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VLQ

Chiral 4th Quark Generation %‘Vector—liké quarks (VLQ)
| » LH and RH same SU(2) transformation
¢ direct mass term allowed : mww

* mix with SM quarks

* excluded by Higgs discovery

» multiplets w/ SU(3)xSU(2)xU(1) quantum no..

singlets +2/3 0
& (B) -1/3
(X,T) +5/3, +2/3
doublets IENEN:) +2/3, -1/3 + 12
(B)Y) 113, -4/3
: (X,T,B) |+5/3, +2/3, -1/3 _
BESl  TRY) [+23, -173,-43| T O]

Johannes Erdmann 3



Composite H, Little H, ...

* only known elementary scalar

| « Amp quadratically divergent

t

H

| — Perhaps not elementary ?
* (pseudo-)Nambu-Goldstone boson of new

strongly interacting sector ?
* VLQ predicted with m = O(2 TeV)

* indirect constraints exist, but model

dependent — need direct searches !
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Pair Production & VLQ Decay

Strong pair production
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(decay kinematics may be different for different couplings)

Decay

e assume : only coupling to 3" gen.
*VLQ — t/b + W/Z/H
* BRs given by multiplet

SU(2) Singlet
—T>Wb e T>Wb

PROTOS

1200
m; [GeV]

800 1000

':.___Tl““




Single Production

VLQ
>
W/Z
VLQ ~
b/t ‘\/LQ
Mixing Our coupling cur
tL,R u t1.R cosbf p  —sinb pe' t1.R Tsing (X1) = {(Ciw)z i (Cgvf} ovilMx) +ei’ er’ (MXW:f mt) 7viMx),
TLr = Uik TO - sin 0% e}_i‘f’“ CoS G'i“ TOI — 2 2
| LR bR LR LR oang(XD) = ()" + (Y)*] oyp(0x)
rang(X0) = [(eX)? + (8Y)?] o) + Y Y (Mxﬂ:f mt) oL (My),

(Aguilar-Saavedra, Benbrik, Heinemeyer, Perez-Victoria,

Phys. Rev. D 88 (2013) 094010) (Matsedonskyi, Panico, Wulzer, JHEP 12 (2014) 097;

also: Buchkremer, Cacciapaglia, Deandrea, Panizzi,
Nucl. Phys. B 876 (2013) 376)

m
‘ q —_— q ‘ q *1. > — ‘. —y
Mixing angles not independent tan 0}, = o tanf] (singlets, triplets) ,
° ° ° 77?
— LH/RH dominates in each multiplet tanf? = ? tan 6% (doublets),
‘Tn,Q '
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Statu S Q u 0 afte r Ru n - I CMS Searches for New Physics Beyond Two Generations (B2G)

95% CL Exclusions (TeV)

Q'—=qgW(semilep+M)
T'(5/3)(dilep,ss)
T'—tZ(semilep+lep)

T'—tH(semilep+lep)

Vector-like T'

. ® Extensive search program for pairs
|
|

| ® Mass limits from ~700 to ~900 GeV

T'—=bW(semilep+lep)
T'—=bW(semilep+M)
T'—=bW/(hadronic)
T'—tH(H—>yy)
T'—tH(hadronic)

* Depend on assumed BRs ! B'—bZ(mulilep)

B'—bH(multilep)
ATLAS example : (JHEP 08 (2015) 105) B'=>tW(multiep) Vector-like B'
singlet T: m > 765 GeV | o isedie)

B'—bZ(dilep)

B'—bZ(semilep)

B'—DbH(semilep)

B'—tW(semilep)

B'—bH(hadronic)

O 02 04 06 08 1 1.2 14
Johannes Erdmann Excluded Mass (TeV)




Run-1| Strategies

i4 * 0 dominated by pair production
.11 * Focus on decay to 3™ gen.
| » Exploiting the full BR triangle
* ATLAS strategy inclusive (‘'TT—=Ht+X’)

* CMS strategy more exclusive ("TT—=bWbW’)

* combination papers (PRD 93 (2016) 012003 and 112009)

ATLAS T(1bW)

Vs =8TeV, 20.3fb" Summary results:
Same-Sign dil. 850

arXiv:1504.04605

Zb/t + X
JHEP11(2014)104 800

Ht+X,Wb+X comb.

arXiv:1505.04306

CMS

Observed 95% CL mass limit [GeV]

9.7 b (8 TeV)
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Single Production @ Run-|

(Aguilar-Saavedra, Benbrik, Heinemeyer, Perez-Victoria,
Phys. Rev. D 88 (2013) 094010)
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100E - '\ . E
E LN ®y) EW constraints YOj| 3
102 “‘\,.\. | / _] i
= — Bbj| ° T —— S
~ o SN — TH - ' ® Pair production dominates |
O = ~ _ = H
= = T, S — X3} 5
x [ (TR . ‘ Xy form < ~ITeV
= i BEFE e ' ]
1 T SN . .
© = * EW single production
E XT) 33 ~ |
107 : e - may dominate at high m
oL T~
107 | 8Tev ~_
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| | Single pr;duction may be enhanced (here: excited b)

t
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Single Production @ Run-|
——————  ATLAS

on challenging at 8 TeV 7 EXPERIMENT

low 0 for EW with large coupling
JHEP 11 (2014) 104 = [~ T : ]
also JHEP 02 (2016) 110 & 105 A0, 0 E excited b-quark
O 95% CL Exclusion Limits ]
u . : U S e : JHEP 02 (2016) 110
T - Fr:;ﬁ)sgf ?\_/,B) Doublet Ybj Max.
Z I\ 1:— '\\‘\\' :---- I;']l;l,reCC‘l_/tVbil1n.%|§R7(-t|)/jV2/)|:é:5 -
B = ) :
= N ]
A 1\ _\\\ 1
g ’ ; \%10'15—
00000000 < o ~_ !
u d i \\\ 7
R T | .\\. |
e+ 0.4 0.6 0.8 10 T \1/_.2
m e
T EPJC 76 (2016) 442 (@) [TeV. ,
via heavy gluon b
, b A BH b
b
00000000 <

Q|

PLB 758 (2016) 249 | |
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Some Excitement @ Run-|

Same-sign leptons + b-quarks

JHEP 10 (2015) 150

(7] I I I I I I I
= — —e— Data -
210 ATLAS Cttwz =
e 3 Q Mis-id =
= i Fake/non- t lept 5
10° (s=8TeV,20.3fb" O i promeeptans
= @ Dibosons -
102 cut&count ] oe _
,,,,,,, - Uncertainties =
10 e e
/////////
L]

I

Significance

SRVLQO SRVLQ1 SRVLQ2 SRVLQ3 SRVLQ4 SRVLQ5 SRVLQ6 SRVLQY
SR4t0  SRA4t1 SR4t2  SR4t3  SR4t4
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Compact Muon Solenoid

Link to other Run-1 excesses!?
(just one ex. Dobrescu, Liu, JHEP 10 (2015) 118
propose |}/ — H_I_AO/HO — thtt)

19.7 fb™ (8 TeV)

S Lame | ¢ 'patag7in) | -
2 108 E—CMS 7777 1 (1147) -
Al = ] DY+HJets (475) -
o - Other (151) ]
~ - —— Mw, =25TeV (29) -
2 1 02 = 7 Z ------- My, = 2.5 TeV unbinned —=
o - My, = My, /2 ]
> L ]
u ]
10 =
1 E
>
10"

(%) 4 —_ All Systematic Uncertainties ! ]

..‘E : - No Shape Uncertainty
S 2r { b

o LI G g
v ¢ LB : , 1
0 1 2 3 4
EPJC 74 (2014) 3149 M. [TeVl 2



From 8 TeV to |3 TeV

CMS Peak Luminosity Per Day, pp, 2016, Vs = 13 TeV

Data included from 2016-04-22 22:48 to 2016-08-19 23:50 UTC

[
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ax. inst. lumi.: 12.97 Hz/nb

=
B

=
N

[ CMS Offline Luminosity (Preliminary)

=
(=)

Peak Delivered Luminosity (Hz/nb)

0
7 »9 ‘,\o‘!‘,\o\\‘,\a\!‘,\o\l \ \ \o \ \ \ \‘)\P»"QP»‘?‘QP"Q

Date (UTC)

' ®* Record in instantaneous luminosity !

| * Comes with higher pile-up
° Results in this taIk based on 20|5 data
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ATLAS-CONF-2016-032 (06/16) Same-Sign Leptons

|

! ) o . | . -
‘o e*e* + U* P* + e*U* + trilepton

Xs/3
/° |/ and Z vetos
X w * high : Hr & b-tag multiplicity & MET
- * categorize and count !
t

same 8 categories as

Run-1)

> B T T T T | T T T T | T T T T | T T T T | T T T T | T ] 4(2 2400 __ | | | | | | __
8 ~ ATLAS Preliminary Vs=13TeV, 32" —— i cI (100 fb) (x 178) 7] GCJ — ATLAS Preliminary Vs=13 TeV, 3.2 " —— i ¢l (100 fb) (x 178) -
o 1400 ss dilepton / trilepton B — Ll>J 2200 ss dilepton / trilepton B —
2 ] Preselection =ttt SM (100 fb) (x 206) - 2000E- Preselection — tttt SM (100 fb) (x 206) =
B 1200— UED 1.2 TeV (75 fb) (x 93] ] 1800 = ——— UED 1.2 TeV (75 fb) (x 93) ]
= - T 0.75 TeV (295 fb) (x 123] = —— TT0.75TeV (295 fb) (x 123]
g 1000 TT 0.75 TeV (295 fb 123__ 1600E TT 0.75 TeV (295 fb) (x 12 :
Ll - Total Bkg - 1400 = Total Bkg —
800 . 1200 E
600— <4+ r—> 7 1000 ;— 4+—p | <> > —;
: | soof E
400 - 600F =
- — : 400 L =
200 gy . — - -
- o e B, _ 200= —
O_ L ﬂl I ! e e —— 0= | =

0 500 1000 1500 2000 2500 0 1 2 3 4 5

Z
o

Ht = Zpr(jets) + Zpr(leptons)  Hr[GeV]
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ATLAS-CONF-2016-032 (06/16) Same-Sign Leptons

Main Backgrounds TLMA

tt+WwW/z/...

| o charge mis-ID (only e?*)

| ® fake leptons

' from MC

| ® from matrix method | * from Z = e'e

- * 54% systematics | * 25% systematics

 ® trident electrons :

I I I

N = T T T =
T — o Data 2015 = .
§ = L.AS Preliminary | {s=13 TeV, 3.2 1t E F:kZ/Non_prompt = ° Charge mis-1D
\T T SS\dilepton / trilepton + b-jets OO0 Charge mis-1D |
107 Cuwzww 3 * fake leptons from
— [ ] Dibosons -
— Other bk a .
2L ot ] Y conversions
=R — TT 0.75TeV (295 fb)
E [Z] stat. Unc. : — fake lepton subtraction
10 NN Total Unc.
- : to avoid double-counting
1
. (VN — y . y y y . .
25 2-2 B Total Unc. Stat. Unc. B
8 15 kggggg
S R R anancitisioss MA VAN NTNENNISA RIS + 22 22 Run-l excess
0.5 f W I
070 1 5 6 7

i |NOt reproduced

Johannes Erdmann |6




ATLAS-CONF-2016-032 (06/16)

BR(B — Hb)

o(pp = T__Ts) [PD]

Same-Signh Leptons

107"

1072

T T | T T T
ATLAS Preliminary
Vs =13 TeV, 3.2 b™
SS dilepton / trilepton + b-jets

T | T T T
—e— QObserved limit
----- Expected limit

+10
+20

—— Theory (NNLO)

_3 | |
10400

| | | |
600

| | | |
800

| | | |
1000

| | | |
1200

| | |
1400

m; [GeV]

ATLAS Preliminary
/s =13 TeV, 3.2 b
SS dilepton / trilepton + b-jets

Observed limit

1000

900

800

700

600

95% CL mass limit [GeV]

e m(Xs3) > 0.99 TeV (was 0.74TeV @ Run-1)
',‘ * m(B|singlet) > 0.83 TeV (was 0.69TeV)
| * m(T|singlet) > 0.78 TeV (was 0.66 TeV)
* sensitivity toT via H > WW*or Z — Il

T e/y
Z e/y
elH

= 1000 <
T ATLAS Preliminary D
! /s=13TeV, 3.2 fb" S,
— . . . 900 =
= SS dilepton / trilepton + b-jets £
m @
Observed limit 800 &
S
—J
700 O
32
3

600

500

1 400

BR(T — Wb)
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Same-Sign Leptons & |+jets

CMS PAS B2G-15-006 (12/15)
Ny
—— \\ \
— — —— |
e atat t gt 1t
g e TPt tet ‘!
| * J/Y and Z vetos |
* high : Hr & pr(lep) & #(jets+leptons) 'i‘
* no b-tag requirement i
' * count in lepton flavor categories !
17—77 i - V .77‘— o — . 7 - e
1; * e* charge mis-ID suppressed by comparing up to 3 charge measurements
‘1 * standard track reconstruction (Kalman filter)
| GauBian sum filter — improve bremsstrahlung modeling
* rel. position of cluster and track (for pt < 100 GeV)
prompt same-sign
Channel PSS MC NonPrompt  ChargeMisID  Total Background | 800 GeV Xj5/3 Observed
Di-electron 241 +0.29 2164191 1.90 + 0.60 6.47 = 2.02 4.38 7
Electron-Muon |[2.98+0.36  5.20 £3.21 0.54 +0.18 8.72 4+ 3.24 9.14 3
Di-muon 0.70£0.12 §2.09£1.69 0.00 = 0.00 2.80+1.70 3.55 1
All 6.09 £0.67  9.45+5.49 2.44 +0.76 17.98 4+ 5.58 17.06 11
|18
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CMS PAS B2G-15-006 (12/15)

New |+jets channel

| » high lepton pr, MET,
jet multiplicity & pts
 * 4 categories: #b, #W

Same-Sign Leptons & |+jets
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min[M(l,b)] (GeV)

600 800
min[M(l,jets)] (GeV)
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CMS PAS B2G-15-006 (12/15)

CMS Preliminary, 2.2 fb" (13 TeV)

11

—— 95% CL observed
95% CL expected

[ + 10 expected

[ ] =20 expected
Signal Cross Section

I T TTTT]

10

o(X_ X ) [pb] - RH

5/3
[

same-sigh

I j’llllll

Same-Sign Leptons & |+jets

CMS Preliminary, 2.2 fb™ (13 TeV)

Compact Muon Solenoid

Signal Cross Section

| g | T 17T T 17T T 17T T 17T T 17T T 17T T 17T T 17T
o) i: | | | | | | :I
o —e— 95% CL observed
el
A~ I~ 1
g R H """ 95% CL expected
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Q - ]
><Lo - \: + 20 expected ]
N - —
- n _
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107"

1072
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CMS Preliminary, 2.2 fb™ (13 TeV)
IIII|IIII|IIII|IIII|IIII_|

—— 95% CL observed

'_IIII

i R H ----- 95% CL expected i

- + 1o expected
\: * 20 expected

Signal Cross Sectj
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X. . mass [GeV]

5/3

"o m(Xsi3|RH) > 950 GeV (was 800 GeV)
| o m(Xs3|LH) > 910 GeV (was 800 GeV)
* ATLAS slightly more sensitive (920 vs. 900/860 GeV)

* CMS improves at high mass due to I+jets

20






Ht+X

ATLAS-CONF-2016-013 (03/16)

1.2

0.8

Fraction of events

0.6

0.4

0.2

i | | | | |

- ATLAS Simulation Preliminary

[ 1s=13TeV [ Total background
. Otal backgroun

- 26j, 22D —— 1T singlet (800)

...... TT doublet (800)
........... 2UED/RPP (1000)

-----------
.....................

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ.

| S— VTPTTPPIPR | |

2 3 4 5 6 7 8
b-tagged jet multiplicity
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Fraction of events / 10 GeV

| ® Many b-jets, many jets, some MET

* Dominant background : top+b/c+X

' Categorize in #b, #fat-jets (next slide),

mpb of closest b-jets (from Higgs)

o
—
III|III|III|III|III|III|III|III|III|III

[ Total background
—— TT singlet (800)

TT doublet (800) :
2UED/RPP (1000) :

.....

..........

......

......

......

OO

50 100

150

20

250 300
MR [Ge V]
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BOOST Fat (‘Large-R + Massive’) Jets

Compact Muon Solenoid

Lorentz boost

CMS PAS _[ME-I5 002 5 ATLAS-CONF-2016-035 ATLAS-CONF-2016-013
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Ht+X

ATLAS-CONF-2016-013 (03/16)

> 7 — 3
S climinary :??tzoublet ©00) 3 (gL ATLAS PreI|m|nary E t[t)at? N t' E A L
S LSO i o F (s=13TeV,3.2fb" JECIREL A
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2 N Fas E @ " Post-fi Non-tt -
o : E tlilon%sfb . § 120_—P03t fit % Tgtgl Bkgunc.
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60[- g 60[- 1 — -
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- 125_ 77/, Total Bkg unc. _E - - . . ..
; ; 12 o , E modeling uncertainties
10 E 1o~ 24% uncertainty -
8 E 8 - for top+LF/c/b
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Ht+X

ATLAS-CONF-2016-013 (03/16)

i'.
|

3‘ IIIIIIIIIIII|IIII|IIII|IIII|IIII|IIII
o 10 = =
— =——— Theory (NNLO prediction +15) - L
= r — 95% CL observed limit i !
T [ e 95% CL expected limit i —
Q i I 95% CL expected limit +16 ]| el
5 1B 95% CL expected limit 126 m
: SU(2) doublet :
10_15—
| ATLAS Preliminary
102 Vs=13TeV, 3.2 fb™ =
E Ht+|X | | | | | | :
600 700 800 900 1000 1100 1200 1300 1400

m, [GeV]
jonannes cramdann

m(T|singlet) > 750 GeV (was 765 GeV)
* m(T|doublet) > 800 GeV (was 855 GeV) |
* expected limits improved by 60 GeV (singlet), 80 GeV (doublet) |

Tt T 1000 <
0.9 = 8
| ATLAS Preliminary 950 =
08 \s=13TeV, 3.2 fb" Mgy E
0.7 Ht+X = ¢
 e— N E
0.6 Observed limit E 850 E
0.5 — @)
5 2
0.4 E 3
. (@)
0.3 5 _;
0.2 _i
0.1 _i
0 01020304 0506070809 1 00
BR(T — Wb)
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Wb+X

CMS PAS B2G-16-002 (03/16)

i
|
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|

M
(!
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\
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Events / 20 GeV

CMS Preliminary
500 i—

Bkg uncert.

0 200 400
min[M(l,b)] [GeV], = 1 b tag

Johannes Erdmann

600 800 1000

1 e/, MET, > 3 high-prjets |

' e final discriminant :

* min(m(lb))

Pull

| » categorization in #b-tags +

| ~ #W-tags from other T-branch |
CMS Preliminary 23107 (13 TeV)
DATA
TT(0.8 TeV) — nominal x400
--------- TT(0.8 TeV) — bWbW x400
--------- TT(0.8 TeV) — tZtZ x400
«25000EN L. TT(0.8 TeV) — tHtH x400
£ mm oco
> BN EwWK
it W ToP

] Bkg uncert.

2_ ..........................................................................................................................................................
|
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P
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BOOST

350
300
250
200

Events /(5 GeV)
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100 L

50

Data-Fit
0‘data
o
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Lorentz boost

QIIII|IIII|IIII|IIII|IIII|IIII

- 2207 (13 TeY)
CMS | . ICMS Datamlr -Vl\l+jets | =
Preliminary B wwwz D =
[_]Single Top %] Uncertainty =

< signal region — High-Purity _;

G—— » =

enriched enriched

!

—H@—
I|II|I

60 80 100 120 140
Pruned jet mass (GeV)

CMS PAS EXO-15-002

Normalised Entries

Tagging W Bosons

4

— ATLAS Simulation —]
0.22+ .
0.2 - (s=8TeV wz. W-jets (in W— WZ)
E In™MN<1.2 -=== Multijets (leading jet) -
018 350 <p™" <500 GeV ~ --- 82T _ 509, E
0.16 MCut =
0 142_ anti-k R=1.0 jets B
" E Trimmed (fcut=5%,Rsub=0.2) ]
0.12F S =
0.1 oL =
- N e ]
0.08 ;% —
- ALy .
0.06} 1 .
0.02 [ # E

: Ja I/’-T ‘Ir—,ll 1 | | | E 1 | | 1111 I'-/:.lTVT'/V'i I L1 1 | | L1 1 | | ||

0 1 15 2 25 3 35 4 4.5

Compact Muon Solenoid

e mass window around mw

| ® two-prong-sensitive variable

* N-subjettiness (CMYS)

O
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N
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Wb+X

CMS PAS B2G-16-002 (03/16)

' Mismodeling of jet pt1

e observed in inclusive SR

|‘
| ® linear correction derived E
o
* separately for top & EW 2
©
. conservative syst.from °”
| lower statistics top CR o
w 2
‘ g
|
1
L -
CMS Preliminary 2.2 (13 TeV)
1 7 —e— DATA
. loosened SR mm aco
10 . B Ewk
10° EW enriched o
'_% 10* Bkg uncert. (stat.)
» 10°
- 107
10
1
107"
> B Bkg stat.
@ 2 ..........................................................................................................................................................
®
D 1 1
% 500 1000 1500
AK4 Jet P, (GeV)
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Compact Muon Solenoid

— — Y 4ﬁ
‘r
CMS Preliminary 2.3 17" (13 TeV)
6 —— TT(0.8 TeV) — nominal x400 —— DATA
L TT(0.8 TeV) — bWbW x400 [ acp :
10° EIETEY TT(0.8 TeV) — tZtZ x400 B Ewk |
---- TT(0.8 TeV) — tHtH x400 [ ToP I
10* Bkg uncert. |
10° “EEn, ~
102
P TS s P T !
10 !
|
jet P, [GeV] )
CMS Preliminary 2.2 (13 TeV)
—— DATA
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._% 10* Bkg uncert. (stat.)
— 103
@ 10
2
210
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1
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©
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CMS PAS B2G-16-002 (03/16)
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| » benchmark interpretation :
* Wb:Zt:Ht = 50%:25%:25%

CMS Preliminary 2.3 b (13 TeV) 10 CMS Preliminary, 2.3 b (13 TeV)
3 : > .Q. :'E_l I I I I I I I | I I I I | I I I I | I I I I | I I I I_Et
10° g e/utjets, =1 W,2b ;¢ (0.8 TeV) B EWK Q. - —— 95% CL observed ] = 1o expected 7
10 ---TT(1.1TeV) [ TOP — I 95% CL expected + 20 expected
c —— DATA Bkguncert. | = | — _ 1
S 10 B = Signal Cross Section
P 1 E
s g : :
>
L 107
2
10 10! = =
5 I :
----------------------------------------------------------------- 102 0o T
400 _ 600 800 700 800 900 1000 1100 1200 1300
min[M(l,b)] (GeV) T mass [GeV]
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arXiv:1606.03903, submitted to PRD (06/16) Stops and Zt+X Q ;E ; a)

e ——— , e SR ER IMEN T

' | e/p + = 4 jets

(o QCD and T vetos

K optimized SRs targeting ¢t + E%iss with |

/ T« MET > 260/350/480 GeV |
. -tags, large-R jet, kinematic requirements |
| © b-tags, large-R jet, q |

—

updated with 2016 data in ATLAS-CONF-2016-050
Johannes Erdmann (but wlo VLQ interpretation) 32



Stops and Zt+X

arXiv:1606.03903, submitted to PRD (06/16)

‘SUSY-style analysis strategy’ L

3 SRs defined
| e each SR fitted with several CRs for main backgrounds

|  fit validated in VRs — overall yields consistent

> top
A 2 F | | | | | | =
9 --------------- " N -0 © [ AL - Data 77 Total SM N
& : b-tags = Yob s 5 ] Weets |
% SO SR E Nb-tags = 1 1022_ ) %gil;e Top | @ _E
200 : Nb-tags = 2 i % ¥ E
175 .
TCR | TVR BNz 0F- ; -
// B 77 =
100 30 90 120 7/ g I :
"""""""""""""" 1
WCR | WVR WVR-tail '+ WHjets : -
100 —) i
A
I I I I
S | | | | |
~ o2 g
0 S
I I I I I I I I

obs

TVR1 WVR1 TVR2 WVR2 TVR3 WVR3 SR1 SR2 SR3
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arXiv:1606.03903, submitted to PRD (06/16)

Upper limit on oxBR(T—Zt)? [pb]
o

TT production, T—Z2t

Stops and Zt+X

-ATLAS
Vs =13 TeV, 3.2 b
_Limit at 95% CL

—— Observed limit 7]
- = = Expected limit
[ =10
[ ]+x2o0

——— Theory cross-section

Johannes Erdmann

900 1000 11

0C

m, [GeV]

S10° T g ]
S [ ATLAS ~ Data - S
S [ {s=13Tev, 321" =Hn 1 JIMENT
Z10?E SRi B Singlo Top E
2k — transverse —w.ets ]
: b Sy :
o W mass W ]
= 7 Total SM 3
= S — ! 11,07 Tev 3
> | L 11,08) TeV 7
BN ——"""77) . E
.............. Z /_
_____________________ i
10—1 c BT v/7 R e
100 200 300 400 500 600 700 800
m. [GeV]
0.5 TT production, T-bW/HAZ, m_ =800 GeV
A~ . [T T 1T | T 1T | T 1T T 1T | T 1T | T 1T | T 1T T 17T T 1T T 1T T_]
L - ATLAS ]
p 0455 Vs=13Tev, 321" E
0.4F Limitat95% CL =
= TE == Observed limit (x10,) 7
% 0-355_ === Expected limit (x104,) J
0.3 E
0.25F E
0.2k E
0.155 =
0.1 =
0.055 E
OSI’.I 1 1 | 1 1 1 I‘I\ 1 1 1 | 1 I.T’al | I T | | | | | | | | 1111 | 1111 | 1 1 1 I:
0 0.050.10.150.20.250.30.350.40.450.5

BR(T — bW)

34






Single VLQ — Wb

CMS PAS B2G-16-006 (07/16)

—> ¢ > | forward jet

y ® = | e/y + tight veto on 2" lepton

I

|
| * > | high-pT central jet with b-tag ;
 * high MET & St = ph + Emiss 4 ppiet
-W-Iike mT(W) & Ad(lep., b) > 2.0

o E . -1
‘c 40— CMS preliminary, \s = 13 TeV —e— Data 2.3 fb V
2 E Y bW bl @ W+ets
W 35 B tt
- 3 single t
30— [_] other backgrounds
% Y (1000 GeV wW
25— ( ) > (3/‘]

bbbl /

1 | 1 1 11 | 1 1 1 | 1 1 1 | 1 1 1 E
1200 1400 1600 1800 2000
Invariant Mass of Wb System (GeV)

E | | | | | | | | | | |
600 800 1000
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Single VLQ — Wb

CMS PAS B2G-16-006 (07/16)

CMS PAS TOP-16-005 CMS PASTOP-16-003
Measurement of the top quark pair production cross Measurement of the inclusive cross section of single top
section using ey events in proton-proton collisions at quark production in the t channel at /5 = 13 TeV

v/s = 13 TeV with the CMS detector

G = 2278 £ 9. 1(stat. )L 14.0(exp. )" =7 (theo ) - 6.2 (lumi ) pb
0w — 793 8 (stat) =+ 38 (syst) = 21 (lumi Fpb

$

source \ W+Jets | tt Single Jlop | Signal
Luminosity ra 2.7% 2.7 % | 2.7 % 2.7 %
Jet energy scale shapy | 5% 6% 5% 3%
Jet energy resolution shape N2% 1% 1% 2%
B-tagging efficiency shape | 3 5% 5% 5%
Multiple interactions shape | 1% 1%
Lepton ID/ISO scale factor | rate 2% 2%
Trigger efficiency rate 2% 2%
Cross Section rate —

8 TeV differential »Top Pr reweighting shape —

linear correction—\ +jets Hr reweighting shape £/ 5.3% — — —
Q2 Scale shap 16% | 16% 25%
PDF shape | 5.5% 2.3% | 8.5% 6.7%

data/MC difference ®pForward jet reweighting rgte 15% 15% | 15% 15%

4

CMS PAS SMP-15-004 . -
Measurement of inclusive W and Z boson production cross ;: * Main background Xsec uncertainties

sections in pp collisions at /s = 13 TeV |
= | from |3 TeV measurements !

Measurement of the differential cross section for the

production of a W (— pv) boson in association with jets at e No need to correlate w/ other systematics i
V5= 13TeV | ’ |
CMS PAS SMP-15-006 as scale, fwd. jet & top pr reweighting dominate

Johannes Erdmann - |



CMS PAS B2G-16-006 (07/16)

CMS Preliminary, 2.3 fb™" (13 TeV)

Single VLQ — Wb

Cross Section x BR(WDb) [pb]

—
<

Observed Limit (95% C.L.)
Median Expected

- 68% Expected
|:| 95% Expected

Ybj prod. (c®™ = 0.5)
Tbj prod. (BR(Wb) = 0.5, ¢*" = 1.0)

bW — \/ (C W)2 + (C§W)2|:| 95% Expected
|

CbW

VLQ Mass [GeV/c?]

CMS Preliminary, 2.3 o (13 TeV)

| ATLAS, 8 TeV
« single-T*

. BR(bW) = 0.5 '

)"+ (
Observed Limit (95% C.L.)
Median Expected

- 68% Expected
|:| 95% Expected

L
800

Johannes Erdmann

M, (GeV/c?)

Compact Muon Solenoid

CMS Preliminary, 2.3 fb™" (13 TeV)

=
o
o

1 ATLAS, 8 TeV

single Y production

0.8

0.6

Observed Limit (95% C.L.)
------- Median Expected

- 68% Expected

T T

|
1600 1800

Y
O L | [1 | | | | | | | | | | | |
800 1000 1200 1400

I

‘; Interpretation
* mass limits for (large) benchmark couplings

* coupling limits for given BRs

| osing(X1) = [(Ciﬂ/f + (Cgvf} oyi(Mx) + iV e’ (L) oyr(Mx), |

My + my
Using(XE> VE(MX) )

Mx +my
| osing(XD) Vb(MX)-

(Matsedonskyi, Panico,Wulzer, JHEP 12 (2014) 097)




ATLAS-CONF-2016-072 (08/16)

> [ ~ T T T ] >
8 20 ATLAS Prellmlnary -&Data _ - 8
o - {s=13TeV, 3.2 1fb" BSingletop [ W+jets 13
o 18—_Q—>Wb Q=T or Yy LJOther SMbkg.”” Totalunc. —| O
; 16— SR . ;
c - Post-Fit 1 £
qc_) 14— SR ] qc)
& N

12 =

101~ -

81— =

61— =

aF 2

2 -

- m ]
3
g Q2
,// 7 /,l, // % gz i
0 75 Z S
Es' e ©
O 400 600 800 1 000 1 200 1400 1600 A

My q [GeV]

Johannes Erdmann

Single VLQ — Wb

+ veto jets close/opposite leading jet

| (suppresses top background)
| » simultaneous SR+CRs (top, W+ijets) fit

o also here :W+jets needs correction (CR fit)

600 T 17T | T 17T | T 17T | T | LI | T -I | T | ]
- ATLAS Prellmlnary #Data Mt -
[ Vs=13TeV, 32" BSingletop [ W+ets ]
500~ Q = Wb, Q=TorY [ ]Other SM bkg.”” Total unc. |
" W+jets CR i
~ Post-Fit - ]
s00- 0 b-tags E
3001 -
200 -
100~ -
of ]
1.25 E N >
1 /W%//-/A@%g/% 5555 /////
=075 7
0.5 E Y T Ty v P
0O 200 400 600 800 1000 1200 1400 1600

my, q [GeV]

Events / 100 GeV
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ATLAS Prellmlnary #-Data
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Q—-Wb Q=TorY [ ]Other SM bkg.”” Total unc.
reverse veto
on close-by jets

tt CR

)
o
0
ind
n
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//%W%Ww

T I_I |
Bt
[ W+iets

200 400 600 800 1000 1200 1400 1600

my, q [GeV]
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ATLAS-CONF-2016-072 (08/16) Slngle VLQ - Wb Q E ;;D

ijWidth effects for different coupling valﬁes

| * non-negligible at truth level

| ® found to be small after reconstruction

10 T T | T T | T T
ATLAS Simulation Preliminary
TE |s=13TeV — |/c 4+ oW - 0,71 E—C%W = C%W = 0.5
0

[ 111

1075 Y mass = 900 GeV — \[eWo 4 W0’ ~ 0.14 W =Y =0.1
107

107°
107
107°
107°
1077

1078

Fraction of events / 5 GeV
L | IIIIIlIl | IIIIIlIl | IIIIIII| | IITI' ]

| | | | | | |
1000 1500 2000
Y-quark invariant mass [GeV]
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ATLAS-CONF-2016-072 (08/16)

g 2
2 18
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IsmBLI
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0.2

oo

ATLAS Preliminary 95% CL Exclusion Limits on Coupling
Vs=13 TeV, 3.2 fb" —— Observed

T Singlet

Expected

[ ] Expected + 10
[ ] Expected +2 ¢

7

~no RH coupling in singlet scenari
| | | | | | Ll Ll | Ll Ll | | | Ll | | | | | | | Ll
08 0.9 1 1.1 12 13 14 15
m, [TeV]

0.4
0.2

0
0

Single VLQ — Wb

ATLAS Preliminary 95% CL Exclusion Limits on Coupling
Vs=13 TeV, 3.2fb" —— Observed

(B,Y) Doublet

Expected

[ ] Expected + 10
[ ] Expected =2 ¢

Y limit stronger: BR(Y) = 2-BR(T)-
708 09 1 i1 2 e 14 15 16
m, [TeV]

Also: limits on mixing angles O r — need to take into account also BR(Ovr)

ATLAS Preliminary 95% CL Exclusion Limits on Mixing Angle
(s=13 TeV, 3.2fb"

T Singlet

= Observed

Expected

[ ] Expected =+ 10

[ ] Expected +2 o
Indirect EW constraint (S,T)

Johannes Erdmann

IsmeRI
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ATLAS Preliminary 95% CL Exclusion Limits on Mixing Angle
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BOOST

CMS PAS B2G-15-008 23'(13Tev)
> T T T I T T T T I T T T T I T T T T
) = _
O — KRR }‘L‘uon CMS -
e o o chinnel .
- B S Preliminary
2 e
o 4000(— R ® Data —
= oo T,,(1700)—tH (20pb
() L 2% — - pb) |
3 88 — T,,(1200)—tH (20pb)
- 5 — Ty(700)—>tH (20pb)
« B3 Tot. uncert. MC
B 0 TTbar T
- Wdlets |
2000 [ SingleT
I DYJets
(i) 05 REE ;
N (@) t: OIIIRIIIISSEIIIIIIK
sI= O S RIS
4] 5
a _05 s | ................................................................... o | , ...................... I...
50 100 150 200 250
H candidate mass (GeV)
CMS Simulation Preliminary (13 TeV)
= I
Q -~ — double-b-tag
\% 0.9} Subjet CSVv2 °
> oo Fatjet CSVv2 o
S 0.8
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5 0.7 70 <m <200 GeV , 800 <p_< 2000 GeV
o [
£ -
S 0.6
8 C
2 C
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0.4f-
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0.2~ 0 LT d I t‘
S evelopment:
0.1 " 7
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CMS PAS BTV-15-002 Tagging efficiency (H—bb)

Johannes Erdmann

Data/ MC

® jet mass

Tagging Higgs Bosons

* b-tagging is key:
here — subjet b-tagging

her

Compact Muon Solenoid

subjets

CMS PAS BTV-15-002

018 L L R L B L L L L L T
0.16F- ATLAS Preliminary E
"°E (s=8TeV, 203 fb" —*~Data -
014=  anti-k, R=1.0 jet -~ Pythia8 MC
0.12  Trimmed (R _ =03, f =0.05) —
01E performance in -
0.08F=-4 - e -
=4 soft-muon-tagged data -
0.06— e —
0.04F RN _ -
0.02[ ++—i=:
O 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 I_
jll g | Total Uncertainty' Fit Uncertainty . b-tagg'ing Uncertai'nty\ N ' ]
13 A=
0.71 | | | Bllaaas
200 300 400 500 600 700 800 900
ATLAS-CONF-2016-002 P [GeV]
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CMS PAS B2G-15-008 (04/16)

Single VLQ — tH (leptonic top)

a.u.

CMS

Simulation
 Preliminary

muon
channel

— SignalRegion
@ Stat. uncert. MC

SidebandRegion —]

MC validates

similar shape

2.3fb (13 TeV)
% 800_l T T T | T T | T T T
O] L CMS @ Data
S B . — T,,(1700)—tH (20pb)
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CMS PAS B2G-15-008 (04/16) Single VLQ — tH (leptonic top)

%‘ Benchmark interpretations

BR Wb
Tbq | 50%

Lt
25%

Ht
25%

Ttq | 0%

50%

50%

‘T
I

€ depends on LH/RH and Tbq/Ttq

23fb" (13 TeV)
A S

CMS

Preliminary

— Obs 95% CL
------- Exp 95% CL
[] = 1 std. deviation
[ ]+ 2 std. deviation
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1 | 1 1 | 1
1000 1500
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CMS PAS B2G-16-005 (06/16) Single VLQ — tH (hadronic top)

ivriAi ) o B [ ] 7 7 [ ]
o fully hadronic analysis
‘Iv

|

| ® sum(jet activity) = 800 GeV @ trigger
= | Higgs-tag & > | top-tag with AR > 2.0

large-R jet — construct T candidate

Higgs-tag

top-ta
P48 Higgs-tag here:

* pt > 300 GeV
* 105 < mprun < 135 GeV
* 2 subjet b-tags

°* T2 <0.6
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L top-tég ‘he:
| * pt > 400 GeV

- © T32 < 0.54
* 3- vs.2-prong
K I sub]et b- -tags

CMS PAS]ME-IS 002197fb 8Tey

>

8 0. 9 - CMé softdrop, t,/7, .
) - Preliminary

= - jet 200GeV —
S 08 4 b jot p_>200Ge
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15F
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Tagging Top Quarks

. CMS PAS_IME-IS 002
"CMS | |

- Simulation Preliminary

- 150 < mg, <240 GeV
1-CA15,flatp,m  —Top, 200<p <300 GeV, 35%
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CMS PAS JME-15-002

Top-tagging thoroughly validated with 8 TeV data

Large-R jet P, [GeV]
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CMS PAS B2G-16-005 (06/16) Single VLQ — tH (hadronic top)

QCD
percentage

QCD multijet backgro»nd .

|ABCD method : ;  _ n . Vo |
Ni |

no top-tag  top-tag

no H-tag

H-tag

N

237" (13 TeV
I I I |

N
o

III|III|III|III|III|III|III|III|III|IIII_

I I | I I I | I I I I I I I_ I I | I I I |
¢ Data - tt+jets

—
= Multijets B WHjets Preliminary ' ® QCD syst. from bkg. subtraction
— — Total background XX Total bkg. error . . .
B [ Tha (LH) 1200 GeV - Thq (LH) 1800 GeV | ® (anti-)correlated in stat. analysis
:;’ SR = region D

10 - * significant systematics

* Higgs-tag N-subjettiness 12.5%

* jet mass 10%

I|III|III|III|III|III|III|III|III|III|_

* top-tagging 15-30%

2000 2200 2400
M(T) [GeV]

§00" "800 1000 1200 1400 1600 1800
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CMS PAS B2G-16-005 (06/16) Single VLQ — tH (hadronic top)

231 (13 TeV)

%__I 81: T T 1 T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1 | T T 1
CO Tbq, BR(tH) = BR(bW)/2 CMS -
c — —
o — Observed limit Preliminary 7
E 6 . —
3 N - - Expected limit .
; 5L "+ 1 std. deviation =
1o} L _
@ 4 + 2 std. deviation B

3 1
2 |
| I | | 1 1 1 1 | | I | 1 1 1 1 | | I | | I | |T| I | | 1 1 1 1 —_r
00 1100 1200 1300 1400 1500 1600 1700 1800
M(T) [GeV
~1.4 ~1.4 ~1.9 MNIGeV]
(expected
limit)

* Interpretation:

* singlet-BR: C%W
|+ doublet-BR: %Y

Johannes Erdmann

=
o
o

CMS/

\ /a

leptonic analysis

- CMS

Preliminary

— Obs 95% CL
-~ Exp 95% CL
[+ 1 std. deviation
[ ]+ 2 std. deviation

2.3 b (13 TeV)
bt S

(much better limits)

L
1500
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CMS PAS B2G-16-001 (07/16) Single VLQ — Zt/ Zb

%} o/ from e‘e or UM with small AR
i
| ® top: top-tag || W-tag+b || b+2j

| * high leading lepton pr
VLT =Z +t

| VLB = Z + leading b

CMS Preliminary 2.32fb" (13 TeV) CMS Preliminary 2.32 b (13 TeV)
% —— % ——
*E1 0L —i— Background estimation = 102 —M— Background estimation
q>) - VLT —— Observed S - VLB —— Observed
W r [ ] Tb— tZb (M=1TeV, LH) Wt [ ] Bt— bzt (M=1TeV, LH)

- W+b category H category

Tin 2lep + 1W-jet + 1b-jet B in 2u + 1b-jet

10

- £ . C ¥
1 1 U=y e o 1 1
- : —
107 | 107 - B
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3 £0.5F
30.5 1 o E l |
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0600 800 1000 1200 1400 1600 1800 2000 600 800 1000 1200 1400 1600m18?%e’§’/0]00
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Johann m, . [GEV]
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CMS PAS B2G-16-001 (07/16)

Single VLQ — Zt/ Zb

Background with ‘0-method

* scale factors all close to | — good !

| ® scale all backgrounds to data in CR (0 b-tags) |

Compact Muon Solenoid

CMS preliminary 2.32 b (13 TeV) CMS Preliminary 232 o (13 TeV)
[7)] (7]
21 05 _E —— Observed =1 05 —— Observed
G>) E Z/y+jets q>.) Z/y+jets
L 04 = B tt and single-top I 1 04 v L B C R B i and single-top
= Bl VY (V=ZorW) BV (V=ZorW)
1OSEVLT CR ttV and tZq (V = Z or W) #V and tZq (V = Z or W)
- | , , 1o H category . .
oF T in 2lep + 1W-jet + 1b-jet Bin 2u + 1b-jet
10 EW+b category
10 ,,,,,,,, ._’_‘_" ’ VVVVVVVVVV
1
107"
O 25 O 2
=150 I =150
S 1;# i 8 = T I
tat taint B 0.5F t l} B 0.5F i ;
stat. uncertainty o 600 800 1000 1200 1400 1600 1800 200C 0600 800 1000 1200 1400 1600 1800 200C
My 0o [GEV] my, [GeV]
Channel \ 20+1top-jet | 20+1W-jet+1b-jet | 2u+1b-jet+2jets | 2e+1b-jet+2jets 2u+1b-jet 2e+1b-jet

Background systematics on shape (rang

29-32%

10-23%

e between bins
13-32%

13-42%

17-40%

8% 3-32% 3-60% 3-60% 3-60% 3-60%
O-tag 70 -6 4-5% 4-6"% 9-12"% 6-16%%
Z+jets compositio - 9-44% 3-22% 4-21% 2-13% 4-11% |
: | :
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CMS PAS B2G-16-001 (07/16)

Single VLQ — Zt/ Zb

0.5
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CMS Preliminary
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* limits improve when more boosted
* with higher m(T)
. * with higher m(Z’)

Johannes Erdmann

~® assume BR(T—tZ) = 100%

CMS Preliminary

2.32 b (13 TeV)

-= Expected - Observed
Z' — Tt, M(T)=700GeV
— Z' = Tt, M(T)=900GeV
—— Z'— Tt, M(T)=1200GeV
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00
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Challenges for Interpretation

- * Experimental assumptions

ix * VLQ width effects on exp. observables ?
L. LH/RH differences in exp. observables ?
* basis for ‘BR reweighting’
* pair and single production !
* additional production mechanisms ?
(for ex.via heavy G = VLQ + g
or heavy G = 2VLQ)

* Interpretation

* BRs : small coupling approximation ?
* additional production mechanisms ?
e Coupling to 152" generation ?

* More than one VLQ multiplet ?

e Extended scalar sector ?

— allow recasting via HEPData info !

— publish O limits for full BR triangle ?

Johannes Erdmann

Branching Ratio
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Conclusions

d(proéram forVLQ | ] VLQ @ |. X TeV ?

e Focus shifted towards single production

. * Broad sear

* But pair production not forgotten ! 30

—o— ATLAS 28.000 fb ™’
—A— CMS 29.751 fb!
[|—— LHCb 1.383 fb!

—0— ALICE 10.050 pb ™'
| | PRELIMINARY

e Limits approaching | TeV |

N
(9

* Experimental methods

N
o

* Variety of background methods reassuring |

[
(9]

* Time for boosted strategies has come

[
o

* Interpretation

(&)

* More tricky with growing interest in

Delivered integrated luminosity (fb ')

single production
_ _ T — _ 0

Month in 2016

( 2016-09-06 11:37 including fill 5279; scripts by C. Barschel )
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Impact of couplings on kinematics

Aguilar-Saavedra, JHEP 11 (2009) 030

0.06 | 6—— 11— | | — |
E — Ts . Bs E Classes@b)| e, ]
0.05F i B
3 S O O
20041 oA : : _
IS I L E E —
E ol = e :
S 0.03} 2 3F s |
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= [ D [ e
002 oY R
A | -
001} = Frrirte | A
0:: 0 | 1 | 1 1 | 1 | 1

-1 08 06 04 -02 0 02 04 06 038 1
cosGl

Figure 9: Left: Charged lepton distribution in the top quark rest frame for 1" — Zt
and B — W™t decays. Right: distribution for the 7" singlet and (7' B) doublet after

simulation.
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JHEP 10 (2015) 150

Same-sign leptons + b-quarks

Definition Name
etet +etu® + uTpt + eee + eep + epp + pppn, N; > 2

Ny = SRVLQO
400 < Hr < 700GeV | Ny =2 E%iss > 40 GeV SRVLQ1 SR4t0
Ny >3 SRVLQ2 SR4t1

N, = 1 40 < EX™® < 100GeV | SRVLQ3

miss 00 (o RVT (),
Hr > 700 GeV 40 < B < 100GeV | SRVLQ5 SR4t2
ER'™ >100 GeV SRVLQ6 SR4t3
EX'ss > 40 GeV SR4t4

eter, et ut, utput, Nj€(2,4], Apg > 2.0
Ht > 450 GeV Ny >1 ETF'% > 40 GeV SRttee, SH&ten, SRttuu

I I I
—e— Data

ATLAS Ctiwz
2 Q Mis-id
_ -1 B Fake/non-prompyleptons
B Dib
cut&count /= cier

,,,,,,,,, < Uncertainties

///////// [ ee——
T M Y — — — = e

]

/////////

Significance

SRVLQO SRVLQ1 SRVLQ2 SRVLQ3 SRVLQ4 SRVLQ5 SRVLQ6 SRVLQY
SR4t0  SR4t1 SR4t2  SR4t3  SR4t4
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ATLAS-CONF-2016-032

SRO SR1 SR2 SR3 SR4

Fake/Non-prompt 16.3+ 9.5 4.2 £33 1.0 £ 0.9 18 £ 1.4 7.1+4.5
Charge mis-ID 181+ 4.1 149435 1.2 +£ 0.3 1.5 &£ 0.4 2.1+0.5
ttW /) Z/W+W-— 10,1+ 1.4 9.2 £1.3 1.0 +£ 0.3 2.2 £ 0.3 3.1+0.5
Dibosons 5.8 £ 1.0 0.5 £0.2 0.03£0.07 1.6 £ 0.4 1.84£04
Other bkg. 20 £ 1.0 1.7 £0.9 03 £ 0.2 0.3 £ 0.2 0.5£0.3
Total bkg. 52 £ 11 31 £ 5 36 £10 74 £ 15 15+£ 5
tttt (SM) 0.5 £0.1 08 £0.1 09 £ 0.1 0.2 £ 0.1 0.5£0.1
tttt (CI) 0.264+0.04 0.6 £0.1 0.6 £ 0.1 0.24+£0.05 0.9£0.1
UED 1.2 TeV <0.01 <0.01 <0.01 0.3 £ 0.1 3.84£0.8
TT 0.75 TeV 0.2 &£ 0.1 0.31£0.1 0.04£0.04 0.9 £ 0.2 3.7£0.4
Data 51 37 3 4 11
mis-ID fraction 35% 48% 33% 20% 14%

SR5 SR6 SR7
Fake/Non-prompt 1.44+0.9 2.6+1.8 0.0 £0.6
Charge mis-1D 1.4+0.4 1.6£0.5 0.6 £0.2
ttW /) Z/W+W- 2.3+£0.6 3.0+£0.7 0.8 0.4
Dibosons 0.3+20.1 0.240.1 0.0 £0.1
Other bkg. 0.440.2 0.7£0.4 0.5 £0.3
Total bkg. 5.84£1.2 8.14+2.0 1.9 £0.8
tttt (SM) 0.7£0.1 1.840.2 3.6 0.4
tttt (CI) 0.6+£0.1 2.240.2 5.2 404
UED 1.2 TeV 0.6£0.1 6.64+0.7 10.140.8
TT 0.75 TeV 1.3+0.2 5.0£0.5 3.2 £04
Data 6 3 2

24% 20% 32%

Johannes Erdmann

CMS 13.6% total mis-ID fraction
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CMS PAS BTV-15-002

T-axis1
T-axis2 1
N = d—Zkamm{ARl ks ARzk, . -/ARN,k}
fatjet subjets double-b
CMS Simulation Preliminary (13 TeV) CMS Simulation Preliminary (13 TeV)
) IF — double-b-tag %) 1;;; — double-b-tag
\% 0.9 Subjet CSVv2 i 2 "~ ----Subjet CSVv2
> I Fatjet CSVv2 5 S Fatjet CSVv2
§ 0 8}"’ AKS g - AKS8
b= 0.7 - 70 <m <200 GeV, 800 <p_<2000 GeV . > 70 <m <200 GeV , 800 <p, <2000 GeV .~
> O7F B 101
£ - =
> 0.6/~ e
S B 0
2 -
S 0.5 bbb L e
- 107
0.3
0.2~ &
0.1 :
E,.. """"" i i i i i i i i 10—3S:I.:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
5 L1l L1l L1111 L1l L1l L1111 L1l L1l L1111 0 01 02 03 04 05 06 07 08 09 1
0O 01 02 03 04 05 06 07 08 09 1

' ~ Tagging efficiency (H—bb
Tagging efficiency (H—bb) 99ing v )

Johannes Erdmann 63



Grooming Techniques

Trimming ATL-PHYS-PUB-2015-033

ATLAS Simulation Preliminary
Vs=13TeV * = Optimal grooming + tagging combination

™" < 2.0, 200 < p, ™" < 350 GeV, M™** Cut W-jets

C/AR=1.0jets
Pruned
Row = 0.5, 2, = 15%

5
©
@ P/Pr < feu ot 2
w=10,y =15% ®
Pruning C/IAR=12jets S
Split-Filtered 1)
e .~ w=10,y =4% _%
l,’; OCo e \‘ anti-k, R = 1.0 jets I
kt or C/A I'l. OQO O . “= ;I;Eln;n5132 A =02 m
\ 0o © % ,,"
\ssf) ° @) ',’I
Initialjet ) p2/pI*7% > 2oy or ARj,j, < Rew ~ Prunediet CMS PAS JME-14-002
illustrations from JHEP 09 (2013) 076 Rank Z Pairs of variables
1. 385+1.6 MPrune Tz/Tl
2. 379416 MFﬂt Tz/Tl
Soft Drop Condition: T or > Zeut Ro 4. 377416 Mg QGL Combo
e 2 5. 3724+1.6 Mprne QGL Combo
Larkoski, Marzani, Soyez, Thaler, JHEP 05 (2014) 146 6. 367+15 Mgp p=-1 n/u
7. 363+15 MSD ,B =0 Tz/Tl
8. 358+15 Mg B= /T
9. 353+14 Mgp =1 /T
10. 350+14 Msp = -1 QGL Combo
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1606.03903

Johannes Erdmann

Variable SR1 SR2
>4 jets with pp > [GeV] (80 50 40 40) 24 jets with pr > [GeV] (120 80 50 25)
Erllzliss [GeV] > 260 E,III."SS [GeV] > 350
| Hmiss > 20
H!rmssé > 14 T.sig
amty [GeV] > 175 Z’;Ili 0 © >< 5 g
topness > 6.5 AR( b,l | by) _'
My [GeV] <270 Number of b-tags > 1
AR(b, {) <3.0 Leading large-R jet pr [GeV] > 200
AR(by, D7) - Leading large-R jet mass [GeV] > 140
Number of b-tags > 1 Ag(pmss, 2" arge-R jet) > 1.0
SR3
>4 jets with pt > [GeV] (120 80 50 25)
ETSS [GeV] > 480
Hss > 14
mt [GeV] > 190
amty [GeV] > 175
topness > 9.5
AR(b, ) <28
AR(b1,by) —
Number of b-tags > 1
Leading large-R jet pr [GeV] > 280
Leading large-R jet mass [GeV] > 70
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Common event selection
Trigger EPs trigger
Lepton exactly one signal lepton (e, u), no additional baseline leptons
Jets at least two signal jets, and [A¢(jet;, pr**5)| > 0.4 for i € {1, 2}
Hadronic 7 veto* veto events with a llz(l)dronic 7 decay and m7,, < 80 GeV
Variable SR1 L 't X1kN high
Number of (jets, b-tags) (=4.>21) (=4,.>21)
Jet pr > [GeV] (8050 4040) (120 80 50 25)
E'TniSS [GeV] > 260 > 450
E7'? [GeV] - > 180
Ht'Go > 14 > 22
mr [GeV] > 170 > 210
amt2 [GeV] > 175 > 175
topness > 6.5 —
mfgp |GeV ] < 270 -
AR(b, () < 3.0 < 2.4
Leading large-R jet pr [GeV] -
Leading large-R jet mass [GeV] - @
Ap(P5, 2" arge-R jet) — > 0.6

Johannes Erdmann
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il — b+ X5 i1 — b+ X7
Variable bC2x_diag bC2x_med bCbv
Number of (jets, b-tags) (> 4,>2) (=24, =22) (>2,=0)
Jet pt > [GeV] (70 60 55 25) (170 110 25 25) (120 80)
b-tagged jet pr > [GeV] (25 25) Q
ET™ [GeV] > 230 > 210 >
H%‘;Sl; > 14 > 7 > 16
mt [GeV] > 170 > 140 > 200
amty [GeV] > 170 > 210 —
|A¢(iet,.,ﬁ%“ss)|(i =1) > 1.2 > 1.0 > 2.0
|A¢(iet,.,ﬁ'1’3iss)|(i =2) > (.8 > (.8 ) 8
Leading large-R jet mass [GeV] — — m
AP (P, £) - - ‘ 2
Variable DM_low DM_high
Number of (jets, b-tags) (24,2 1) (=z4.>21)
Jet pt > [GeV] (60 60 40 25) (50 50 50 25) q £(D)
E!}“SS [GeV ] > 300 > 330
H.}“ﬁ; > 14 > 9.5 s o X
mt [GeV] > 120 > 220 ->=
amty [GeV] > 140 > 170 X
min(A¢(p"T‘“SS, jet:))(i € {1 —4}) > 1.4 > (0.8 . .
Ad(pF*s, 0) > (.8 — ) |
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Signal region SR 1 tN_high bC2x_diag | bC2x_med bCbv DM _low DM_high
Observed 37 5 37 14 7 35 21
Total background 24 + 3 3.8 +0.8 22 + 3 13 £+ 2 7.4+ 1.8 17 £ 2 15 £ 2
tt 8.44+19 |0.60£0.27| 6.5+ 1.5 4.34+1.0 [0.26£0.18| 4.24+1.3 3.3 £0.8
W +jets 25+1.1 |0.15£0.38| 1.24+0.5 [0.63+0.29| 54+£1.8 3.1 1.5 3.44+1.4
Single top 3.14+1.5 |0.57+£0.44| 5.3+ 1.8 5.1+1.6 |0.24 £0.23| 1.9+£0.9 1.3 4+0.8
tt+V 79 +1.6 1.6 £0.4 8.3+ 1.7 2.7+0.7 [0.12+0.03| 6.4+1.4 5.5 1.1
Diboson 1.24+0.4 [0.614+£0.26(0.45+0.17{0.42+0.20| 1.14+0.4 1.5+ 0.6 1.4+ 0.5
Z+jets 0.59 £0.54|0.03 = 0.03{0.32 4+ 0.29|0.08 £0.080.22 +0.20| 0.16 =2 0.14 | 0.47 £ 0.44
tt NF 1.03 £ 0.07|1.06 £0.15{0.89 & 0.10|0.95 £ 0.12|0.73 £0.22| 0.90 £0.17 | 1.01 £0.13
W +jets NF 0.76 £0.08|0.78 & 0.08 | 0.87 = 0.07|0.85 £ 0.06 | 0.97 = 0.12 | 0.94 4 0.13 | 0.91 4 0.07
Single top NF 1.07+0.30|1.30 = 0.45|1.26 £0.31 | 0.97 4+ 0.28 — 1.36 & 0.36 | 1.02 4= 0.32
tt + W/Z NF 1.43+0.21|1.39 +0.22|1.40 £0.21|1.30 & 0.23 — 1.47 +0.22 | 1.42 + 0.21
po (o) 0.012 (2.2) | 0.26 (0.6) | 0.004 (2.6) | 0.40 (0.3) | 0.50 (0) |0.0004 (3.3)| 0.09 (1.3)
Nhmit o exp. (95% CL)| 12.97%2% | 5.577¢ 124752 | 9.0752 7.3732 11.5759 9.9739
Nlmit = obs. (95% CL) 26.0 7.2 27.5 9.9 7.2 28.3 15.6
Johannes Erdmann 75



ATLAS-CONF-2016-050

tt, production, 'ﬂetﬁ(?

— /00—
% ;lASTi"?gTZr\?”:"énzalfg_1 —l Obselrved Iimilt (i10th)| -
O, 6005 imit 4t 95% CL. - --- Expected limit (x105,) =
IS u ATLAS stopiL _
& 500 8 TeV + 13 TeV (3.2 fb'Y) =
400 E
300- : =
200" ' =
100" T
O:IH||I||||I||||I||||I|||||||||'Ts||;‘:|1|||||:

200 300 400 500 00 700 800 900 1000

m- [GeV]

Johannes Erdmann



ATLAS-CONF-2016-050

= ;'A"I"I.A'S"I'D'rélirhi'ria{ry;' " «Data  —TotalSM 1 = 30_—'A"I'L'A'S"I5'rélirhin'ér'yi1' . eData -~ TotalSM |
GO 14 ls=13TeV, 1321° g mzijers O fis=18Tev,182M0" gy mziers -
I~ ~+ 0 m - ~x+ 0 —
R = VPR - e B Bt W e
P o e, )=(000400.259) - M piposon [tV - P - M SE00S90250) M Diboson [V i
= L — _ c 20__ -
o 10t bC2x_diag SR : o | bC2x_diag SR .
° 8 ? E © 150 =
6 = .
- 7] 10 ]
4+ E #
2k ° :
- . L ]
Q|50 200 250 300 350 400 450 500 550 0
ET"° [GeV]
= CATLAS Preliminary ' o Data - Total SM - = CATLAS Prélminary ' o Data - Total SM —
© 35[ Y. -s-Data ~~Total SM o 25 Y. -s-Data ~=Total SM ]
5 (s = 13 TeV, 13.2 fo m Szijets o) “ Vs =13 TeV, 13.2 fb m Sziets
o ECLELET scalar m(¢,x) = (100,1) : e o [ e scalar m(¢,x) = (100,1) , i
® 30 ) 100 [IW+jets [JWt - ® ool ) 100 [IW+jets [JWt ]
P 255 bsed om(¢’X)__(> 1) [[]Diboson [tt+V . P - pseudo m(¢x) = (100.1) [[]Diboson [tt+V §
© S DM_low SR . & 150 —» DM_low SR b
s 200 | i = > E . )
151 [ E 1o | oo -
S R : it :
b T e el --fy'l R E
5 e [ = AT T
'P5O 200 250 300 350 400 450 500 550 600 Q100 150 200 250 300 350 400 450 500

ET° [GeV]

m; [GeV]

"7



