Higgs Drawbacks

% So with the addition of a Higgs boson around
125 GeV particle physics could be “complete”

- Like Mendeleev’s table for chemistry, but not
understood. By itself, the Higgs Is very
unsatisfactory:

Why are the couplings to the fermions what they are?

» Dumb luck (aka landscape)?
- What is the link to gravity?
- What about Dark Matter?
- Why does the Higgs break the symmetry?
- Why are there 3....7
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Hunting for Answers

< Get more information

- Measure particles and their interactions in detall Q-'

- Precision measurements (e.g. LHCDb) -(:2.

- Observe new particles or interactions ?,;

- Search in new areas in “phase space” ‘?’

“ Find the underlying pattern(s)

- Hypothesize, build models ;_I

- Internally consistent? Consistent with data®? g

~<

- Suggestions on where to look

Gustaaf Brooijmans CERN 2016



Where to Start?

» BSM physics must couple to SM (if it helps with
the hierarchy problem), but is it

- Resonant?

- Does it have new massive particles decaying to electrons,
muons, quarks, W, Z,...?

- "SM-like™

- Same but includes some new long-lived particles in the
decay chain... (e.g. dark matter candidate)

- No new “particles” in reach

- Hidden or too heavy or.... don't exist

- Are there new interactions?

Gustaaf Brooijmans CERN 2016
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Physics @ LHC

proton - (anti)proton cross sections

“ LHC opened a new era: "
- Tevatron was mega-W R
- LHCs ’ —
- Glga—W i: 6, [E,” > Vs/20)
- Giga-Z % lz | . e
, o (E,”" = 100 GeV) <
- Top factory (~giga-top) - // /§
- Higgs factory (mega-Higgs) : it g
- New physics factory? : "’::j: “

Vs (TeV)

10 em s

-

cvents/ser for L
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Experimental Searches

< By final state, so main questions are

- Does the new physics produce dark matter?

- Something we basically know exists and interacts weakly at best
with SM

= Yes: signatures contain missing transverse energy
= No: MET not generic signature

- Are there new interactions?
= No: we know how to calculate everything

= Yes: strong (resonances) or very weak (long-lived particles) or...”?

“ e.g. SUSY is (Yes,No) if R-parity, technicolor
(No,Yes)....
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With Dark Matter
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(Super)Symmetry Solution

WA
> !
<
> . —_— :
L{-ﬂ 4! o lﬁT[-
VAN
H r/ B E 1 3
: .
= - —— — ——)
\ ' |67
/TN |
i, ‘,: —_—
" " _H of & l(ﬂ['

o

N/
0‘0

N/
0‘0

f for every fermion
there Is a partner
0DOSON and vice-versa

- Loops cancel each
other

Symmetry cannot be
exact (no bosonic
electron observed)

- Symmetry breaking
leads to “residual”
Higgs mass

This Is supersymmetry
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Canonical SUSY

“ Wide range of signatures

- Strong production... (large cross-section)
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Missing ET

 “Evil” variable: - 2 (everything else)

- Need to understand “everything else”

- Good benchmark: leptonic W boson decays
Early 2010

T T I T LI I LI ] LI . > T T l T ] T

(%5 —.—Daza2010(\I§=7TeV)_; 81032_ —e— Data 2010 {5 = 7 TeV) _f
7o) 3 w T
8 1 €
S LY
10§

- 1

120 0

V] ET™® [GeV]

777
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ATLAS 2015-06-03 10:24:52 UTC source:JiveXML_266904_15236527 run:266904 ev:15236527 lumiBlock:351 Atlantis

@{ == =% Missing ET= 115 GeV
] Constant {1-1)
~ 300 ET (GeV) Height of tallest tower:
Scaleto AOD: 498 GeV
151 Trigger Decision:
. L1:passed L2:failed EF-failed
L L1-EtMiss: NfA E1-SumEt: N/A
| 350 proton - (anti)proton cross sections
E
> 20 Ty
= [ 150
| 100
'\\\\\\\\\\\
A MANANANA™S BANAN
L WALEANRY VAN
- NS AN A WS » .
L N N WY \,:_\\ = .;g_(r"' =~ 100 GeV)
. l‘\{ \-_ B T —\\"-\.\\—
0 RN . )\7
2 ) ANANANR NAVAVAN
L \ \,,.\ ANANAN
4 0 an 180 R 270 -1 :’;1':F[i-‘ .

5. (M, =150 GeV

G (M =500 GeV)
Higoe i

Vs (TeV)
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 Analyses using MET are particularly sensitive

Requires the full calorimeter to behave, and calorimeter

IS generally the most sensitive subdetector (analog, ~16
0ItS)

—asy: basic DQ (high voltage trip, etc.)
Hard: low frequency

~ / -5 . Missing ET in MHT30 skim |
Can t SpOt a 10 HZ . 2105 MET includes cells with E>0 (no CH)
(once a day) effect online & B o corecton
' . |:] Bad runs were removed
Or In fIrSt paSS DQ 10" S Noisy events were removed
- But can be biggest part of

dataset after cuts! ©

2
10

0 50 100 150 200 250 300 350 400

Missing ET, GeV
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< With “cleaning”, QCD evaluated from data,...

% :l TTT I TTTT I TTTT l TTTT I TTTT l TTTT [ TTTT I TTTT I TTTT I IIIII % 8000_]_| [ 1T 1T T TT | 1T | T TTT | T TTT I 1T __l
@ 7000F —} Data2ot0 fs =7 Tev) 0 g ATLAS Preliminary -
N - e 2 7000F 3
5 6000 QCD (data template) - S - —e— Data2010fs=7TeV)
2 000t : ¢ 6000 % W E
< - I = . QCD - -
L 40005 W — ev + EW +it Lfl 5000:— -Z—Hlll u _:
: JLdt: 36 pb’ : 40005 [ Jwow E

30005— ATLAS Preliminary 30005 -
20000 - 3 ]

: : 2000t j Ldt=33pb" ]

1000 E 1000F ]

i i — e, 7

00 10 20 30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100

E_rII_WiSS [GeV] E-rplss [GeV]

% Already ~200k clean W — v events in 2010

- Almost a billion now
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SUSY as a Benchmark

“ Hadron collider = produce squarks and

gluinos decaying to jets + MET

- Optimize jet pt & MET cuts for different scenarios,
since gluinos produce more jets than squarks

- Use Mesf to discriminate, measure of event Q2

> T I T T T | lllllllllll I > C T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I
() 106 L] Data2010(\s=7TeV) (o)) 4— e Data 2010 @s=7TeV) j
0] p — SM Total O 10°¢ -1 — SM Total E
o L dt ~ 35 pb [JQCD multijet o & L dt ~ 35 pb (1 QCD multijet
0 10 3 W-+jets © B 3 W+ 7
. 3| +ets
5 (2+ ]-?)*jets 10 - Signal regions C& D g7 i E
GC) 10* [tt and single top q $ C (23 Jets) [+t and single top ]
= ==« SM + SUSY ref. point S 102k e e SM + SUSY reference poin%
W 10° T g 3
10 p B w o F
e ATLAS q _ X5 10 ATLAS
10 S 1
~ s >0 g
] q X1 }
p 107+ | 4 e ...
10" | l S\ i L L
2 25 e R T q 3 25F T
E 1-51 ______ g +~r'"' E 1-51 -
S 05 s . . = S o5k Tty . . e —
00 200 400 600 800 1000 0O 500 1000 1500 2000 2500 3000
miss
ET™ [GeV] Moy [GeV]
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“ Leptons in decay chains....

> - ariae e Dala2010fs=7TeV)
S g ATLAS > Stndard Mogel | ") N
O .; Ewuljtlejtests g % : T T T I T T T I T T T I T T T l T I1 T I T T T I T T T I T :
— - + - _ -
- 10° - J‘L dt ~ 35 pb 52+jets — g 10%°E \s=7TeV L dt = 34 pb —
2] i = = . =
o Esingle top = T - ATLAS Preliminary -
£ 3 Dibosons . P L ]
o 102 »=*MSUGRA m,=360 m, ,=280_ £ 10 _
1 lepton: e, n 3 o S 3
— T — ——— o ]
10 = B fmimy Vimim, i
= 15 -
! E S :
E 10'L .
10 = = : i S B
3 o : 0l = .
® C + ] 3 ; _J :
T qeneteons ot ++ = Ediimta Pl c L v ereeeieedoad]
C 0 20 40 60 80 100 120 140
% 50 100 '1'56 300 350 300 350 400 450 500 p, 2" leading lepton [GeV]
my [GeV]
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All Praise COM Energy!

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: Feb 2015

—600

>
D

O550

ATLAS Preliminary N

\5=7,8TeV =

Long-lived

*Only a selection of the avai

able mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o~ theoref

al signal cross section uncertainty.

. ~—
Model &Y Jets EX™ [Lanm) Mass limit Reference E
MSUGRA/CMSSM 0 26jots  Yes i 17TV, mig=miz) 14057875 5 OO
= 0 26jets  Yes i 850 GeV' m(¥))=0 GeV, m(1* gen. g)=m(2" gen. 3) 1405.7875.
2 V| (compressed) 1y 0-jet  Yes 7 i 14111559
SN 22 20t o 26jets  Yes ® 14057875 -
& i g WA Tew  B6jets  Yes ¥ 1501.03555
8 | ittt 2ep 03jets - i 1501.03555 -
Q@ GMSB(INLSP) 1274010 02jels  Yes i 16TeV 14070803
‘B GGM (bino NLSP) 2y - Yes I3 miE})>50GeV. ATLAS-CONF-2014-001
S | oM (o NLsP) tewsy - Yes hs0cev HTLAS GONF 2012 144 4 50
£ GGM (higgsino-bino NLSP) ¥ Th Yes miit)>220 Gev 1211.1167
GGM (higgsino NLSP) 2042 03t Yes m(NLSP}>200 GeV ATLAS-CONF-2012:152
Gravitino LSP 0 monojet Yes 865 GeV. M(G)>1.8 107 eV, m(F)=m(@)=1 5TeV 150201518
= 0 3b Yes 7 mii})<400 Gev 1407.0600
g3 0 710jels  Yes i m(T}) <350 GeV 1308.1841
< E 0len 36 Yes & m(i1)<400GeV 1407.0600
L Otes  3b Ve i m(#4)<300Gev 14070600 4 0 0
we 3 2h  Yes B 100-620 GeV m(E)<90GeV 13082631
25 2eu(89) 08h  Yes b 275-440 GeV m(Ei)=2 mi) 14042500
SS 12en  12b  Yes i | 230460 GeV M) = 2m(E}), mE])=55 Gev 12092102, 1407.0583
83 i1, Wot] or i} 2eu  O2jets  Yes A 215530 GeV. mE})-1 Gev 1403.4853, 1412.4742
S8 A, i-d] Oten  12h i 210-640 GeV. mE)=1Gov 1407.0563,1406.1122
%g R, et} 0 monojetictag Yes i (i -miE}) <85 Gov 1407.0608
OB b i 42 3ep@ b Yes 290-600 GeV. m(i})<200GeV. 1403 5222 |
Tglig, 00 2ep 0 Yes miif)-0Gev 14035294 -
XXX (e 2ep 0 Yes 140-465 GeV =0 GeV. mi({. )-0.5(mi(T} Jem(E)) 14035294 -~ .
SRt 27 - Yes 0.5(m(F; Jsm(i1)) 1407.0350 - .
BE Hd e siim Sep 0 Yes 700 GeV. S{m(ii)omii) 14027029 S~
R T 23ep  02jels  Yes 420 GeV' sleptons decoupled | 14035294, 1402.7029 — ~.
T W R, b/ WW/rr/yy €H: 02h  Yes =0, sleptons decoupled 1501.07110 3 0 o —
R RS s Tl dep 0 Yes 620 GeV. ST mir) 1405 5085 |
Direct ¥1.%; prod., long-lived 7  Disapp. trk  1jet  Yes 1310.3675
@ Stable, stopped # R-hadron 0 15jels  Yes 832GV 13106584 -
G Stable g R-hadron 1k - - 14116795 -
T GMSB, stable 7, I -7@. itrien) 124 - - 537 GeV. 10<tan<50 14116795
S GMSB, ¥/-G, longrlived ¥} 2y - Yes eV, 2<r(F})<3 ns, $PS8 model 1409 5542 -
¥ qau (RPV) 1pdisplvix - - 1.0TeV. 1.5 <cr<156 mm, BR:)=1, m{¥ ATLAS-CONF-2013-092 2 50
LFV ppsvs + XoVemve + 4t 2ep - - 15,010, 1,2-0.05 12124272 |
LV pposts + XoFeme) £7 lepsr - - 15,010, 12124272
S Biinear RPV CMSSM 2e4(88) 03b  Yes M@=, crisp<1 mm 14042500 -
a A —eer, et dep - Yes 750 GeV/ )50 2xm(Er ), A1z 40 1405.5086 -
= Vot ers,  BepsT - 450 GeV mE)>0.2xmiF), dss#0 14055086
0 67jets - 916 GV BR()-BR(:)-BR(c)-0% ATLAS-GONF-2013.091 -
Foiit b 264u(8S)  03h  Yes 850 GeV 1404250 2 O 0
Scalar charm, é—cF} 0 2¢ Yes 490 GeV' m(})<200 GeV 1501.01325 -
=8TeV -
) RS e Mass scale ()

150

Tevatron blown away....

MSUGRA/CMSSM: tanf} = 10, Ao= 0, u>0

E ATLAS Prelimi

L
nary

g
%
2
e

& (1000) [ | LEP 2%,

— - e Observed 95% C.L. limit
-=== Median expected limit
< «a. CL; Observed 95 % C.L. limit

CL, Median expected limit

% Reference point
—— 2010 data PCL 95% C.L. limit
------ CMS 2010 Razor,Jets/MHT

\ DO g, g, tanp=3, u<0, 2.1 fb’*
I CDF g, tanp=5, u<0, 2 fb”"

| §@oo) | i
Y R ——
\I P T T T N R R R

1500 2000 2500
m, [GeV]

2016) hours of LHC data
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But...
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We’ve Found a Higgs!

 If new scale, these go

7o : to the new scale...
. L{_ _4: }__ _IL_ L — lénz .\..;E:
N < Jo ~cancel these,
need to primarily
NV
S % 1 compensate for
éz-j W g—\? —> 1672 8k
VN - TOp
- W/Z
7 | |
'; —> AL’ - H
. N . 167~

= Discovery of the light
Higgs refocuses new
physics search
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SUSY and the Higgs

 For SUSY, 125 GeV is rather heavy!

- Need light higgsinos, stops, sbottoms... but heavy
“light” squarks = “natural SUSY”

- Stop at the forefront!

M
_— 8 d f (ﬂaJ)La 'I]'Ra JR)
- © (¢,3)L, Cr, SRr
br
toby,
t

(Copied from A WVeiler)
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Stop Searching Anatomy

{, production,t,— b f f i? IT—c i? /T— Wb if 1Tt %

;‘ 450 _I_ [ | 1T 1T 1 | L | T T 1 | T T 1 | 1T 1T 1 1T T T ]
8 - ATLAS Vs=8TeV, 201" =
= L — -ty tOL/1L combined
W 400 iy 2L, SC N
- - OEEToWbEAIPY WW E
50 _-.§_> Wb, :1L, toL | /
— —cy c 4 ’ :
C by te, L 0476180 190 200 210
- m; [Ge
300 — = Observed limits ==== Expected limits All limits at 95% CL 7]
250 —
200 -
150(— =
100| .
50 -
0 . [ L 1]
200 300 400 500 600 700 800
my [GeV]
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Stop Searchlng Anatomy

tt1product|on t%bffx /t cx /t%WbX /t

1

;‘ 450|_| T | T T 1 | T T 1 | 1T T 1 | T T 1 | T T 1 1T T T ]
<D - ATLAS Vs=8TeV, 201" = 3
O, - =l tOL/1L combined &5, 3
% 400 mmto 1y 2L, SC 3. £
- - -t—>Wb5‘(6/bff~° WW € 3
- EEi-Wby, tiL, t2L 3
30 oy o g .
C EmTbiry tc, tiL 05976180 190 200 210
300/— m; [GeV]
— = Observed limits ==== Expected limits All limits at 95%
250
200
150(—
100 ngh mass:
50 _ | run out of
4 °
o 500 o CTOSS-Section

Tiny mass gap:
soft decay products
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Many Many Limits... Sigh

b-b, production, b~ b+ L™ =20.1fb", \s=8 TeV g-g production, t,—> t+%° L™ =20.1fb", \s=8 TeV
PP 1 X, g-gp X
;' 1100 _l L B B l L l L I L ] LI I LI l L I L l_ ;‘ 1600 L I 1T 1 7T l T 1 17T l L I T 1 17T I T 1 1 7T I L I 1 17T
) - _— - E o - o o 4
S, 1000 - ATLAS Preliminary === Expected limit 16, 3 o} - ATLAS Preliminary ---- Expected limit t1o,,, -
= 500 = 0Oand 1 lepton + 3 b-jets channels ~ —— Observed limit + 1 G%Lf(:y 3 £ 1400 — 0 and 1 lepton + 3 b-jets channels - Observed limit + 1 O-%’ESOYW ]
- imi (9 -1 - ~0 -
= m(%) =60 GeV Allimits at 95% CL ] [ m(%,)=60GeV Alllimits at 95% CL ]
800 — _o ~0 et — 1200 — ~ ~ A —
%X, —>h+% .-l - - m(q,,)>>m(g) N 1
-2 ! A ] L 12 R i
700 3 — i N AR i
- 3 } E 1000 [ [[1] ATLAS Tf, 20.5 " ) : -
C /! ] - \o‘b\dd ! .
A S - - A I -
500 = s = 800 [— {‘)/' / —
I - [~ - 1 1
400 - 3 - : §
- = 600 [— —
300 . - - _
200 -_*'I"I 11 I 11 11 I‘-I 1.1 1 I 1 1 1 1 I 11 1 1 I 11 11 I 11 11 I 1 1 1 1_— 400 —l 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I—
200 300 400 500 600 700 800 900 1000 700 800 900 1000 1100 1200 1300 1400 1500
m; [GeV] my [GeV]
~~ . ~ = ~0 ~, o~ int -1
—~ ~ — ~ ~ roduction, g — tt+x_, m(q) >> m L™ =20.1fb", \s=8 TeV
gg production, g — bb+x?, m(q) >> m(g) L™ =20.1fb", 1s=8 TeV S % .p — 9 — X1| (.q) ; .(g)l —— T
;‘ N T T T I T T T | T T T l T T T I T T T I T B [0) . . . . -1 —_
- -~ — 0} - ATLAS Preliminar ---- Expected limit +1c 18
é 1400 — ATLAS Pre||m|nary ---- Expected limit +1 N ) _7;51000 | y P | E
Gl - . susy 1 £ L 0lepton + 3 b-jets channel —— Observed limit + 165> { @
£ ~ 0 lepton + 3 b-jets channel —— Observed limit + 1 O heory @ L B ey | X
1200 — o . T - All limits at 95% CL 12
- All limits at 95% CL . § 800 — — 8
1000 — ’1.40.0 5554 504 239  15.0 —igé C 'm,{"m s me e e en eo an i g
- 6(‘520’—’ 723.0 435 23.7 15.9 5.9 ggg - ,)33‘6 854 392 241 137 168 97 68 43 31 = g
800 — \666(\ ‘___-""1470.2 2072 440 80 5.5 2.8 _EBE 600 N 1;‘9 ‘:0; 4337 .130 B j: : za :__ é
i 20 412 - S —" A o == 4 R
B e Ny S N S 22 21 4 9
600 — —:4§ 400 04 22 36— LZ
- 2 - 0 0O 21 19 19 — &
. id% — ,’GX/*‘\ .9 59.8 30.0 2 ‘}.8 19 19 - 3
400 = —1'_4% - o A 2 356 207 1 E'E.o 19 19 — g
Py 9 +4.%’ 200 — ) 1 2349 828 358 243 23.7 2 5::20 16 1.8 —f g’
-1 o 353.0 966 51.2 251 17.7 143 19 18 1.8 = -
2009+ _1'4g 123 5565 1659 64.4 346 180 155 125 i.o 18 18 — é
51 ;S-g 137B-52936 972 49.1 272 184 141 115 108 93 84 74 32 26 24 22 ;.‘ 1 |_:53 18 18 - =3
i : Is Ozbs—tobs—sd drdo—sd TSRS SEPY MUY N PR S N P 0. S NSV B
Orbatedetds 1o 1l 1 a0 k1o 1 Sl 5 L 4lsZ 600 800 1000 1200 1400
400 600 800 1000 1200 m; [GeV]
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Stop Searching Anatomy

(Off-shell intermediate stop)

99 production, g— tﬁ'(?, m(@) >>m(g), /s = 8 TeV

. 2SS/3 leptons, 0 - = 3 b-j
800 — arXiv:14gf2gQOS e
600 —
400

-
-

200 —

- =

\
1
1
1
\
1
1
1
1
1
1
1
)

ICHEP 2014
T T TTIT[TTTT]
1000 — ATLAS 95% CL limits. o )S" not included.
- - Expected . _ 4
- ~  Preliminary P ¢ -Ie;?to .7-210 jets L =203fb"]

[L =20.11fb7]
int

ts [L_=20.31b

_IIII|IIII|IIII|IIII|IIII|IIII|I“III|IIEI

600 700 800 900 1000 1100 1200 1300 14

02" 1380 1600
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Same-Sign Leptons

“ At hadron colliders, leptons signify

proton - (anti)proton Cross sections

something interesting happened e
. 10° é' o, ‘é 10°
- E.g. Z production ok - e o
% Same-sign leptons even more ot 1.
interesting”? Lower background? o | 0
+ \ gt 0’ F ‘ 10> g
- W W 10' ; ~. 10’ :::9"
- but also B/D meson oscillations g °F 19 %
© 0 F Eto“ E
- mostly low pt 0" S 400 E
10" f /,-f-""' 1 10°
- and wrong charge measurement o b // ]
. . ; Gm(Eljd“"\S/d‘: _; 4
< With lower background, access to M AT e
. 10" M / 110
smaller cross-sections, smaller mass 0 o, —m0Gey)  / \ 3w
gaps 10" (,)11 PR ““.i A L....lno e T
) ) Vs (TeV)
- At the cost of small branching ratio ;
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Same Sign Lepton Excesses

'_% 18 High-pT signal regions with = 2 b-tags 3 18 ignal regions with = 2 b-tags T
= = Observed events 10 6 4 0
»16 ¢ Data 16 ¢ Data
14 [ Rare SM processes c14 ] Rare SM processes Total expected background events|4.7+21 | 14408 21+1.1 1.2+04
2 Charge misID <|>> Charge misID
w2 Non-prompt e/ w12 Non-prompt &/u Components of the background
10 [ZX] Total bkg uncertainty . ) | Total bkg uncertainty _ B o g
E / ; ttV, ttH, tZ and tttt 25+£1.7 06+£03 1.24+1.0 0.7£0.3
Dibosons and tribosons 09+04 (¢.10+£0.04 0.3£0.1 0.5+£0.3
Fake leptons 0.874% 04157 04755 <0.1
Charge-flip electrons 0.5+0.1 0.3+£0.1 0.3+0.1 -
o : o 73 p(s = 0) \ o007/ oot 018 o050
SR21 SR22 SR23 SR24 SR25 SR26 SR27 SR28 SR21 SR22 SR23 SR24 SR25 SR26 SR27 SR28 \ /
CMS (SUSY), http://arxiv.org/abs/1311.6736 (24 signal regions in paper) ATLAS (SUSY), http://arxiv.org/abs/1404.2500 (5 signal regions in paper)
CMS (s=7TeV,5.0-5.1f6"; (s =8 TeV, 19.3-19.7 " ” , , , , , , , -
=i —e— Data 3 T T arias
wr = &'"f ATLAS gnw E — %L:\ z;s TeV, 203 fb!
_ 1005 Vs=8TeV, 20.3 fbo™ - o . i)
o5 - — =h 2107, (-.—-—H 20 58]
10° & — = I
TiTh [~ = o 3 3¢ e 28 122 (391
4= ——— : 20170 He 09 5 (23]
.1 o a o1 1832133
- > e — 9639 (23
Jame-Sign 21 |- — g 1027, 9.6 99 (53
g Combined li—o—H 21498 (1]
Combination [— - & 3
e by by by by b b b by by by K L L L L L L L L L L
-10 -8 -6 -4 2 0 2 4 6 8 10 ¢ SAVLQ0 ~ SAVLQT SAVLGZ SAVLQS ~SRVLQ4 ~ SAVLGS ~ SRVLGS  SRVLGT 0% 6 4 2 0 2z 4 6 8 w0 12 1w
Best fit o/og,, at m, = 125.6 GeV SRHO - SRatt SR42  SR43  SRa Best fit u(ttH) = o/ogy, for my = 125 GeV
CMS (ttH), http://arxiv.org/abs/1408.1682 ATLAS (TT), http://arxiv.org/abs/1504.04605 ATLAS (ttH), http://arxiv.org/abs/1506.05988

It certainly looks like multiple analyses looking
at same sign leptons and b-jets see excesses!

Could it be SUSY? Eg. tr —t+ B —t+ (WE + W)

Huang et al, http://arxiv.org/abs/1507.01601
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Same Sign Lepton Excesses

cms (s=8TeV,L =19.5fb"
-_% 18 High-pT signal regions with = 2 b-tags
516 ¢ Data
T14 [""] Rare SM processes
0 Charge misID
w12 Non-prompt e/u
10 [7X] Total bkg uncertainty

SR21 SR22 SR23 SR24 SR25 SR26 SR27 SR28

CMS (SUSY), http://arxiv.org/abs/1311.6736

cMS (s=8TeV,L, =195fb"
-_% 18 ignal regions with = 2 b-tags
16 ¢ Data
= 14 \ | Rare SM processes
Q Charge misID
L 12 Non-prompt e/u

| Total bkg uncertainty

SR21 SR22 SR23 SR24 SR25 SR26 SR27 SR28

(24 signal regions in paper)

SR1b 14in ee eu L
Observed events 10 6 4 0
Total expected background events | 4.7 + 2.1 1.4+08 21+1.1 1.24+04
Components of the background

ttV, ttH, tZ and tttt 2.5+ 1.7 06+£03 1.24+1.0 0.7£0.3
Dibosons and tribosons 09+04 (¢.10+£0.04 0.3£0.1 0.5+£0.3
Fake leptons 0.874% 04157 04755 <0.1
Charge-flip electrons 0.5+0.1 0.3+£0.1 0.3+0.1 -
p(s = 0) \ 0.07/ 0.01 0.18 0.50

ATLAS (SUSY), http://arxiv.org/abs/1404.2500

(5 signal regions in paper)

cMs Vs=7TeV,5.0-5.11b"; /s =8 TeV, 19.3-19.7 1t ” . . . . . . _
2 - 3 — —————r
4 — tot. ATLAS
| —— 2 10* ATLAS twiz = ik B
Y i Mis-id E — stat. Vs =8TeV,20.3fb!
L 10° Vs=8TeV, 20.3 fb" = ailsial]
bb —B— - 3 2607, G-—H 28 % (19 >
"""" = —
Th (— | o 3 3¢  ——— 2.8 7 (39
4= ——— i 20170 H—e—4 09 3 (29
3~ — 107 4l Jmo————1 18128 (291
10270 9.6 99 (33
. ) > ° ad [@——
same-Sign 2| |- —— g 3
g | Combined [ 2192 {18
Combination — —i— g 3 El
o b b by by b b b b b by 3 E| . . . . . . . . . . .
10 -8 6 -4 2 0 2 4 6 8 10 SAVLO0  SRVLOT SRVLQZ  SRVLQ3  SAVLQ4 ~ SRVLQS ~ SRVLQG ~ SAVLGT 0 8 6 4 2 0 2 4 6 & 10 12 1
SR4t0 SRat1 SRat2 SR4t3 SRat4 Best fit #(ttH> = O'/O'SM for mII = 125 Gev

Best fit o/og,, at m, = 125.6 GeV

CMS (ttH), http://arxiv.org/abs/1408.1682

ATLAS (TT), http://arxiv.org/abs/1504.04605

ATLAS (ttH), http://arxiv.org/abs/1506.05988

The ATLAS analyses are correlated, and same for CMS

So, ~2 analyses and excesses are < 3 O

Worth keeping an eye on?! Sure.
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13 TeV

> L B B L I I I UL IR I % LN L S B S B B N R L B B %16_"['f'|"r["'yrf'|"r"[\"" ] >7-"\-\‘-.\|-\V|H-|H-|‘\--|.-_
& 14 ATLAS SROb3] before ET** cut & 8F  SRObS] before ET** cut ATLAS 3 o . [ ATLAS SR1b before E7** cut ] 8 ATLAS SR3b before EJ"™ cut ]
el |s=13TeV, 3.2 fb" e Data ] Q 4 e Data 1s=13TeV, 32 1b" E Q 141 |13 Tev, 321" o Data e © B[ Is=13TeV,32f" e Data —:
« . , NSMTotal  muw,tz Ny YSM Total ~ @Charge-Flip B N N o NSMTotal  @Charge-Flip] © Y ISM Total @@ Charge-Flip ]
@ [ SUSY g—qqliy;,  @WZ, WW,ZZ @Rare ] ) @EWZ, WW, ZZ gttw, ttZ 1 © 12[=----SUSY b—> tWy,  [JFake Leptons [@Rare ] 2 g SUSY g ttx, OtW, ttZ  [JFake Leptons
S ;=13 TeV, m_=500 GeV [JFake Leptons @Charge-Flip] S 6 [OFake Leptons .F%are0 B S [ m;=600 GeV, mi"=50 GeV OHW, ttZ @WZ, Ww, ZZ S m= 1.2 TeV, m_= 0.7 TeV @Rare @WZ, WW, 2Z ]
i 2 1 & g SUSY G qqWZ7’ E o 10F : 3 S % ]
B mg=1.1TeV, mi°=400 GeV 9 r b 4 -
"""" : 4 ’ E 8 3 i 3
- B C 1 3 3
u 3 = 6 3
- i R MW : 2 -
= 2 E 4f SN ]
] 1 2 §\
LS == == e e — 0 T B I o e e e Erer ————— —— ST o S EE
40 60 80 100 120 140 160 180 > 200 40 60 80 100 120 > 125 40 60 80 100 120 140 > 150 40 60 80 100 120 >125
ET™ [GoV] ET [GeV] ET™ [GeV] ET™* [GeV]
! ! 231" (13 TeV 2.3 (13 TeV.
C,N‘ls‘u..HH..“\‘,.2i3\ft‘)‘(‘1?-|n?v) CMS\ ,‘.‘|‘.,\2}3f\b.(1‘3.-r$\{) 0100 \\II\\II]\[IS\b\(?\’Ie) ﬂsoo‘(‘:‘MHHH‘HHHHHHH“H)
@ 60~ HH SRs ] $ 70~ HL SRs - E [ Dat Total uncertainty ] = [ Data Total uncertainty )
f‘:j ¥ ~+-Data ] 'f:)_, ~+-Data ] [} [ CMS $ ome D ] Q 700 d D —
S sof- [JNonprompt lep. i 60 [“JNonprompt lep. - Lﬁ 80+ I:lFlavorsvmmetric .Z+iets lOlherSM - 1] [ |:|Flavorsymmelric Imets lolherSM l
F wz ] Owz B F : 600~ 7]
v ] X4y ] [ _ ] [ & A v & ]
40 [l Charge misid. J 50 EttzH ] 60 Niﬂs =23 Njets >4 | 500 & 5 A °4° ] é@' 1
mtzH ] W ] L H;>400 GeV 1 L & S 1
B X+ 1 40 B Charge misid. —: r b 400
30 Eww b Eww ] L Q N Q N |
) Rare SM ] ] Rare SM b 40 L 7 v 4 T J 300
] ] L] N : o N0 N0 ]
20 4 ] i 1 200
] E 20 L] ' ]
] ] - 100
10 E = 0 - $ 0
1 ] 33333333333333335 gz gees g3
0 . u LCECHGCEOCNCECEGNONONONG NG RONONGIG I 2932 3288 23!
510 x 30 8£5888888K8888885%3 2293 83282 28
TYOO T YOO YOO NS E 2908 cgor2 ag
SR SR OO W AOOW A O AOD O AL - a- o= -y
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Not much there....so far
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Anecdotes From the Field (ll)

% ttbar charge asymmetry at the Tevatron

- At Feynman diagram level, NLO effect (Tevatron is proton-anti-
p rOtO n C O | | l d e r) Forward-Backward Top Asymmetry, %

Reconstruction Level
Forward-Backward Top Asymmetry, % 450 GeV
m.< e
Production Level http://arxiv.org/abs/1 107.4995 ey
D@, 5.4b™ 7.8+4.8
:: 1l . R
CDF, 5.3fb-1 15.817.2+1.7 Ca. 20 I O’ blg fu SS. CDF, 5.3fb™ 2.2+4.3
much larger than SM! [, sy
e D@, 5.41b™ 11.5+6.0
DQ, 5.4fb™ 19.646.07 %
CDF, 5.3 fb 26.6+6.2
S.Frixione and B.R.Webber, . Frixione and B.R. Webber,
JHEPOG 029(2002) Lo IJHEP‘IJG-?%(?‘?"?: L
' -10 0 10 20 30

000>
00006001 06000060
a) Final state gluon bremsstrahlung FSR (b) Initial state gluon bremsstrahlung ISR
—— 6000000 y—>—
' : >fm‘m*r<
—<—=0000000 »——
(c) double virtual gluon exchange (d) Born diagram
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Anecdotes From the Field (ll)

% ttbar charge asymmetry at the Tevatron

- At Feynman diagram level, NLO effect (Tevatron is proton-anti-

proton collider)
Reconstruction Level
Forward-Backward Top Asymmetry, % m, < 450 GeV
Production Level http://arxiv.org/abs/1107.4995 — e
D@, 5.4b™ 7.8+4.8
4
CDF, 5.3fb" 15.8:7.241.7 C 20 I O b' f . . |
a—- 9 Ig uss- CDF, 5.3fb™ -2.2+4.3
H————e—— mg > 450 GeV
v much larger than SM! [, .
’ D@, 5.4b™ 11.5+6.0
rixione and B.R.Webber,
JHEP 06, 029 (2002)
! | ! P —e—
0 10 20 30 CDF, 5.3 fb 26.616.2
S.Frixione and B.R. We
EP 06, 029 (2002)
Lo b e v b b |
10 0 10 20 30

- Inreal life, already exists at ~LO!

- Shown it is there in Pythia: parton shower, recolls! heup:larxiv.org/abs/1205.1466

http://arxiv.org/abs/1405.042 |
06 D@, 9.7fb

A{Jﬁ (My) current conclusion:
: " no BSM physics here: just (N)NLO
i AP + non-perturbative effects at work

-0.4F

300 350 400 450 500 550 600 650 700 750 ---
m, [GeV]
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Not SUSY?

“ SUSY theories (and others with full or partial set of
SM-partners) have a number of attractive features

- “Explanation” for low Higgs mass (and sometimes EWSB)

T T T T
LHC &

LC/GigaZ

' MSSM: Allanach\et al.,
hep-ph/0407067

—

- Gauge coupling unification (often)

- Dark matter candidate (if introduce a new  2°
parity, natural in UED, ~ad-hoc in SUSY)

- No new interactions (often) 24| y
* . . 10 Q [GeV] 0
* But answering those questions comes at a large

cost

- Many new particles, with masses and mixing angles

- Need to explain why mass scale is so low (or high), spin?
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Not SUSY?

“ SUSY theories (and others with full or partial set of
SM-partners) have a number of attractive fe S

- “Explanation” for low Higgs mass (and g

)

LHC &

- Gauge coupling unification (ofteg 05‘1 _A”anaL:’IG‘gaz
> -
- Dark matter candidate (g QQJ’Q . v |
parity, natural in UE S O _ > o'¢
- No new intg %‘50'
° 0 1015 — IIIH1|016 | I
. \0 : Q [GeV]
< But a8 V Pestions comes at a large

CO:s
- Ma

¥ particles, with masses and mixing angles

- Need to explain why mass scale is so low (or high), spin®
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Less Ambitious
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Giving up on Dark Matter

2 Electroweak-scale WIMPs fit the data well

- But maybe hard/impossible to produce at colliders

* Or dark matter not WIMPs at all

“* Back to problem #1:

" T

\ | 1672 !
N f

7N
_{

= [op partner!
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Singlets, Doublets, ...

* Vector-like top partners (still fermions) less

constrained by ftlavor....
- Opens up decay modes

- Top partner partners:

I e
“* Rich set of signatures
- Just no huge MET

- At least not systematically

| | | | | | | [TrTTT

bl | | | | | |

ol b b b b b g vy 0 17
300 400 500 600 700 800 900 1000

m; [GeV]
b
T W
b W- H,Z
T
b,t,t
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“ T—->Wb wit

W’s Can Be Light

= W will be

N Mt ~600 GeV

noosted, and it decays hadronically —

E 3000~ _¢- Data (1s = 8 TeV) ATLAS Preliminary (%5) 4000 - ATLAS Prellmlnary —— Data (\s = 8 TeV)
o [ O [Lat=1431" o Ldt=14.31b" s
= - [ Non-tt 7 T as00f I Non-t
g 2500: 77 Total BG uncert. / g - Z Total BG uncert.
o - TT (600) Chiral x 50 ® so00F- 9z 0 v TT (600) Chiral x 50
W 20001~ w =
B ’ 2500(—
i 7 :
. wr o | B “Monojet W”
- 1500F 7/
1000 -
B 1000~
500~ 5005
o oF S o oF
o 1.5F , m 15
;1 /%W%WW% .
S 0.5k T 05 ,
[m) ()]
0 2'0 100 120 140 160 0 20 40 60 80 100 120 140 160
1] |
Wﬁ’fj candldate mass [GeV] W 2" candidate mass [GeV]
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Wb versus Ht

* T—-WDb yields the same final state as t—=Wb

- Need to discriminate, e.g. reconstruct mr

http://arxiv.org/abs/1505.04306

T 200 ATLAS ——Data
O 2037 Is=8TeV l TT->WbWb (600)
S 200 T T e TT (600) singlet
g : Ctt
® 180:_ [ Non-it
E’ 160_7% %/, Total Bkg unc.
H 140 Wb+X, loose
12082
7/
100F
- vttr Lt

80—

60— —> Wb

40

20—

ofllII|IIII|IIII|IIII|IIII| IIIIIIIIIIIIIIIIIIII

o B
x  15F
@ Z
S BT
= O0.5F
) £ . .
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Wb versus Ht

* T—-WDb yields the same final state as t—=Wb

- Need to discriminate, e.g. reconstruct mr

s T—Ht: ttHH, so WWbbbb

http://arxiv.org/abs/1505.04306

200
180
160
140

Events / 150 GeV

&III“III

120 /////’////////

100
80
60
40
20

IIIIIII|III|III|III

220ATLAS
= 20.3fb", Is=8TeV

\

—— Data

B TT-W'bWb (600)
...... TT (600) singlet
CJtt

[ Non-it

%/, Total Bkg unc.

Wb+X, loose

1.5F

0.5

Data / Bkg
I §§€ I
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Wb versus Ht

* T—-WDb yields the same final state as t—=Wb

- Need to discriminate, e.g. reconstruct mr

 T—Ht: ttHH, so WWbbbb

http://arxiv.org/abs/1505.04306

> C = F RN-E 3 ATLAS
© 220F-ATLAS —¢— Data _ 3 _ ;: _
O 0 = 503 o |s=8TeV B TT-WbWb (600) T 0.8F " i = 350 GeV_: ... My = 400 GV Vs=8TeV, 203 fb
S 200 T e TT (600) singlet T 0.65 it ’~0’Zo = ,p% 1 wb+X
r - CJtt = E : “”/)yé" ¥ ; .’“/)y&‘ 95% CL observed exclusi
- . _ S— 04__ : ~~~/O -+ - ..~/o - o observed exclusion
ﬂ 1 80 = I:l Non-it o E 1 [} '?{ I E [ '?{ 1 = 95% CL expected exclusion
GCJ 160 _y 722, Total Bkg unc. @ 0'25_ : .’\._EE_ H ”0.. * SU(2)doublet @ SU(2) singlet
> % T om0 GovE T s s00Cav D e
L 140 Whb+X, loose 08k e m = 450 GeV_:_ N my = 500 GeV___ " m = 550 GeV_:
: N7 3G ool E
SN 05 i by, F 5 Ty N T
) 04F i RS oy T i gy
100F ﬁ 0.25_ :.. ° ~~,..~ __ . ~...’ __ - ~...~~ _
- vt Wt : T T RS | s,
80 3 my - 600 GeVE My - 650 GeV § my = 700 GeV
60 = T N ' ' b 0.6;* ?".{j’?p/) "* 0’7,0/) '1' 0’7'0/) '
40 0.4E R PR wFop, 1 A E
C “F Y T i ¢ ¥ ] o ¥ ]
20 :_ 02:_ " ‘e - _:_ : ~.~.’ —:- : ~~.’ —:
0;||||||||||||||||||||||||||||| 1N T Y Y Y 08-‘ I|rT~._I_:I750IGeV--I ' Ir-n_l_:IBOOIGeV“I ImT:r850'GeV—I-
(@)] = .
X  15F & 4 Y
m b 0.6p% /),o T /7'0 T /70 ]
S BT i Yo, | Yo, | oy,
© : 0.4 % G o
% 0.5F ook e ¥ i . i . _
(] E ) ) ) : e
1 1 1 1 L | 1 1 1 1 1 1 1 1 1 1
0 200 400 600 0 0 02 04 06 0.8 0 02 04 06 0.8 0 02 04 06 08 1
BR(T — Wb)
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Wb versus Ht

* T—-WDb yields the same final state as t—=Wb

- Need to discriminate, e.g. reconstruct mr

 T—Ht: ttHH, so WWbbbb

= Er — e ATLAS http://arxiv.org/abs/1505.04306
j,:r 08:_5 Q....’ m-l— = 500 e —EE—E ~.~.~ mT = 550 e 3 YE -8 TeV, 20.3 fb1 % : ATLAS + Data
ey 3o 1 G 30F T
2%k s, R ' o - 20.3fb", 15=8 TeV I TT singlet (600)
~ 0.4 O i 7 3 95% CL observed exclusion o r ! 2 - . X
. ° ~.C‘e + 3 OQ tt I ht‘ t
% H .'.{ I ° ".{ ] mmeee 95% CL expected exclusion : S6i>4b MminAF{ - 100 GeV ! +lignt-jets
0'25_5 "~,. E :::. * SU(2) doublet @ SU(2) singlet n 25 |_:) ) = " bb o | tt+cC
e 1. C e U v T € T Pre-i FaE
ogbh my =600 GeVii . mr=650GeVIiitw.m;=700GeV: § C [ tt+bb
Ei ; & v
0.65% "9’0/; EH RO E ”9’0/; E 20¢ I ttH
0.4F %, 20, i RS - ] Non-t
' E H [ ] .'~~ _: 3 ® .’0. : _'_‘.'.'.. : -
0.2:—E ___',Z:. ‘::‘E “-"__,.--'— —-E ’,...o---’ 5 # 7/ Total Bkg unc.
. . 1 A 1 L omn . . ol . . . 3 B
08k ~.,\ my = 750 GeV_EE_ E ~.,\ my = 800 GeV__L:::‘ my = 850 GeV ; C Hi+X
B ‘oo, I: S, ] 10—
0.4E . et 'ks'/b _"_- o yslé I y@/b 4 B
BT e Y g o« ¥ o« ¥ -
0.2F* + + 3 5—
08 ‘m =900GeVi  m;=950GeVi  my=1000GeV -
-OF T T ] _| L] e
3 7 i Y i 7 ] OF
0.6 "on, * s, * s, 2 1.25F
0.4F R + %, + R ] o c
’ 74 /74 74 ~ 1
0.2F * + * + e : S o5t
1 1 1 1 1 1 1 1 1 1 1 m " E_
0 0 02 04 06 038 0 02 04 06 038 0 02 04 06 08 1 a 0_56

BR(T — Whb)
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Systematic Uncertainties

% Statistical uncertainties are easy: with limited number
of events (and experiments), precision on a
measurement is limitea

% Systematic uncertainties vastly more complex

Neven S
- Example: measure a cross-section: o = ¢
[LAe
- L s the integrated luminosity, A the acceptance, € the

efficiency
- Statistical uncertainty comes from Nevents

- Systematic uncertainties arise from limited knowledge of L, A and €
» L is estimated from Van der Meer scans
» Atypically depends on parton distribution functions

» efficiency is a convolution of many experimental uncertainties
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Example

“ Hr is the sum of scalar energies of
jets, leptons,...

> = . . .
8 5o ATLAS —#-Data - If the jet energy scale is different
o - 20.3fb", \s=8 TeV Il TT singlet (600) : :
= C . [ tilight jets between data and MC, comparison is
> 25-_261,24b, Mbb > 100 GeV []tiece
= C Pre-fit I 65 wrong
0 - [ tiv _
20F — Lo - If the jet energy scale dependence on
sE e g e jet energy is wrong, distort shape
1of - eftc.
F  But how do | determine the jet energy
i scale uncertainty?
0
S t1.25F - testbeams (single pions)
- 1
I g ’
g OF - dijet balance
0% 500 1000 1500 2000

I
-
[o)
D
=
|

v/Z+]et balance
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Systematics Profiling

“ Systematic uncertainties are propagated through the full
analysis chain to the discriminating distribution

- E.g. we repeat the analysis with jet energy scale shifted up & down
by 10

- Some systematic uncertainties affect shape (jet/lepton/photon
reconstruction efficiency, energy scale and resolution, pr
distributions, background models), others only normalization
(lepton reconstruction efficiencies and momentum calibration,
background normalizations, theoretical cross-sections and

luminosity)

- Systematic uncertainties are treated as nuisance parameters when
fitting signal+background to the data

- l.e. modify signal and background shape

- Can be fixed, or allowed to change
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cvents

Systematics Profiling

“* Nuisance parameters tend to be correlated, but
not 100%, among backgrounds

- (Can affect rates, shapes, or both (in any distribution),
and often asymmetric and non-gaussian

¢ Data
- B signal
S0 [] Background 1
- [ ]Background 2
o Toy Example (W. Fisher)
30
20—
- signal Shape Systemat Ic BKgd 2 Shape Systematic
- ] ” g oor
08 —Positive [ & | — Positive
o 8
— . w 04 .
|||||||| l 11 11 I 111 1 I 111 1 I 111 1 l 11 1 1 I 111 1 I 111 1 I 111 1 I —NegatNe g : _Negatlve
0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 S 02l
Final Variable é - j_’_’_,_:—\_\—
o OE_
a2 02 “_\_‘_‘_“‘_‘_\_
:
-0.65™ & Ly b.l
na Final v
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 Generate pseudo-experiments (events in bins
according to poisson), then for each experiment vary
nuisance parameters

- Variations in background (& S+B) prediction

- Compare results to data using log-likelihood ratio

* We can maximize likelihood ratio as a function of
nuisance parameters — constrain them

- |.e. use full shape of distribution(s) to see which background
uncertainties are over/underestimated

- Of course limited to size of statistical fluctuations
- Can remove bins with large S/B if needed

- Mostly important if uncertainties lead to similar shape distortions
- Want enough background-rich phase space in fit!

- Even include control regions
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“* Test example:

- Data constructed to disagree with background-only

hypothesis (wrong estimates for background uncertainties)

- But to agree with background-only better than signal+
background

- Improvement quite spectacular (by construction in example)

ATLAS ttH search: arXiv:1503.05066

> 1000 ATLAS —e Data > 1000~ ATLAS —e— Data
[ Systematic Uncentainties Per Bin (%) | O] [ Vs=8TeV,20.3 1" mm tTH (125) 0] [ Vs=8TeV,20.31b" mm ttH (125)
= S L Dilepton ) tilight 2 | Dilepton L) ti+light
@ N ! 1 tt+cc «© | tt+cc
= :_'__‘_|——|_|_‘_‘_'_'_,—l_—|_ > 800?24], 2b B ti+bb = 800?241,2b B tT+bb
E A6 = [ Prefit/ otV = [ Post-fit COtt+V
8 - No Fit o 1 non-tt ] r non-tt
2 1 — L goo & v, Total unc. O gool », Total unc.
12F ~ Bkgd-Only Fit
10  —— Signal+Bkgd Fit 4001 400
sF L
- 200 200—
6 — e —— r
A R g
= 3 1 22 3 1 22 g
2F= — — o 1 o 1250
- " : 1WWW N it anal
o Lo b biaa gl oo daovaa g aadavaalaig ;075 ;075; s +
01 0.2 03 0.4 05 0.6 0.7 08 0_.9 = 65 = (')5:
Bin Index o - oo 400 600 1000 1200 a 7 200 400 600 800 1000 1200
H, [GeV] H, [GeV]
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Fit Results

* Need to compare
starting point and
results

- Pathologies due to lack
of MC stats in some
areas, strong
correlations, ...

% Crucial to design
analysis with good
control regions the fit
can use to address
least understood
systematics

tt+bb normalisation

jet energy scale 1

ti+cC normalisation

tt+bb renormalisation
scale choice m

tt+V cross section

tt+bb shower recoil scheme

jet energy scale 2

light-jet tagging 1

tt+cT ti p, reweighting

b-jet tagging 1

tf+cC top p, reweighting
tf+bb renormalisation scale
jet energy scale 3

light-jet tagging 2

tt+bb PDF (MSTW)

A
-1 -0.5 0 0.5 1

|IIII|IIII|IIII|IIII|

ATLAS \s=8TeV,20.31b", m =125 GeV
/ 7,

=

RN

®
7
7
7
Illlllilllllll.l ,Illllllllillllll
-15 -1 -05 O 0.5 1 1.5
—— Pull (@-Go)/AG

Pre-fit Impact on n

////// Post-fit Impact on p

ATLAS ttH search: arXiv:1503.05066
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All Together Now

ATLAS Preliminary

1 1= 10
- ol AN m; = 350 GeV N ¢ m; = 400 GeV E m; = 450 GeV Status: March 2015
T osf N, 0.8 N 0.8 4
- ¥ O\ 6_,@/ ) Ty fs=8TeV, Ldt=203"fb
T 06 oy 06 [ 06 - - -95%CLexp.exc. —— 95% CL obs. excl.
— o4F 04 b 04 b [ Hux [ATLAS-CONF-2015-012]
m ; E E ' Same-Sign Il [Preliminary]
m °%F 0.2 - 02 [ ] zomx  [JHEPT1 (2014) 104)
0 A ! 0 i 0 el . , Wh+X [ATLAS-CONF-2015-012]
0 0.2 0 0 0.2 0.4 0.6 0.8 1 )
¥ SU(2) (T,B)doub. @ SU(2) singlet
10 11 1r 11
C C C 18 N G my = 650 GeV
0.8 08 |- 0.8 - 0.8 | \"","’6
: - ¥ [ F sy,
0.6 :—* 0.6 H 06 ¥ 06 ¥ TN v
0.4 | 04 F 0.4 0.4 |
02 02 F 02 02 F TN
0: 0: N 0: L 0: 1 ..’._-.//I__ : I\\.\. 1 N
0 0 0 0.2 0.4 0.6 0.8 1
10 11 1r 11
C C C rf = (/ m-l- - 850 GeV
08 08 F 08 08 F| ===,
C L C /09 C J’&/oe
0.6 [= 0.6 ¥ 06y ¥ 0.6 |- /
: |- L ¥ o : °
02 02pF 0.2 02
0: 0:..1.. L ;. O—I\...I..I...I...I... 0:1...1...|......|...
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BR(T — Wb)
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Presented Differently
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ATLAS Preliminary

/s =8TeV, 20.3fb" Summary results:
Same-Sign |l

Preliminary

b/t + X

JHEP11(2014)104

Ht+X,Wb+X comb.
ATLAS-CONF-2015-012

Status: March 2015
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