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The luminous side of LHC...
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[f Vil = % from single top quark production

theo

Gieo- NLO+NNLL MSTW2008nnlo

PRD83 (2011) 091503, PRD82 (2010) 054018,
PRD81 (2010) 054028
Ac,.. scale ® PDF

Mygp = 172.5 GeV

LHCIopWG

Nov 20 2015

-
total theo

[f. Vil £ (meas) + (theo)

t-channel:
ATLAS 7 TeV' —-— 1.02 +0.06 +0.02
PRD 90 (2014) 112006 (4.59 fb™")
ATLAS 8 TeV —— 0.97 £0.09 £ 0.02
ATLAS-CONF-2014-007 (20.3fb™") :
CMS 7 TeV Het 1.020 + 0.046 + 0.017
JHEP 12 (2012) 035 (1.17-1.56fb™") :
CMS 8 TeV et 0.979 +0.045 + 0.016
JHEP 06 (2014) 090 (19.7 fb™") ;
CMS combined 7+8 TeV e 0.998 +0.038 +0.016
JHEP 06 (2014) 090
CMS 13 TeV } For 1.12+0.24 £ 0.02
CMS-PAS-TOP-15-004 (42pb™)

Wit: :
ATLAS 7 TeV : -y 1.03*51%+0.03
PLB 716 (2012) 142-159 (2.05 fo™")

1 L e 0.16 +0.03

CMS 7 TeV I +—e— 1.017 043 Tooa
PRL 110 (2013) 022003 (4.9 fb™")
ATLAS 8 TeV (*) - 1.10£0.12+0.03
ATLAS-CONF-2013-100 (20.3fb™")
CMS 8 TeV' —t—— 1.03+0.12+0.04
PRL 112 (2014) 231802 (12.2fb™")
LHC combined 8 TeV '* ———— 1.06 +0.11 + 0.03
ATLAS-CONF-2014-052,
CMS-PAS-TOP-14-009

s-channel:
ATLAS 8 TeV? : — | 0.93 7318 +0.04
arXiv:1511.05980 (20.3 fb™")

Wit:
ATLAS 8 TeV ' —t 1.01+0.1040.03

arXiv:1510.03752 (20.3fb™")

(*) Superseeded by results shown below the line
| | | | | | I | | | I | | | l |

! including top-quark mass uncertainty
including beam energy uncertainty
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| ATLAS+CMS Preliminary LHCtopWG Nov 20 2015

ATLAS+CMS Preliminary G, summary, \s=8TeV TOPLHCWG May 2015

....... NNLO+NNLL (Top++ 2.0), PDF4LHC —_
Tevatron+LHC m top = 173.34 GeV

[ scale uncertainty
scale ® PDF @ ag uncertainty

— stat. uncertainty
- = = total uncertainty
G- *(stat) £(syst) =(lumi)

ATLAS, lepton+ijets
arXiv:1504.04251, L. =20.3 fb™

int

258 + 120+ 8 pb

CMS, lepton+t,
PLB 739 (2014) 23, L,

int

—] 254+ 3124+t 7pb
=19.6 b’

ATLAS, dilepton epn
EPJ C74 (2014) 3109, L.,=20.3 fb”

7 “int

241.8+1.7+£55+7.5pb

CMS, dilepton (ee, uu, ew) —

237221+ 11.3+6.2pb
JHEP 02 (2014) 024, L, =5.3 fb

LHC combined eu (Sep 2014)
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-053,

240.6 - 1.4+5.7+£ 6.2 pb

L, =5.3-20.3 fb"
Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
I I | I | [ | | [ 1 [ | | [ 1 [ | | [ 1 [ |
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ATLIAS PreIiminIary Top qluark pole r.nassldetermina’[ionsI
compared to direct measurement

DO approx NNLO: MSTW08, 1.96 TeV 2009 169.17°

DO approx NNLO: MSTWO08, 1.96 TeV 2011 167. 5_+53

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7"

ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 + 26

ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741 + 2.6

ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9?2‘2

ATLAS NLO: ti+1 jet, 7 TeV 2014* 173.73?

Direct reconstruction LHC+Tevatron 2014 173.3 + 0.8
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poIe [GeV]

PLB 739 (2014) 23, L,,=19.6 fo" '

ATLAS, dilepton ep o+ 2418+ 1.7+55+7.5pb

EPJ C74 (2014) 3109, L, ,=20.3 fo

int™

CMS, dilepton (ee, it &) e 2372+ 21+ 11.3£6.2pb
JHEP 02 (2014) 024, L,,=5.3 fo

LHC combined ey (Sep 2014) |—|H 240.6 + 1.4+ 5.7+ 6.2 pb
CMS-PAS TOP-14-016,

ATLAS-CONF-2014-053,

L,,=5.3-20.3 fb™
: Effect of LHC beam energy uncertainty: 4.2 pb
(not included in the figure)
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ATLIAS Preliminlary Top qluark pole r.nassldetermina’[ionsI
compared to direct measurement

DO approx NNLO: MSTW08, 1.96 TeV 2009 169.1 i?

DO approx NNLO: MSTWO08, 1.96 TeV 2011 167.5_+i'j

CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 176.7"

ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 1714 £ 2.6

ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 1741+ 26

ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 172.9_+Z'Z

ATLAS NLO: ti+1 jet, 7 TeV 2014* 173.73?

Direct reconstruction LHC+Tevatron 2014 173.3 + 0.8
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m f°'e [GeV]
; .

ATLAS+CMS,\‘CS = 7 TeV preliminary

tt asymmetry

TOPLHCWG, May 2015

== stat. uncertainty
— e e total uncertainty

(stat) (syst)

ATLAS l+jets | ® | 0.006 £ 0.010+ 0.005
[JHEP 1402 (2014) 107]
CMS l+jets F o H 0.004 + 0.010+ 0.011
[PLB 717 (2012) 129]
ATLAS+CMS l+jets (I 0.005 £ 0.007 + 0.006
Preliminary
ATLAS dilepton = ° 4 0.021£0.025+0.017
[JHEP 05 (2015) 061]
CMS dilepton I e | -0.010 £ 0.017+ 0.008
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0123 + 0.0005
[PRD 86, 034026 (2012)]
lepton asymmetry
ATLAS dilepton Foe | 0.024 + 0.015 £ 0.009
[JHEP 05 (2015) 061]
CMS dilepton P o | 0.009 £ 0.010+ 0.006
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0070 = 0.0003
[PRD 86, 034026 (2012)]
| I I
-0.1 0 0.1
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.. Top quark pole mass determinations
ATLAS Preliminary _
compared to direct measurement
5.9
DO approx NNLO: MSTW08, 1.96 TeV 2009 ¥ 169.1 _+5 1
5.2
DO approx NNLO: MSTWO08, 1.96 TeV 2011 ¥ 167.5_+4 }
3.0
CMS NNLO+NNLL: NNPDF2.3, 7 TeV 2013 — 1 76.7_+2 .
ATLAS NNLO+NNLL: PDF4LHC, 7 TeV 2014 —V—= 1714 £ 2.6
ATLAS NNLO+NNLL: PDF4LHC, 8 TeV 2014 —r— 1741+ 26
25
ATLAS NNLO+NNLL: PDF4LHC, 7-8 TeV 2014 —— 172.9_+2 )
- 2.3
ATLAS NLO: f+1 jet, 7 TeV 2014* —— 173.7_+2 1
Direct reconstruction LHC+Tevatron 2014 b 173.3 + 0.8
1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1
140 150 160 170 180 190
pole
m  [GeV]
| B 1 t 1

ATLAS+CMS,\IS = 7 TeV preliminary

tt asymmetry

TOPLHCWG, May 2015

s wem - gtat. uncertainty
— e = total uncertainty

(stat) (syst)
ATLAS I+jets e 0.006 + 0.010 + 0.005
[JHEP 1402 (2014) 107]
CMS l+jets F e H 0.004+0.010+ 0.011
[PLB 717 (2012) 129]
ATLAS+CMS l+jets e 0.005 + 0.007 + 0.006
Preliminary
ATLAS dilepton H——e——< 0.021% 0.025+ 0.017
[JHEP 05 (2015) 061]
CMS dilepton I e | -0.010+ 0.017+ 0.008
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0123 = 0.0005
[PRD 86, 034026 (2012)]
lepton asymmetry
ATLAS dilepton 0.024 £ 0.015 £ 0.009
[JHEP 05 (2015) 061]
CMS dilepton 0.009 £ 0.010+ 0.006
[JHEP 1404 (2014) 191]
Theory (NLO+EW) 0.0070 = 0.0003
[PRD 86, 034026 (2012)]
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The other side of LHC ...



ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

Status: Moriond 2014 det —(4.6-229)fo"! +s=7,8TeV
Model &[Ty Jets EL™ [Ldifb™] Mass limit Reference
L] L] L] L] I L] L] L] L] L] L] L] I L] L] L] L] L] L] L]
MSUGRA/CMSSM 0 2-6 jets Yes 20.3 4,8 1.7TeV m(g)=m(g) ATLAS-CONF-2013-047
MSUGRA/CMSSM Tepu 36jets  Yes 203 g 1.2 TeV any m(g) ATLAS-CONF-2013-062
) MSUGRA/CMSSM 0 7-10 jets  Yes 20.3 g 1.1 TeV any m(g) 1308.1841
L G goet) 0 2-6jets  Yes 203 |§ 740 GeV m(¥})=0 GeV ATLAS-CONF-2013-047
S g—>qu(1) 0 2-6jets  Yes 203 |2 1.3 TeV m(t})=0 GeV ATLAS-CONF-2013-047
S 33 5oqgti qqWED Tepu 3-6jets Yes 203 |Z& 1.18 TeV m(¥})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) ATLAS-CONF-2013-062
D 3z, 3oqqll/tv/y)X] 2e,u  03jets - 203 |z 1.12 TeV m(t))=0 GeV ATLAS-CONF-2013-089
Q  GMSB (/NLSP) 2e,p 2-4jets  Yes 47 R 2a Tev: tang<15 1208.4688
§ GMSB (£ NLSP) 1-21 0-2jets  Yes 20.7 g 1.4 TeV tang >18 ATLAS-CONF-2013-026
S GGM (bino NLSP) 2y - Yes 203 |2 1.28 TeV m(t})>50 GeV ATLAS-CONF-2014-001
£ GGM (wino NLSP) Teu+y - Yes 4.8 m(t})>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) 4 1b Yes 4.8 m(¥7)>220 GeV 1211.1167
GGM (higgsino NLSP) 2e,u(Z) 0-3jets  Yes 5.8 m(A)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 mono-jet  Yes 10.5 m(z)>10~* eV ATLAS-CONF-2012-147
q':; gl g—>be 1 0 3b Yes 20.1 g 1.2 TeV m(¥})<600 GeV ATLAS-CONF-2013-061
> QE) g—)ttXb 0 7-10jets  Yes 203 |2 1.1 TeV m(t}) <350 GeV 1308.1841
T oy &1L 0-1e,u 3b Yes  20.1 z 1.34 TeV m(t})<400 GeV ATLAS-CONF-2013-061
— 3obit| 0-1e,pu 3b Yes  20.1 4 1.3 TeV @?ﬁ’)<3oo GeV ATLAS-CONF-2013-061
biby, b1—>bX1 0 2b Yes  20.1 by 100-620 GeV m(¥})<90 GeV 1308.2631
w e bbbty 2e,u(SS) 0-3b Yes 207 |b 275-430 GeV m(t7)=2 m(t}) ATLAS-CONF-2013-007
< .9 7 (light), i —>bXT 1-2e,u 1-2b  Yes 47 |4 110-167 GeV m(t))=55 GeV 1208.4305, 1209.2102
g S 77 (light), fi—>WhE) 2e,u 0-2jets  Yes 20.3 i 130-210 GeV m(&}) =m(@)-m(W)-50 GeV, m(7;)<<m(¥}) 1403.4853
g‘g fi1; (medium), t1—>r)((1) 2e,u 2 jets Yes 20.3 f 215-530 GeV m(¥})=1 GeV 1403.4853
<38 7171 (medium), 7, —>bX7 0 2b Yes 20.1 fl 150-580 GeV m(¥7)<200 GeV, m(¥})-m(t!)=5 GeV 1308.2631
%*5 7171 (heavy), fj =X 1e,pu 1b Yes 20.7 h 200-610 GeV ~‘f) 0GeV ATLAS-CONF-2013-037
<~ O 7f (heavy)btl -tk 0 2b Yes 20.5 4 320-660 GeV @?ﬁ’) 0 GeV ATLAS-CONF-2013-024
D fh, o) 0 mono-jet/c-tag Yes 203 | 7 90-200 GeV m(7,)-m(¥})<85 GeV ATLAS-CONF-2013-068
f,7) (natural GMSB) 2e,u(2) 1b Yes 203 |4 150-580 GeV m(¥})>150 GeV 1403.5222
s, h—th +Z e, u(2) 1b Yes 203 |# 290-600 GeV m(¥})<200 GeV 1403.5222
€L R7L. R, f—»t’xl 2e,u 0 Yes 203 |7 90-325 GeV m(¥})=0 GeV 1403.5294
5 Xlxl )(1 —Iv(t7) 2e,u 0 Yes 203 |i} 140-465 GeV m¥7)=0 GeV, m(Z, #=0.5(m(¥;)+m(t?)) 1403.5294
= o X1 X7, X1 >v() 27 - Yes 207 | X 180-330 GeV m(t})=0 GeV, m(z, =0 0.5(m(F%)+m(t})) ATLAS-CONF-2013-028
w3 Xlxaavafo(w) vl E(v) Seu 0 Yes  20.3 sz" 700 GeV ()28), m(9)=0, m(Z, #)=0.5(m(¥ )+m(t})) 1402.7029
Xl)(a—)WX Z)(b 2-3 e, 0 Yes 20.3 | XX 420 GeV m()? )= m()(z) m()??): sleptons decoupled | 1403.5294, 1402.7029
XWX hX 1e,u 2b Yes 203 | X4, 285 GeV m(¥T)=m(¥3), m(¥})=0, sleptons decoupled | ATLAS-CONF-2013-093
8 @ Direct ¥1X| prod., long-lived ¥7  Disapp. trk 1 jet Yes 203 | X 270 GeV m(¥T)-m(¥})=160 MeV, 7(¥})=0.2 ns ATLAS-CONF-2013-069
= = Stable, stopped g R hadron 0 1-5jets  Yes 22.9 g 832 GeV m(¥)=100 GeV, 10 us<7(3)<1000 s ATLAS-CONF-2013-057
ST GMSB, stable , 1@, pere,p) 124 - - 15.9 10<tanB<50 ATLAS-CONF-2013-058
S 8 GMSB, ¥{—yG, long-lived ¥ 2y - Yes 4.7 0.4<7(¥)<2 ns 1304.6310
=l qq,X?—)qqy (RPV) 1 u, displ. vix - - 20.3 1.0 TeV 1.5 <ct<156 mm, BR(u)=1, m(t})=108 GeV | ATLAS-CONF-2013-092
LFV pp—v, + X, yr—e +u 2e,u - - 4.6 311_O 10, 1;3,=0.05 1212.1272
> Blllnear RPV CA\/ISOSM 1epu 7 jets Yes 4.7 m(g)=m(g), CTLSP<1 mm ATLAS-CONF-2012-140
& )(1)(1 ,)(1 —SWX X —eevy, euv, 4e,pu - Yes 207 | X 760 GeV m(¥})>300 GeV, 1;5,>0 ATLAS-CONF-2013-036
XX, XWX 5110, et7, Bepu+T - Yes 207 |X 350 GeV m(t})>80 GeV, 113350 ATLAS-CONF-2013-036
§—q9q 0 6-7 jets - 203 |2 916 GeV BR(7)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091
g—iit, fi—>bs 2¢,u (SS) 0-3b Yes 20.7 g 880 GeV ATLAS-CONF-2013-007
O Scalar gluon pair, sgluon—¢g 0 4 jets - 4.6 sgluon ~ 100-287 GeV incl. limit from 1110.2693 1210.4826
& Scalar gluon pair, sgluon— 2e,u (SS) 2b Yes 14.3 sgluon - 350-800 GeV ATLAS-CONF-2013-051
"O" WIMP interaction (D5, Dirac x) 0 mono-jet  Yes 10.5 m(x)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147
L L L L I L L L L L L L I L L L L L L L
full data Mass scale [TeV]



OL 1406.1122 0L [1208.1447]
1L [1407.0583] 1L [1208.2590]
2L [1403.4853] 2L [1209.4186]
1L[1407.0583], 2L [1403.4853]
OL [1407.0608], 1L [1407.0583]

-=== Expected limits
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t{, production,t, = b ¥, % — w® ’;Z? m_ =300 GeV Status: ICHEP 2014
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- ATLAS Preliminary L, ~ 20 fb" {s=8 TeV

— 0L, [1308.2631]
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Soft Is hard
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Status: ICHEP 2014
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L. =201b" Vs=8 TeV

oL 1406.1122
1L [1407.0583]

2L [1403.4853]
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OL [1407.0608], 1L [1407.0583]
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Theory Options -susy

more subtle signals = precision



TheOl’y OpthnS ~non-SUSY
R G 2 H

flavor structure

more subtle signals = precision



Run? = Subtle New Physics



Standard Model Production Cross Section Measurements  siaius: varch 2015 JLdt

-1
FI'I'I" lllllllrl lllllllmmmmmmwm'_\ T[T T[T T rrrrrT [fb ]
pp — ¢ 8x10-8
ot ATLAS Preliminary
Je|t|s,3|%=0.4 0.1<pr<2TeV ¢ 4.5
y|<3.
I?yrgg&i*si)o.4 Run 1 \/_ = 7, 8 TeV 0.3 <mj <5TeV b 4.5
et 0 0.035
o : oz
fiduEitz-;l A 24(5.63
t —chan o .
ttotgl DA 240.63
WW A 20.3
ﬁdﬁ/ § 1213
[ o] .
Wi I 203
Wz ] A 143'60
2z A LHC pp Vs =7 TeV 20.3
Bale 6 Bl ooy 46
Wf\'cllv *:W z ‘: - Observed 4.6
aucia tat
f,dz?’, ¢ gtat+syst 4.6
ttW I; 20.3
tota
—Z ———————————— - -I 95% CL upper limit LHC PP \/g =8 TeV 4.7
s v 20.3
tty I: Theory 46
fiducial
- . Observed
Zijewe 5 B 203
H- 20.
fiducia?/’y Iu O 3
W)
fiducial, Z’e?io En 20.3
WHW2iEwk | gy 20.3
fiducial
techan [om——mmmmmmmmmm—————- === 95%CL upper limit 0.7
S?Octalan el o Tl T ol T T o =T 'I 95% CL ypper limit TN FE NN RN R 20-3

103 102 100 1 10' 102 10° 10* 10° 10® 10t 05 1 15 2
o [pb] observed/theory



Wil not cover

‘closed” games

* g ttx

(well known) indirect limits

e A FB, A C (eg. review 1506.02800)

. tZ tty, ...

o Gutowt (o(tt) 1210.2570, CMS-TOP-14-005 Ad(£2), boosted 1412.6654)
e Guw T'owt (CMS-PAS-B2G-12-014 and alike)



Wil cover

* Jop as a background
 [op as a source

* Jop as atrigger



Wil cover

e Jop as a background for subtle new physics
* Jop as a source of subtle new physics

e Jop as a trigger for subtle new physics



Wil cover

e Jop as a background for subtle new physics
* Jop as a source of subtle new physics

e Jop as a trigger for subtle new physics
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lTop as a backgrouno
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Data/Simulation

~

Q R 1205.5808  1412.4742+ATLAS-CONF-2014-056

Status: Feb 2015
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 Btr guerasma Bt ay rascsa TT, production, T = b 1 £3° /T Wb /T —t%
‘Ceff—_?ta}‘TtG;w_Elo'y’YSTtG}wl ';'600||||||||||1|||||1|||1|||
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—_— B —.'ﬂ—>t5‘<§ 0L [1406.1122]
A T emTty 1L [1407.0583]
CMS Preliminary 19.5 fb™ (8 TeV) g 9500— -I:—’ti? . 2L [1403.4853], 2L [1412.4742]
NN : _.5_>Wb>~(b 1L [1407.0583], 2L [1403.4853]
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lop as a source

lop as a trigger



Direct production of light states

despite being light, new physics can have

* |low cross-section (EW states)

e subtle signatures (hadronic states)

pp—tt becomes a trigger and a source for new physics




top decays to BSM

top as a “portal”

Direct production of light new physics:
e t = bH"— btV (CMS-PAS-HIG-12-052)
* { > 1y (few % BRinthe MSSM)

e t=>Tb—=>bbcCc RPN
Indirect test through higher dimensional operators:

e t & c/Z, CH (and c—q, 1508.05796, 1312.4194, PAS-TOP-14-020)
e t = bcl BNV 1107.3805 1310.1618)

* 1 = Qe (1507.07163)

* t = gW (1404.2202)

e t = DDC (1407.1724,1407.1725)

e Generic (SM is tiny)
e can be done — need to be done
 indirect test, but some models in the reach (e.g. ¢Z, cH)

lots of dedicated searches, worth considering also BR measurement 1506.05074



t = ty— b ff vy

{ t— ty

Br(t—ty) can be 5% for x=Bino

t— b ff'y

X stable LSP

t = ty— b ff' vy



t = ty— b ff" yy

{ t— ty

Br(t—ty) can be 5% for x=Bino

t— b ff'y

X stable LSP

L= tx—'xx

soft challenge



t = ty— b ff vy

An orthogonal playgrounad

b ¥ [ bW [t

Wy 2 |

[ T ‘ T T T T ]
— Ferretti, RF, Petersson, Torre - 1502.01721 ,’ -

ATLAS monojet (1407.0608)
ATLAS 1L (1407.0583)
ATLAS 1L (1407.0583)
ATLAS 1L (1407.0583)
ATLAS 2L (1403.4853)
ATLAS WW (1506.08616)
LEP (hep-ex/0204036)
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t = ty— b ff vy

An orthogonal playgrounad

bff x| Wy [ty
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lop as a trigger

hadronic stops in RPV SUSY

large QCD cross-section for direct production



lop as a trigger

hadronic stops in RPV SUSY

large QCD cross-section for direct production

larger QCD background!



95% CL Limit o X BR [pb]

Light bumps are difficult

RPV 1“

trigger is a killer at low mass

cut&count w/sub-structure in ATLAS-CONF-2015-026 102
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lop as a trigger

stops from top in RPV SUSY

hadronic stops in RPV SUSY




lop as a trigger

stops from top in RPV SUSY

hadronic stops in RPV SUSY

displaced
RFV 1" search

0
- - <’{ resonance
,.rff “ search




lop as a trigger

stops from top in RPV SUSY

hadronic stops in RPV SUSY




lop as a trigger

stops from top in RPV SUSY
hadronic stops in RPV SUSY

S
- - a % search




1506.05074

Global picture
of top decay fractions

(BR measurement)

Measured SM LEP
(top quark) (W)
o7 | 178 &3 (stat.) & 16 (syst.) £3 (lumi.) pb | 177.3 £9.075¢ pb
B; 66.5 + 0.4 (stat.) + 1.3 (syst.) 67.51£0.07 67.48+0.28
Be 13.3+ 0.4 (stat.) £ 0.5 (syst.) 12.7240.01 12.70+0.20
B, 13.4 + 0.3 (stat.) 0.5 (syst.) 12.7240.01 12.60+0.18
B, 7.0 £ 0.3 (stat.) £ 0.5 (syst.) 7.05£0.01 7.20£0.13

porecise test of SM

clearly a test for BSM (e.g. t— b t mET)

Interesting to see interpretation in new physics scenarios
=2 el 2 emeEb DI mER




0.35

0.3

0.2

0.251-

W helicity fractions

CMS 1410.1154

19.7 fb™' (8 TeV)

 Data,
Stat. unc.
- —— Syst. unc.
- —— Total unc.
|+ SM pred. (PrRD 81 (2010))

pp— tX

I B
0.7
F

| | | | |
0.65
0

" 0.75

0.8

) 19.7 o (8 TeV)
0.5+ ¥
i CM_S pp— 1t + SM Prediction
- Preliminary ¥ Data
0.45/~ TOP-14-017 -t
- ---- Total(20)
0.4
0.35[
0.3
0-25_ | L | | I | | | | | | | 1 | I | | | | I | | |
0.5 0.55 0.6 0.65 0.7
0

Interesting to see interpretation in new physics scenarios
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Conclusions

* top IN association with other states
* high precision study of top decay (including studies on hadrons)

precision is an asset, can be “inherited” for BSM interpretations

* “soft” new physics (mass~mtop) may be hard for searches

- BSM signals in precision top obs. (o, Ad(2L), mbe,Es, ... )
- N-dim strategy to isolate multiple small coherent signals
o mi < mt and mi < mi-my very worth looking at

* global picture of top decay, including BSM decays
. several examples (light t, 4-fermions operators, ... )
* top as a source of new physics, also trigger

- rare or soft BSM decays of W and b into tt sample
~ rare or soft BSM associated to tt




Thank you!
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Reduced sensitivity to possible new physics
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Reduced sensitivity to QCD production corrections
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Improved by calculation at NLO + 1.2 (syst.) £ 0.6 (th.)




tt b b 1508.06868

large multiplicity — challenge for (precise) predictions

background for BSM searches

test of radiation of b associated to top

ttbb dilepton ttb dilepton ttb lepton-plus-jets ATLAS

\s=8 TeV, 20.3 fb
------ Measurement results

cut-based
fit-based :

stat. ® syst. |} stat.
aMC@NLO+Pythia8 (BDDP)

aMC@NLO+Pythia8 (H /4)
Powhel+Pythia8 (H_/2)
MadGraph+Pythia
Pythia8 (wgtq3)

Pythia8 (wgtq5)

Pythia8 (wgtq6, sgtq=0.25)

> o4 % <> H O

Powheg+Pythia6 (inclusive tt)

5 10 15 20 25 30 35 20 40 60 80 500 1000 1500
0fid [fb] O.fid [fb] O.fid [fb]

ttbb dilepton ttb dilepton ttb lepton-plus-jets
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t — bH — bTV (CMS-PAS-HIG-12-052)
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Subtleties of the subtle effects
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Light bumps are difficult
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o(tt): m-+m,<m:

1407.1043 + hep-ph/9605340

B(t— tx) can be sizable

t — t efficiency

o 0.4

more on distributions later ...
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Mtop from mMojj that minimizes x° =

Top mass atfected by BSM? ...

“proxy” for the kinematic fit used in the present “best” measurements
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New physics effect on meeand Eo
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New physics effect on meeand Eo
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New physics effect on mee
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discussion with G. Polesello

G Mt My, mx=(200,100,80)
cuts TOP-14-014

(m- mc,my)=(200,100,80)

T T T T T T

T

- -
o oy s 3A> deviations
5% deviations 3 00|
| 2 | —d
4 B -
1 E —— tt+SUSY
: ge 50 - .
0' M 2 M N 1 M M " M 1 M " M M 1 N r n n 0 | -
P — " 1 " " M " 1 " M " M 1 "
0 50 100 150 200 0 50 100 150
myy [GeV] Ep [GeV)
1.00;..... .o'.o'oo'oo'oo'oo'oo'oo'o' " 0.9825' — '.'..;.'O.; ;.'oo' T e
> 0.08f ., o > 0.980F 0o ¢ *ece®
g [ o 2, L o °*
@ 0.96f . B 7 0.978F o L
. L o + L LN ]
= 0.04f o . '= 0.976F . » tt/tt+SUSY
= - ] r )
0.92f “ee’ 0.974F e ,°°
- 3 " " " " 1 L L i L 1 L L = + L " " " , 1 " " " " 1 " " " "
0 50 100 150 200 0 50 100 150
(m~z mc,my)=(200,100,80)
150
3 is
o) 18 100
- -
-} 18 —
> 1 = -
5 1E — tt+SUSY
5 18 I
o 1® 50
0— s 1 N 2 N 1 A N N 1 N N z 1 A 2 N 1 N N s 1 N : 0 "
40 60 80 100 120 140

my; [GeV]
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on-shell tops
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Merged |et resonances

Tt production, T — bs (Ayps=0)

ATLAS Preliminary 3

's=8 TeV, 17.4 fb™
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BSM Top FCNC overview

1311.2028, ATL-PHYS-PUB-2013-012, CMS-PAS-FTR-13-016
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