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success of LHC
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discovery of Higgs boson
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--------- 4th order polynomial
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7 T I_ C A 1\
= ATLAS Preliminary (Simulation)
® %)tb E-l_ (latEﬁlJEll‘J — ( 1 1
Vs =14 TeV: |Ldi=300 b ; JLdt=3000 fb
[Ldt=300 fb™' extrapolated from 7+8 TeV
. %% #;cj:écm—»QCD o T e e
REHEHARE, ! _
/T
=100 S 7 <t
* RMAREIFHLIRTHE -
/T,
300 fb~! : 7
Observable ATLAS CMS-1 CMS-2 Ly/1,
a(gg) - BR(y7y) 12 6 19 6 ® 12.3 3@ 6.2 -
o(WW) - BR(yv) 47T ® 15 We 24 146 12 r./T,
o(gg) - BRIWW) 8 @ 18 Gl a6 _
c(WW)- BRWW) 20 8 S5 @24 2 2% a 12 C /T
o(gg) - BR(ZZ) 6@ 11 T 193 5@ 6.2 w2 |
o(WW) - BR(ZZ) SE@iss s a2 (o2 T
o(gg) - BR(TT) — 13 @ 12.3 6 ® 6.2 vtz . . . .
o(WW) - BR(r7) loeils 15024 - 9a? e e s R
o(Wh) - BR(bb) = P38 4@ Ly /Ty, i ) | | |
O'(tzh)B() it 60@117 50 @ 5.9 i AR BN TR A
o(tth) - BR(vy7y) 54 & 10 40 11.7 38 5.9 0O 02 04 06 08
o(Zh) - BR(invis) — 16 @ 4.3 11 @ 2.2
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E&Dkﬂtﬁvkﬁﬁ
(Higgs Doff shell width)
amplitude @ BXK7& cancellation
“higgs DIETZIF10FWVW0 o o 5 gg-> 77 MiEED *
Fo < & AED B 5 Higgs DIEICHIRATD LN 2Tl LT\
e
CMS 19.7 6" (8 TeV) + 5.1 fb™' (7 TeV) // Z &
i g
LQ [ e Data 1
= 1ok o o — q q
(7)) Lo All contributions (', = 10xI'", u=1)
% 7 gg+WV —ZZ (r, =TS, u =1) : e
o e EHa-zz — B o
- zx MELA D, > 0.65 !
of i
4: ...... T T T T T T
2 _______ I ]
I T | t — ZZ full —— |
0 700 800 = = W s :
my, (GeV) % tt_ — / 7/ Yukawa ------
- CMS exclusion -
CMS 1405.3455 b
e model independent & ZH D B
0.0:=F 2
e complete theory HVHE =
/3 [TeV]
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(Higgs Doff shell width)

19.7 ™ (8 TeV) + 5.1 fb™ (7 TeV)
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1478290 X EH

CMS
.E —III|IIII|IIII|IIII
0 B °
= 10 Data o
72 B All contributions (', = 10xI'7}".
S [ [gg+wV —-2zz(r, =" u-
1 s Maqi—zz

1 z+x
6_ ’
4_|

&

600

700 800
m,, (GeV)

o [pb]

G b

e model independent & X6 D

0.01

e complete theory HVHE

T

amplitude @ BXK7& cancellation
LTW3

Z €l

T

tt — ZZ full —— 1

tt — ZZ Gauge
=/ Z-"Yukawa
CMS exclusion




L G A e S s R A e A SERE

i= R TCoperator N\ D il fR

| 2

,dim6 _  YelH

CoG° > 2 3
e So et e e

487212 2 e
Higgs production  o~letel?. ct & g pYEBIT 3 LHIRA DALY
77 DB I RILF—EEF

4 Z
= % AEE; 000000000 VAVAVAY;
g ﬁ Sk g
oy C
C g
Kbt 4 Z 70000000 z
g g g
~Y Y]

QLﬁtR + h.c. +

1.0

0.5

0.0/

_05!

~1.0!

~15:

Cy

1478290 X EH



BRI H.'Iiil‘.iiiilllllil"‘:"' i

s Y

G O Bk 0 L A A S G ESALE g

o VILC W TE e 286D

Higgs Couplings (1/2)
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16% _
Model-dependent fit
- ILC 2
14%} ATLAS-1 [ 1LC 2504500 —
B AtLAas-2 [ ILC 250up+500up ATLAS/CMS:
o Lumi 3000 fb-1, sqrt(s) = 14 TeV
12%F CMS-1 ILC 250up+500up+1000up —
ILC 250:
o Bl cus-2 Lumi 417 fb-1, sqrt(s) = 250 GeV
10% —
ILC 500:
Lumi 833 fb-1, sqrt(s) = 500 GeV
8% —
ILC 250up:
Lumi 1920 fb-1, sqrt(s) = 250 GeV
6% —
ILC 500up:
Lumi 2670 fb-1, sqrt(s) = 500 GeV
(o] —
(o]
4 / ILC 1000up:
Lumi 4170 fb-1, sqrt(s) = 1 TeV
2% —
0%

T

t @ coup
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Higgs sector | BE10 =AY

® SUSY 2 Higgs doublet =8

Heavy Higgs Mass Reach
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LHC: Heavy Higgs direct search
ILC: Indirect search via effect on Higgs couplings BR(h->WW)/BR(h—->bb)
and BR(h->WW)/BR(h—->1T)

60
E 50

8 40
30

20

tree level DETE

Preliminary

Z DI 1loop FHIED
tanbeta =50 MA=500GeV 5%

10

50 discovery potential

95% CL exclusion potential :'
LHC: ATL-PHYS-PUB-2013-016 !

--ILC \ = %
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B 4 LHCs000R" e
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3 e -
N T e l |
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ILC: M, (GeV)

Lumi 1920 fb-1, sqrt(s) = 250 GeV
Lumi 2670 fb-1, sqrt(s) = 500 GeV
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top mass DAITE H higgs sector ZRH S L TERE
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Example: 10TeV RS
with higgs radion mixing

(BR(vy)/BR(ZZ))rs/(BR(yy)/BR(ZZ))sm

® 5dim RS && bulk Fermions
&&Raidon-Higgs mixing.

though loop, large KK yukawa

e Radion: direct coupling to
gauge bosons.

0. 09 : ‘ : : ‘ o T

1.15

1.1

e KK contribution to Higgs decay =

0.95

IIII|IIII|IIII|

0.08 -

0.07

r I S==
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FIG. 8: Contours of constant Ax? = 1 and Ax? = 4 in F, and ¢ plane at (a) Point I, (b) II
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Minimal Composite Higgs Model
(MCHM)

SOGB)x U(T)x— SO4)x U(1)x

elementary
2= ZOen/f sector eaten

G/H f

Higgs

>, = (0, 0, 0, sin @,COS @)

NGB
SMgaug
bt COMposite @

SMfer( ion

Direct Search

4 NG-> SU(2) doublet

1.p

-(_% 3 1 higgs + 3 NG
| |
._E" . 0.05? s _
; vif ~0.09 < 5WVWEXT
v \\ ) —F 5D
: - - Jd ghvv

5 10 15 20

0
HL-LHC (approx.) m,in Tev
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top partner of MCHM
MCHMS5 arXiv:1110.5646

(B X\ feld | 72 | T2 | X | Y=T2+X | Qem =12 +Y
i(B + X) /X | 1/2 | 1/2 | 2/3 7/6 5/3 N\
v— 1 T 7 u | -1/2| 1/2 | 2/3 7/6 (2 2) 2/3
=5 + T | 1/2 | —-1/2 | 2/3 1/6 ) 2/3
(T —U) \B_| —1/2| —1/212/3 1/6 ~1/3 __J
\ V2T (T 0 0 |2/3 2/3 (\1, 1) 2/3 )

~ MU Vg~ ALGrQr — ARTLtR
vector mass

LYukawa—FMass — _Yf(\IjLZT)(E\IJR)
(proto) yukawa

mixing

7

Q= (T,B)" <l L.
T =1y

composite elementary(SM)

bR &mixing & W5 I 10=4+6 RKILEHWNE
F/c5dIR T, S, Zbb
interesting effect on Hgg, Hyy, Hitt
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ttZ coupling in MCHM

Kubota in progress

6gtL/gtL =-0.05~-0.1

m - (TeV)
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IYI1TIIYTT]TITITTYT1YT]I'TT‘I

Sin ¢L

0.98

| 1.5 2 25 2]

0.96[

my  (TeV) b

LC precision i osef
_eft coupling 0.6% N
Right coupling 1.4% s "

-~ |-
-
AAAAAAAAAAAA llAAJlAAAAlAJ

scan over Y M, A g* f e SO T e R e e
4 / s ylee
ﬁX tOp mass, me - tOp partner Mass

0.9}
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On going
“Dark matter (SUSY) searches”

colored partner ;
squark, gluino, e “SUSY signature”

g1, q1, extra quarks
® “Models with new colored particles

decaying into a stable neutral particle--
S

® Some of “New physics” are migrated into
SUSY category.

e Signal:
High Pr jets hiph Pr leptons and Etmiss

----- Lepton partners
Dark matter assume mass difference is large

LSP, LKK, LOT

if there are R parity violation, we have
additional jets and leptons instead of Etmiss

Production of W, Z, and top with additional jets
would be significant background
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| BT |
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350 400
m; [GeV]

200 250 300

21

Reach up to 350 GeV for slepton

Note however

Mass difference 50 GeV required due to the
overlap with W and Z’s

(ILC is more sensitive to those.)

chargino IFZE4 limit LY M2=2M1EB S &)
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Events / 10 GeV

Data/SM

EW SUSY and dark matter

ATLAS Praliminary

20310, 158 TaV Status: ICHEP 2014
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S - ATLAS Preliminary (simulation) £
& 700 14 Tev =
— — wsee 3000 b, 95% exclusion limit I :
§ 600 === 3000 b, 56 discovery reach 1 B extension at H I__- l_ H C (U p to
o [ -eeeee 300 fb!, 95% exclusion limit A :
%d 500 — 300", 50 discovery reach o =  3000fb") because lepton trigger
- 15 .
400 1078 rate will be kept
300 f_ Ser02- 2602 002 g 1 1t !
: 22 LHC will be sensitive to Lepton channel !
200 SERAARREERS ¢. gf01 2 3¢-02 26-Q2, 1602 g
E - - 3e-02 2e-02 1e-02 ?X‘N_
100~ — R
- 3 a
1060 200 300 400 500 600 700 800 10 &
%T and 7(2 Mass [GeV] Object(s) Trigger Estimated Rate
no L1Track with L1Track
S 350[,,,,.,,,,‘.,,,,.,.,,.,-,,(.b),,.,.,.r,.,.
(.?}_,. " ATLAS s opserved impedra2) 1 e EM20 200 kHZ 40 kHZ
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HL-LHC (1000->3000 fb") backup

o 20184 14TeV L~2x1034 cm=2s' 25ns (Phse 1)

| ~5x1034 cm=—s! (Phase 1)

This is not free!
Ex ATLAS ECal

® strong intention to keep trigger as low as possible for Higgs physics

’ 0.1 x0.1 0.025 x 0.1 0.025 x 0.025 Muon““
| muon new small wheel
= = ,
for T mrad resolution
Current 7 L.0Calo L1Calo

Figure 2.5: The EM granularity available in the current, Phase-II Level-0 and Phase-II Level-1 EM triggers.
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m,, (GeV]

jet +missing channel
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Status: SUSY 2013
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s Observed

I I 1 I I I I 1

theory

O-lepton, 2-6 jets
ATLAS-CONF-2013-047

O-lepton, 7-10 jets
arXiv: 1308.1841

0-1 lepton, 3 b}-ggts
ATLAS-CONF-201 1
1-lepton + jets + MET

ATLAS-CONF-2013-062

1-2taus + jets + MET
ATLAS-CONF-2013-026

2-SS-leptons, 0 - = 3 b-jets
ATLAS-CONF-2013-007
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@Z
- CQZ

-g production, g — qq X

ATLAS Simulation Prellmlnary

[La-

300, 3000 fb™, s = 14 TeV

0-lepton combined

ATLAS 20.3 o™, [s = 8 TeV, 95% CL

mmmmas 95% CL limit, 3000 fb™, (u) = 140
wmmmms 95% CL limit, 300 fb™!, (u) = 60

s 5 disC., 3000 fb ™, () = 140
— 5 disc., 300 fb”, (1) = 60

500

1000 1500
(a)
gluino

scalar top

s=14 TeV

500E
3000 400
m, [GeV] 300
200
100
0

2500

:A TLAS Simulation Ili’rélilmljnalvryl

=300 fb' (<u>_60) 50 discovery

300 fb' S<u>-60) 95% CL exclusion

= 3000 fb" (< >=140) 5 discovery
23000 fb™' (<u>=140) 95% CL exclusion
@ATLAS 8 TeV (1-lepton): 95% CL obs. limi
COATLAS 8 TeV (0-lepton): 95% CL obs. limit
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gaEEEE
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1 | 1 1 1
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0 1400

Figure 5: The 95% CL exclusion limits (dashed) and 50 discovery reach (solid) for
3000 fb~! (black) in the 7, ¥} mass plane assuming 7 — ¢ + ¥ with a branching r
results are shown for the combination of the 1-lepton and O-lepton analyses. The o

the analyses of 8 TeV data are also shown.



G A G AESALE g

The limit on the mass depends
on the assumption of light LSP

...........................................

% I g ATLAS Predminary \[l @58
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) | e
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10"i
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HYINE LY

Q 23 ' == '
gg production; g— o\q )Nc? < -m_.n,--ﬂfq! - l
;' T T T | 1 T | T 1 T T ] 1 T [ ! 1 | T g ";’L s e - . B J
& 1400 _—ATLAS Preliinary ——— Observed limit (+1c5o>) malinct) [GoV
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------ Expected limit (4.7 o', 7 TeV) and mISSIng ET

0
7

m

- j Ldt=20.310", Vs=

0-lepton combined

control

dark matter mass

800 [— -
B | 3 [ ATLAS Profminary I Lansam'
- ] § 107} - (TR-2p . rc)\-!. 2012 A5« 8 TeV
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Light SUSY confronts real data
M(SUSY ) > 1.5TeV Mstop~ 650GeV GeV

The bound is model independent

11, production, 1, b £ 7/ 1> WO T /T t T Status: ICHEP 2014

;500"]'[[]"]"17'VI'TIIIVIIITIIIYI
8 ATLAS Preliminary L, =20"15=8TeV L =470 15=7 TeV -
= 450 Ef_.—ol'lo oL 9406 1122 oL [1208.1447)
E‘ix’ .t 2 1L [1407.058% 1L [1208 2900)
-ty 2 [1403.445Y) 2 [1209.4188)
400 -t wcb i 1L [1407.0583], 2L [1663 4853)
Smbiry 0L [1407.0608], 11 (1407 0583)

llllllllllllllllll

— Observed limits ===+ Expected limits
3001~ A limits at 95% CL

llllllllll

"111111111111111111

o G
700

m;, [GeV]
exclude up to the region

where mstop~mLSP+mt +30GeV

Events

Data/SM

1 1 1 1
. ATLAS Preliminary —e— Data 2012
10 1s=8TeV, | Lat«207fb" 555 Standard Model (SM)
10° |« tN1 shape: C
ET** 5 150 GeV B Wodets
10° B i1V, single top, multijet
...... m =350, m, = 150 (GeV] ([ Z+Vets, VWV
10* e+t channel
10°
10°
10
1
1.5 ¢
1F
0.5 | .
W-CR 6090  90-120  120-140 _ >140
m, [GeV]

stop 350GeV and LSP 150GeV |
There are no region with
S/N>0.1 in this plot!

The limit relys on understanding of background

| am not sure | take this limit but it is still nice to see such efforts
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QCD technique
for BSM discovery

Matching
ISR tag

jet structure



background estimation powered by “Matching”

Parton shower
“resum” soft and collinear |

component
Hard Process l

L 4

proton C !'
|

Large angle
high PT emission{ ¥} |

Hard ISR cannot be accounted by PS \

approximation. ME used
but “overlap” near boundary |
“Matching” remove the overlap |
|

The inclusion of additional emission to the SM process is MIM
important when we rely on the cut on Pr3, P14

and inclusive quantity like Ht, Meff... CKKW 2001
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DREINER, KRAMER AND TATTERSALL

107

000 00 LA

Prediction of ISR:Matching
reduce the generator dependence

gluino production pp-> gg something

Parton shower sum soft and collinear divergences, emit initial and
final state radiation, but it is only approximation.

from hard process to final state different scales and ordering
(mass, angle, PT) and starting scale (in pythia)

by doing matching, one obtain stable prediction on the PT
distribution of the jets

PHYSICAL REVIEW D 87, 035006 (2013)

Jet1 Jet 2 Jet 3

Cross section (normalized)

10°®

10—3 L

10%F

10-5 L

pt2, 1 Matched
pt2, pythia 6
g2, pythia 6
pt2, pythia 8

0

100 150

Pr (GeV)

150 200 250 0 50

Py (GeV)

300 400 500 50 100

Pr (GeV)

100 200
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DREINER, KRAMER AND TATTERSALL

102

Cross section (normalized)

10°

e e e T (R

Prediction of ISR:Matching
reduce the generator dependence

gluino production pp-> gg something

Parton shower sum soft and collinear divergences, emit initial and
final state radiation, but it is only approximation.

from hard process to final state different scales and ordering
(mass, angle, PT) and starting scale (in pythia)

by doing matching, one obtain stable prediction on the PT
distribution of the jets

PHYSICAL REVIEW D 87, 035006 (2013)

Jef 1 Jét'2" ]et__fs

10—3 L

10 F

10-5 L

1 Jet MLM matching
2 Jet MLM matching

0

100 150
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o(ZN*(—=TT) += Ngy) [PD]
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... but still some disagreement

T | T T
ATLAS ZIy*(— I'T)+jets (I=e,u)
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ISR jet in Higgs Production
Azimuthal angle correlation

> Q) >
S
\ (a) gg—>q9X (b) gg—>q8X (c) gg—88X
0.3 I | I 0.3 I | I
| N H l 10 :
(@]
Q_) g 0.2
S (+¢p) 3
s explxe 3
> N > S
©
= 0.1
(a) : —— full diagrams : : Vs = 14 TeV :
| ---- only VBF diagrams | i M = 600 GeV i
A+/- B cos 201 oL ol Ll 1
0 g 2 O g 2 O g 2
Aq)lZ = (I)l - ¢2
Figure 5: Normalized azimuthal correlations A¢i2 (mod 27) between the two tagging jets in
S 2 s the pp — jjX process at the LHC, where the selection cuts (5.1) and (5.2) with Anjjmin = 4
*M_FFOJEEBE are imposed. For the massive-graviton productions, the additional pr, cut (5.3) is also imposed.
~(E n (}5) The distributions for each subprocess with the full diagrams (solid lines) and with the only VBF
T % diagrams (dashed lines) are shown.
o 5

TE\]-;E E l:\\_.b\ﬁﬂflﬁr'ﬂ
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ISR with SUSY

Hagiwara Mukhopadhy ISR @ﬁﬁ‘#ﬁti%@ci%@ﬂ’ﬂ
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JHEP 2013 = tt_+2-jetquqo{atl_: _
= M, <400 GeV qgtt——
y 2 ggtt— |
= 60|
as ay S
S 45t
Z’ 30 f
a a g 15=1
0 ]
-0 n/2 0 /2 n
(901-02)
) tt + 2 jet process, two jet in the
forward direction shows some spin
KT R :
“E7. 1.0) correlation
- spin 0 CP odd amplitude shows spin
f@r2e)s E—L#7am :
o (n?) correlation 1 +A cos2A®)
= —In{ tan =
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ISR jet correlation in SUSY

0.5 u T T T
F /s =13 TeV, LHC i+ > 2—jets
- Mg >1TeV, [An| > 3.5 Zo- 22 Jetsies
_ 04 r T e e
| i ;
=
I ; ]
—~ 03 [ &
<‘§ Lo, s J
i
©
s
201§ ;
0 [ L | L | L | L | L | L | )
0 0.5 1 1.5 2 2.5 3

A¢j1j2 [rad]

Figure 2: Normalized |A¢;, ;,| distributions for gg+ > 2—jets in signal Point-A (shaded
region) and the dominant Z+ > 2—jets background (green dashed) for the 13 TeV LHC.
The distributions are shown after the jet-pr, Hr, Mg > 1 TeV and |An;, | > 3.5 cuts.

jet selection: take leading 3jets, and select two forward ones.

Need glgl+3j (matched ) and Z+3j(matched) amplitude calculation

because parton shower does not remember the spin correlation.
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Study of gluino gluino production
signal and background simulation

e Signal gluino + 3jets (2jet for forward correlation, 1
jet for missing PT, Am=20GeV

® background Z+ 3jet, top, W

® 7 production is most important background

ETmiss 300GeV jet pt 200GeV gluino mass
7 W It SM- 8001000 " 5/B-
Cut-B
N =E28 0 GeNE =g M 8220 250 86.26 599.67 42.80  9.84 0.07
£ =35 1,00 2508 4.01 13.59 2.55 0.91 0.19
HAg Ll <m/2 | 201 0.68 0 3.59
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“Jet structure”
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[CDOVWTEZXTHD

® Main background : Z+ jets. oluino
highest pT T v MEFaE Y : Z+3]
production
A=
1t jet Tst jet =
® ¢luino productiongg— gluino E
gluino ISR [EMHZHgluon . o

s a7 c =7 KAl 2nd0cjet0f5 . 2nd jet w2
= 5785, background Z B 59 ; = Falli|
AED—DICIEBHH T ;

BT gluino HY LSP EFEE L TWARWEETHNIE. YT FILIF4DBEDY oy
bNETOA—7 background 7 ILA >V KD
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quark and gluon jet substructure

“gluon jet” : more charged tracks and broader than “quark jet”

Quark Gluon Likelihood: ¢/(q + g)

—h

af aF At
- u - 9
- 50 - B
: * : 8
o 40 i3 i i
3 3 ! s
ﬁ 27 30 f; 27 f% .2§ -5
= =R =T 4
g g AF
g 10 g 2
g g :
Covva b Py Py v by L Cov v b v b v by b v by o v v b
b Chazrqged Count 0 ° o Chfflgged Counit 0 Chajlgged Count
; Using MVA
. P =p <
Girth : — jTet r; . (FBRlE 8 & T)
1€jet T

arXive 1211.7038 Gallicchio and Schwartz
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AV (C (X

® Number of charged tracks

® (QCD calculations starts
some 30 years ago

“Jet width” broadness of the jet

7

g:Z ]?cjtri'

icjet PT

Charth=

More recent quantities

CB = > v (AR

i<jeJ

Larkoski et al JHEP 1306.108(2013)

Probability to emit n hadron at scale Q

=]

D(Q,u)= Z

n=0

Pn, i(Q)un

evolution equation
== ng/nqNZ
1-00/Q

03%,(0,u)30= [
Qo/Q

0z (a/m)Pq o 2)

X {(I)q(ZQ: u)q)g((l - Z)Q: u) - (I)q(Qs H)} ) (4)

1-0o/Q
Q0%,(Q,1)/0Q = [
Qo/Q

X {ng(z) [(Dg(zQ’ u)(bg((l - Z)Qa u) - (Dg(Q’ ll)]

dz (og/m)

+ qu(Z)[q)q(ZQs u)q)q((l - Z)Q: u) - (I)g Qa u)]} ’

&N

CDMEN QCDMC ICEDKDIC
EEINTWLWSH



Using C1 instead of Jet width

default Herwig ++ predicts less

1478290 X EH

rejection
max C1

095 ! 50% Quark Eff. (Pythia8) - 0.95} 50% Quark Eff. (Herwig++) 1
0.90 i ' pr € [400,500] GeV ] ; pr € [400,500] GeV 1
U ___:____ Rp=0.6 0.90 Ry=0.6 ]
S ----- : ] = [ ]
£ 08517 I 2 085} ]
R ! : 3 ]
Qdé) 0.80F : Wldth o 080F 3

[ - i
5 ] ) [ ]
= o : 2 [ :
S 075f Gt ] S 075} ]
_ 71 (Broaglening Axis) : : 71 (Broadening Axis)
070F === 11 (et A%(is) ] 070k === 71 (Jet Axis) ]
[ mmm———- LL Apprpx. ] [ e LL Approx.
0.65 [ e ] 0.65 N T TP SRR TP S ]

0.0 0.5 1.0 1.5 2.0 2.5 30 0.0 0.5 1.0 1.5 2.0 2.5 3.0
B B
(b) (b)

Even after Pythia turning some difference remains
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" Each event, if Signal or Background, has “D” measured variables.

" Find a mapping from D-dimensional input/observable/’feature” space

log(sIPS_pi)

[TMVA Input Variableslog(FS_Bd)|
L | T T 1

to one dimensional output
—> class lables

y(x): R"2R: most general form
y =y(x); x €RP
— R

“feature x={X4,....,Xp}: input variables
space” |
) j ianal 7
" |f one histogramms the s E
resulting y(x) values: £ ot E
25 E
2 .
151 3
) E
®" Who sees how this would os
look like for the 0 .
regression problem? 0 02 04 08 08 y(x1)
elge Vo aqulerte olleq 21purag S 009 ariate Data Ana aANag 3 e | es 0
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Gluon Efficiency

MC/Data
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1 2'_ ATLAS —e- Data + Stat. _]
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210 GeV<p <260 GeV o Herwig++
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Quark Efficiency

quark: Yyj event
gluon: dijet evnet

RARAIGEMC TH %
Pythia(pt ordering) &
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Jet substructure& & ZHHNES D |

heavier particle search-> high Pt top, W, Z

O(10)GeV

~~ The boosted t, W, Z maybe identified as a single jet
but there are structures inside =mass drop

|
| 7/0GeV

—Bijet BBHDOHICH B

IN—RZ7O0EZ%EE->TWT,
O(10)Ge

| FEIILTE
5:2-'25'"'FU"‘“"-l-l-l-'l“‘l""'"|"."|.""|""|l""|"l"|'E 250
; 2 ATLAS Preliminary - Simulation—
18- o =
e Pythia Z'— tf, t - Wb {8200
1'42_ E hadronic top p.':! .
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0.8 4100 R=1.0
- m; = 197 GeV
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0.4} & 20
0.2F - leptonic top
0 _| 111 | 1111 | 1 111 | L 111 | 1111 | | | 1111 | | I | | 11 11 | |_ 0 candidate = ... ..
0 100 200300400 500600 700 800900 R
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DER FORSCHUNG | DER LEHRE | DER BILDUNG

Comblned lelts

Jet substructure I3 Tl
HEIETHELNTWS

quark gluon separation &

22D URE D UNE

CIHIUdlIINIiIGCio

Limits:

 Narrow Topcolor Z":

« RS Kaluza-Klein gluon:
« S=0(SM+BSM)/o(SM)

4 '
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CMS, 19.7fb™, (s =8 TeV

<

||||III| 1 II|II||"

e

-y
L]

J
—h.

4%

=k

Upper limit on c,. x B(Z' — tt) [pb]
o

----- Expected (95% CL)
—— Observed (95% CL)
— - 7' 1.2% width
I +1c Expected
| #20 Expected

"
<
Lo

=
o

m>2.1 (2.1 expected) TeV

« Topcolor Z' with 10% width: m>2.7 (2.6) TeV

m>2.5 (2.4) TeV

<1.2 at 95% CL for mz>1 TeV




Comblned lelts

DER FORSCHUNG | DER LEHRE | DER BILDUNG

Jet SUbStrUCtu re Lj: —g_ —C\‘\ L: . CMS Prellmlnary \E 8TeV 196fb1 _ CMS TOp Tagger
HEILETELNTWS s 0F e Data i
O _ B sm tt
o - —— 1 TeV RS KK gluon
til 10% - %,, ~— 2TeVRSKKgluon
quark gluon separation & g F fiye — 3TeVRS KK gluon
S UBEBHNE 4 g
50_0 - 1000 1500 2000 552'500 3000
Limits: tt Invariant Mass (GeV/c?)
 Narrow Topcolor Z": m>2.1 (2.1 expected) TeV
« Topcolor Z' with 10% width: m>2.7 (2.6) TeV
« RS Kaluza-Klein gluon: m>2.5(2.4) TeV
« S=0(SM+BSM)/o(SM) <1.2 at 95% CL for mz>1 TeV
4/2( A 0 0 b
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ISR IC &[T % quark gluon jet

E o i s e i i | =] | S e e e ey | =i |
- Highest-pr jet i - 2nd Highest-pr jet 1
L L gg+jets: quark - Mg > 5 TeXery e E=ggLjebsioquark s et Mg 1TV
e 012 et pluon s ] o 0.14 e -
g 0.12 :_ Z+JetS quark e _: g 0z & Z+JetSI quark e e |
2 01F £ 1 e e e L B B .
e oo e o i } B
= 0.08 - S = =08 = =
g 0.06 - Iiu 1m§ 2 é 0.06 = =
.02 Bk E 0.02 [ ‘L =
L r= = . 5 L Fis g
0'........[-_-';'!.:"-..|...|...|...|.."."'i-_-.-.=,..|...|...' 0'..LJ--"'...|...|...|...|.."." F T [ o e |
1 -08 -06 -04-02 0 02 04 06 08 1 -1 -08-06-04-02 0 02 04 06 08 1

BDTD BDTD

qu;rk like gluon like

Fiotire 2+ Narmalizoad (o 11mit weiocht) dictrihiitinon of the RDTD yvrariahla far the a4 cional

MVA distribution of quark(gluon) from Z+ jets and gluino ISR are

essentially the same. It is possible to reject quark keeping gluons
after the jet-pr, Er and the M.g > 1 TeV cuts, for 13 TeV LHC. The quark and gluon

S/N improved by factor of 2 for BDTD> 0.15
o(Z):0(gl) =36.5:7.9
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&k <

e | HC 14TeV -> Extend new particle search
significantly

e HL-LHC (3000fb-1) High Luminosity machine good
for lepton channel

e |[LC ifitis build, good facility to Higgs and top
sector. Top sector is important for composite
context.

® QCD technology ISR, quark gluon separation,,,
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