZ 13 TeV cross section measurement
« Searches for FCNC with t—qH and t—qZ, and single top production through FCNC
» Searches for LVF using Higgs and Z bosons

* No significant excess found anywhere

(e T T T | T T T

12~ ATLAS Online Luminosity /5= 13Tev
] LHC Delivered

[_]| ATLAS Recorded

 Many ATLAS analyses will be updated soon,
using around 10/fb of the 13 TeV dataset

—_
o

[o2]
III|III|III|III|III|I

Total Delivered: 9.3 fb™
Total Recorded: 8.5 fb™

o)

* Run-2 expected to deliver
120/fb by end of 2018

Total Integrated Luminosity [fb™]

0 L I 1 1 1 1
17/04 25/05 03/07
Day in 2016
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Search for t — 3u @

Events / 30 MeV

* In the SM extremely suppressed (10™*), can be enhanced in BSM models

* ATLAS search for W—rtv, T—3u (neutrinoless)
- MET expected to be back-to-back with the 3-muon-system

- Invariant mass of the 3 muons equal to the t mass: |m3M —m_[ <1 GeV (loose selection)

- BDT to separate remaining background from the signal

Eur. Phys. J. C (2016) 76:232
B

105 | T T | T T T T

E‘_ —lqa— Data (Ioose) I _E 8 B I I—lexal—ISIBldaIr[aI\ (Ilolosle)I S lAI.’I-LIA‘IS T

- —e— Data (tight+x>x,) ATLAS . o 10°E — gB dalt?l (tigh§+x>x0) =

- — ] — - ignal (loose — =

(ot L Signal(ighioxox,) (s=8Tev,2031" | & F Sinal tameoxy V=8 TeV, 203 b 3

§ § L‘%’ 103§—} —;

10° (a) = B (b) :

- = O —

, [T 0005 90500 0 o 00 o OO0 10° = <o E

10 E_ 3 = 'Q"Q'_Q_ -

= 3 B ¢¢ N

B ] _ SAAPS R o4 Sl o

105_ E 10§ ; {?ﬁ} {i}% ﬁx) ?ﬁ*ﬁ}‘? «1) ﬁ) (\L} =

AR "SR T +T+ 4
45001600 1700 1800 1900 2006 3700 1 08 06 -04 02 .

my, [MeV] BDT score

» Tight selection: BDT score > 0.93
« No data event is found in the signal region after full selection,
expected background: 0.19 events

« Observed upper limit on BR(t—3pu) = 3.76 * 107 (exp. 3.94 * 107) at 90% CL


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2014-14/

SUATLAS

A EXPERIMENT

Run Number: 208970, Event Number: 128422540

Tau

p,=73.2 GeV Date: 2012-08-21 19: 39: 51 CEST

ttH, H — 1t
candidate event

Visible Tt mass: 66 GeV



Search for VBF-produced H — bb @

Dedicated L1 VBF triggers: Selecting events with either three jets,
with one or two of them in the forward detector region (large [n|),
complemented by at least one high p_ b-jet selected by high level trigger

— VBF triggers increased signal acceptance by 25% compared to
standard four-jet triggers

Four selected jets must satisfy p_>50 GeV, central jets p_ > 100 GeV

LA N S B B B B

5 [amas T _ .

BDT trained to separate VBF H — bb from 2 *°7 —e _ e-etev.202b - Four signal regions
non-resonant bkg (tt, multi-jet, W+jets) S [ s 1 defined by cutting on

- CJVBFH—bb ]

| . 0.1~ -+ BDT output score
Top ranked input variables: : I ]
- jet widths of forward jets, oosf =+ =% ]
- p, sum of central jets - .
- inv. mass of forward jets e, /A |
o5 H2 o1 o o arXiv:1606.02181

w = BDT response

m,, distributions (70-300 GeV) in the four signal regions, which are simultaneously fit:

> ETTT T T I e e ey s T T T 00 e e e e e e e e > 300 T T T T T T T T T
® : ERN E : ]
© 3222 Category | ATLAS 2 O eo0c, Categoryll ATLAS 3 8 ey Categoryll ATLAS 10 Ll CategoylV ATLAS E
< E 3 E — 3 < E ] [ Rl
) E — 4 3 I 1e00F _ 4 4 ¥ F 401 = -
@ 6000F VS =8TeV,20.2fb E .5 1400; VS =8TeV, 20.2fb é 2 5005— \/; =8TeV, 202 fb E é 200F \/g 8TeV, 20.2fb E
5 5000F 4 £ 1200p 4 £ 400f 4 E E ]
i 4000 3 W 1o00F E E 1 & 180 E
3 E E 3000 E }
E 800E- E g ] d ¥ 3
0% gat, E 600f- —-data E 200F - gat E 100 L gata .
E —— E E = — ——data = F
2000—]:|zacgmponem E 400E- E3Z component 3 E £3Z component EO;Eaioor;wggnmengnem
1000 . EZ Higgs component 200F £ I Higgs component - 1003 Higgs component F —nogreresonapnt com onent (bk )
E — non- resonant component (bkg) . £ [ non- res‘onan‘t compone‘nt (bkg) T r ‘—non-res‘onanlt com‘pone‘nt (bl|<g) T EL 1P 9 .4
T T - Pl bl Fy E P SN Y T P S ARSI APEPUPIN I MR B o o e e e e e e e e o e e e e e e e e
o 200 FHH ‘ bbb by > 100 Efgid H f o 100 : ‘ T 2 o i
% 100 #l. ot |i + & 50 Ll l* ¥ o @ 50 ++ ¥ o 0* I L1++1¢+¢+T+u 1 +&u
b L1 T T TR LS B T - Lo 1 + © o0 LHEF '+TT+1TT FRARAM B 4 s SR
s 00 L +Tflﬂ”*ﬂ’*+'7+,'”+" g sop o p Moyt R £ soft..Tt Tt i T 40 ‘ ‘ ‘
& e Sk s, S I = e = L = T L I = 05 55 505 555
m  [GeV] m [GeV] m  [GeV] m  [GeV]
bb bb bb

— NoO excess seen in any category, best-fit u=-0.8+2.3, upper limit on cxBR: 4.4xSM (expected 5.4)


http://arxiv.org/abs/1606.02181

Search for hh — bbbb

Higgs boson-pair production xs very small in the SM,

Resolved analysis:

but enhanced in extra dimension models or 2HDM. T 16 ATLAS
(SD 14;— \§:13TeV,'3.2fb'1
Resolved selection: 4 b-jets with [n|<2.5, p_ cuts 2 12F N S'grlal RZifa -
o 10 ;
. . o E [ Multijet
dependentonm | m, resolution improved by 30% i 5\ =L
. . E Y Syst+Stat Uncertain
by scaling b-jet 4-momenta such that m_ = 125 GeV. 6 N G+(B00) KM= 10
4 S ST
oF 1
Boosted selection: At least 2 large-R jets with p_>250 GeV, = R ) i —
. 2 ot
jet mass > 50 GeV. @ kit *"’*ﬁ‘*“iii%“\\w&\
arXiv:1606.04782 § 400 600 800 1000 1200 1400
3‘ 104 El I 1 I T | ] I 1 I | I 1 I | I 1 1 I [ I I I 1 |: m4] [Gev]
= - ATLAS ) —e— Observed Limit (95% CL) 3 Boosted vsis:
5 - {s=13 TeV, 3.2 fb reeen: Expected Limit (95% CL) 1 oosted analysis:
Q 3L _| > 10
8 10°E Expected 1o = S of  ATLAS + Data
2 - Resolved | Boosted Expected +26 s © Zg_ {5213 ToV. 3.2 fb” [ Muttijet
c K ] 2 v §_ Signal Region, Boosted 4-tag C )
c 2! = Syst+Stat Uncertainty
10 S 6 e G*(1000) k/My, = 1.0, x 2
T = = o s | e G*(1500) k/My, = 1.0, x 5
I : anmnw an?® : 43—
T - LT ll-l..........------l"'- - 32_ ..
o 105_ E 2;_ N ‘ ']
& [ Resonant search = EINY WLy
- Signal model: Spin-0 narrow-width H boson - 3 s F —
AT T S TR TN NN SO T S N N PR SR AN TR T SR TR NN S SR S T é AN t .__E"‘"-: . == !
1500 1000 1500 2000 2500 3000 = 1%&&\\# “.\\\*M\.\\\\\ \\w
T 600 800 1000 1200 1400 1600 1800 2000
m, [GeV] 5 m,, [GeV]

Non-resonant search: Limit on o(pp—hh—bbbb) < 1.22 pb

— No significant excess


http://arxiv.org/abs/1606.04782

8 TeV BSM Higgs Searches

Additional Higgs bosons are predicted by many BSM extensions, such as 2HDM, MSSM,
Higgs Singlett, Higgs Triplett models, NMSSM, etc.

All direct searches at 8 TeV yielded null results, first 13 TeV results extend run-1 sensitivity.

Combined 7 TeV and 8 TeV ATLAS upper limit on BR (H — invisible): 0.25 (expected 0.26)

. Obs-, h couplings [xy, x,, ¥ ] Obs., H— ZZ— 41, 1l qq/bb/vv

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

[ Obs., AlH-1t [Z27777] Obs., H—> WW- Iv qq/lv
------- Exp. -------. Exp.

[ ] Obs.,,A>Zh—ll/vv bb [ Obs.,H— hh

— 4b, bb yy/tT, WWryy
------- Exp.

tan

-
-
_______
-----
=

\s=7 TeV, 4.5-4.7 fb™
\s=8 TeV, 19.5-20.3 fb '

\hMSSM, 95% CL limits
\ o 0 o o w o1

N W kO




Search for gb — tH*, H* — tb

¥

g H JHEP03(2016)127
/
/ Production in association with a top
) ! Decay to top-bottom whenm > m._
— Enhanced couplings at low and high tanf3
Dominant decay in 2HDM when cos(a—)=0
b 3

- Signal region: Sjets, 3 b-tagged jets, one high p_ lepton,
huge overlap with signal region for ttH, H—bb search

- Huge uncertainties on modelling of tt+bb background

- BDT trained at every mass hypothesis, to separate signal from tt+bb °¢

7o)
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©
10

/_\TLAS Observed limit (CLs) m
Vs=8 T?V= 203 fb-1 ------- Expected limit (CLs)
gb—tH'(tb) —

=2

Exp. limit with injected signal

N ' m,=300GeV, 6xBR=165pb _|
h"'-., '.Q"-
mod- _ “N"- ~ ]
6xBRm_ " tanf=0.5 ﬁw"'w.. ~
| — - oxBRm™" tanp=0.7 el T~
E == oxBR m™ tanB=0.9 Tl 3
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my [GeV]

Broad excess seen,
at most 2.4

Excess inconsistent
with expected signal

13 TeV analysis
to be released soon!
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Post fit BDT outputs:

UL I 7
= %7:7;?:\/, 203 b "} Postbkg-only fit -
- gb—tH'(tb) >5j(=3b) ¢ Data 3
E Llfelr
—__ Total bkg i ftece -
F insig+bkgfit e : " Ay E
- :h:g’ GeV []Other bkg -

"1/ Total unc.
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BDT output
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__Total bkg .

in sig+bkg fit -

H' 500 GeV ... .

""" shape : —

e
Post bkg-only fit
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115 ¢ + 3
N YY) :

O.Qg/ /’/‘//(/ o /g =

08t
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BDT output


http://arxiv.org/abs/1512.03704

H* — tb candidate event

Electron, p_= 61 GeV

2 light jets // ﬁ
3 b-tagged jets /N
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