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27km proton-proton collider
Placed 100m under ground.
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2015- : 13TeV
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LHC and ATLAS/CMS experiment
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Status of the LHC machine
after 8->13 TeV upgrade
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LHC operation in 2015

* Center-of-mass energy upgraded

11400 HWEC
target for...

to 13TeV (6.5TeV x 6.5TeV) ,ﬁy

581
523
578

GQuench Current [4]

— Dipole magnet quench test done.

* One sector spend 50 times quenches

9600
545
534
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* This made slight delay of 13TeV col.

sey ( Secondary Electron Yield )

* Luminosity stayed low

— |Issue of Electron Cloud

* First time experienced synchrotron
radiation by proton collider !!

! 25ns | BT QLML : 1010-1012/m?

* Scrubbing was necessary.

— Unidentified Falling Object (UFO)
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LHC operation in 2015

e Schedule at March 2015

Beams in LHC
Low-p collisions pp restart
(same Ei.,.7)
Intensity
Ramp B* =80cm B*=40cm  lon run

2016

“ar | Aor | May | un | iy | Aug | sep | oct | Nov | bec | dan | Feb |
T sem  [5A leA_ l7sA_ |suR  |uuA

Run Beam Low-prun  50ns beam 25ns beam  25ns beam Heavy lon
Condition  commissioning B*=80cm B*=80cm B*=40cm

Luminosity (1fb) 1fbt 2-5fb! 5fb1

for Phys.

About 10fb1 in 2015 !?
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Peak Luminosity per Fill [10® cm?2 s1]
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LHC operation in 2015

 Schedule at March 2015—>But in fact...

Beams in LHC

Delay due to LHC magnet issue
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Low-p collisions
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B*=80cm E:>
) o=

4

B* = 80cm B

Low integrated luminosity by UFO and EC

< 4

P B* is still 80cm

_

" 4.2fb!

pp restart
(same E,,..?)
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About 36fb-1-in 2015 I?
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LHC operation in 2015

2 | ATLASOnlineLuminosity f=13Tev |

. 2 5 [C]LHC Delivered ~

Flna”y 2 - [_]ATLAS Recorded |
= -

— ATLAS recorded 3.9fb™ of > ! TowDotvere a2 ;

data s 3 E

— 3.4fb" could be used for = 2f E

physics analysis. ° A

L i ] i - 'l 1 L J 1 L A I A L 'l

0
24/05 21/06 19/07 16/08 13/09 11/10 08/11

Day in 2015
TE——————eli L

energy [TeV]

bunch spacing [ns] 25 50 25
beta* [cm] (crossing angle [urad]) 55 (285) 60 (290) 80 (290)
max. number of bunches 2808 1380 2244/2232
Bunches / LHC injection 288 144 144(4x36)
peak luminosity [1034cm™2s1] in IP1/5 1.0 >0.7 ~0.5
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LHC operation in 2016

* Keep running with

. . . E E_ ATLAS Cl)nlinelLuminosity x{§‘=13Telv _E
— Synchrotron radiation & e-cloud issue  z "= Euncosiversa ]
« Scrabbling was necessary. £ ° [JamasRecorsed F
3 5 Total Delivered: 5.54 fo’'

— UFO : loosen the threshold of beam dumps - e recoes sos o’ ;
2 4 -
* New good and bad thing. & . -
— Good : achieved B* to 40cm! 5 o :
« Make luminosity twice! S 3

— Bad : \(acyme leak on SPS beam dump R a— T
* Limitation for the number of bunches. (10-20%?) Day in 2016

— Small delay due to PS power supply issue etc...

energy [TeV]

bunch spacing [ns] 25 50 25 25
beta* [cm] (crossing angle [urad]) 55 (285) 60 (290) 80 (290) 40 (370)
max. number of bunches 2808 1380 2244/2232  2040/2028
Bunches / LHC injection 288 144 144(4x36) 72 (1x72)
peak luminosity [1034cm™2s1] in IP1/5 1.0 >0.7 ~0.5 0.8
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Integrated Luminosity [fb™]
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What different in 13TeV collision?
* Energy upgrade from 8TeV to 13TeV makes...

Minimum bias
W(ln)

Z(WW)

Lz

t (s-channel)

t (t-channel)

H (ggF)

H (VBF)

WH

tt

ttZ

ttH

A{0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.5 TeV)
Z' SSM (3 TeV)

Q* (4 Tev)

QBH (5 TeV)

QBH (6 TeV)
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Cross section in 13TeV

Cross section in 8TeV

I2.9
3.3
3.6
J3.9
J4.0
Js.4
J 46
J10
I56
J370
: 19000
i | =TT T L s b L b T =TT T
10 100 1000 10000
Cross section ratios: 13 TeV / 8 TeV
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What different in 13TeV collision?
* Energy upgrade from 8TeV to 13TeV makes...

Cross section in 13TeV

Minimum bias
W(ln)
Z(l) 11.7
77 2.0
t (s-channel) J2.2

t (t-channel) 2.5
H (ggF) §2.3
H (VBF) 2.4

WH J2.9

3.3
3.6

tt
ttZ
ttH

1.6 Cross section in 8TeV

-1 ~1
[

Open the phase-space for the BSM
with large cross section
(squark, gluino etc)

A(0.5 TeV, ggF+bbA)

stop pair (0.7 TeV)
gluino pair (1.
(3 Tev)

8.4

J10

© proton

certainly...

Q* (4 Tev)

156
1370
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ev)
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Cross section ratios: 13 TeV / 8 TeV
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What different in 13TeV collision?
* Energy upgrade from 8TeV to 13TeV makes...

Cross section in 13TeV

Minimum bias

W(in) 5 1.6 Cross section in 8TeV
Z(ll) I1.7
77 2.0 2.3-2.4 times larger cross section

t (s-channel)
t (t-channel)

—50% improvement by production alone
2.5

H (ggF) 2.3
H cfgr) )2.4 Observation with 7/8TeV 10fb-1 = need 13TeV ~6fb-?
WH l2.9

3.3
3.6

tt

ttZ

ttH

A(0.5 TeV, ggF+bbA)
stop pair (0.7 TeV)
gluino pair (1.

Today Show the result with 3.4 fb!

© proton

8.4 °
4 ____certainly...

7' (3 TeV) wJ10 >
Q* (4 Tev) 156
H (5 TeV) <370
QB ev) - —— — — ....|.l.gum
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Cross section ratios: 13 TeV / 8 TeV
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Published result at the LHC run2

e Re-observation of Higgs boson?
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Higgs production and decay @ LHC

Gluon Fusion(ggF) | | Vector Boson Fusion| _W/Z Associated tt/bb Associated

@125.5GeV

M bb (57%)
M cc (2.9%)
W T1T(6.2%)

E
o [pb] o [pb]

Gluon Fusion 19.1 49.9
Vector Boson Fusion 1.57 4.18 ® up(0.02%)
(o)
W/Z Associated 1.11 2.39 = vy(0.23%)
mWW (22%)
tt/bb Associated 0.128 0.611

w77 (2.8%)
W others

8TeV @125.5GeV
14TeV @125GeV
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Run 1 results

Channel Signal strength [u] Signal significance [o]
from results in this paper (Section 5.2) o ClaSSIfy the H IggS
ATLAS CMS ATLAS CMS
Ho o 50T 110B s i search/measurement
(4% B we 61 study by decay
H—7ZZ =40 151703 105705 6.6 7.0 modes.
03 (03g) (5.5) (6.8)
H— WW 1.23703 091703 6.8 48
Coz) o) (5.8) (5.6)
H— 11 1417030 0.897)3% 4.4 3.4
(o3 (g3 (3.3) (3.7)
H — bb 0.62703 081703 1.7 2.0
(o I ) @.7) 2.5)
H — up —0.7+3.6 08%3.5
(+3.6) (+3.5)
ttH production  1.9%)3 29700 2.7 3.6
Coee) (o5 (1.6) (1.3)
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Run 1 results

Channel Signal strength [u]

from results in this paper (Section 5.2)

Signal significance [o]

OO0
_ 2ONTLAS aTLAs . _cms S,
'L +0.27 ~+0.25
H — }'}' ] 15_(}_25 ]..1.._._(}_23 5.{] S.ﬁ'
20 o 4.6 5.1
H— 72— 4 1.05%)32 6.6 7.0
a0 o (02! (5.5) 6.8)
H =% 1.237) 5, § §0.9173; 6.8 48
e (o2 (5.8) (5.6)
H- 11 0.897, 3¢ 4.4
(“059) 33 6D
H — hb D;ﬁzt“3ﬁ [Lgltu:q_l ].? 20
oz Cg3d) @7 2.5)
H — up —07+3.6 0835
(+3.6) (+3.5)
ttH production  1.9%)3 29700 2.7 3.6
(oee)  Coso) (1.6) (13)
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* Classify the Higgs

: search/measurement
study by decay
modes.

* 50 observation of yy,
ZZ and WW channel.

34  Need more data for
H->bb and gg->ttH
production.

* Longer time project
for H->pp (HL-LHC?)



Results Production and Decay (sensitivity)

Observed Expected

Production process Significance(o)  Significance (0)

BF 5.4 4.7
WH 2.4 2.0
/H 2.3 2.9
Vi 3.9 4.2
im 4.4 2.0
H>TT 5.5 5.0

H->Db 2.6 3.7
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Results Production and Decay (sensitivity)

pination ! ,
¢ & CMS com Observation!
After ATLZ Observed E

Production process Significance(o)  Sigr
B |: u Evidence! m

WH * 2.4

/ x 2.3

VE x ™35

im “ 4.4

Decay ChaniEaRLEnasYl

H-TT
H->bb

5.5~
2.6

P Evidence!

VBF H—11

7
8 ttH H — XX
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Mass of observed Boson

e ATLAS & CMS has been published in March 2015
M, = 125.09 + 0.24 GeV [ £0.21 (stat.) £0.11(syst.) ]

— This result was important to measure coupling deviation from SM

PHYSICAL
REVIEW
LLETTERS.

Acticies pebbted week snding 15 MAY 2015

Pobdabed ¥e -
American Physical Society. ;hysh Volume 114, Number 19

21th June, 2016

A

T T [ T T T T [ T T T T [ 1 1]

& [ ATLAS and CMS — Hoyy -

= 6 —— HoZZ—4l =

c - LHC Run 1 Combined yy+41 .

o - esees Stat. only uncert. ]

I 5 = .
4F E
3F =
2 - =
1= —
O } 1 1 1 1 1 1 1 1 1 ] 1 ] | ;
124 124.5 125 125.5 126

m, [GeV]
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Constraints on Higgs coupling

Assume only SM physics in loops,
no invisible Higgs decays

Fit for scaling parameters for

Higgs couplingto: W, Z,b, t, T, U
E>|>' IR L AL R LR L ALY IR R LL] B
|£ 1l ATLAS and CMS tﬁ:
= LHC Run 1 Preliminary Z.-® 3
o - - ]
W i ',"“W ]
£ |>- 10~ — Observed ‘ -
S - SM Higgs boson -
2L ;
1o 1
- L :
: b 1
0% w7 E
107 =
Eold ol ol Lol .

107 1 10 10°

Particle mass [GeV]
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ATLAS and CMS Preliminary - ATLAS
LHC Run 1

- CMS
- ATLAS+CMS

0O 02 04 06 08 1

12 14 16 18 2
Parameter value
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Before Higgs result... Top re3-observation
* Top pair production

Dilepton

o;; =803 +7 (xmt) + 27 (syst) £ 45 (uml) + 12 (beam) pL

oy = 149 £ 57 (stat) =79 (syst) + 74 (]uml} pb

Lepton+jets

o = 817+13 (stat) +103 (syst) + 88 (lumi) pb

Theory Prediction 832*{2

Inclusive tt cross section [pb]

6 Pb.

8 u (i pair (I+jets)

| T T T I T T T | T T
Tevatron combined 1.96 TeV (L = 8.8 f5")
ATLAS ep 7 TeV (L = 4. 6 o)
CMSeu7TeV (L=51b")

ATLAS ep 8 TeV (L = 20.3 fb )
CMSep8TeV(L=19.715"

LHC combined ep 8 TeV (L = 5.3-20.3 f")
ATLAS ep 13 TeV (L= 3.2 fb")
CMS ep 13 TeV (L = 43 pb)
ATLAS ee/ppn 13 TeV (L =85 pb )
ATLAS l+jets 13 TeV (L =85 pb )
CMS l+jets 13 TeV (L = 42 pb )

T

—_
o
@

—_
(=)
[hS]
T l]llllll
OOrem<smenNd

T TIIIIII

= NNLO+NNLL (pp)
E—— NNLO+NNLL (pp)

10

ATLAS+CMS Preliminary = Mar 2016
LHClopWG

1000
800}

600f

Czakon, Fiedler, Mitov, PRL 110 (2013) 252004
Mgp = 17|’2.5 GeV, PDFEri o uncertaintie
1 1 1 1

3

F according to PP F4LHC
1 1 1 1 1

It s [lI'eV]

6

8

10

12

Well agreement with theory

21th June, 2016

1.
's eVl Well agreement with theory v

* Single top production

o(tq)

a(iq)

Theory Prediction

Inclusive cross-section [pb]

Top Quark
133 + 6 (stat.) + 24 (syst.) =7 (lumi.) pb

Anti-Top Quark
96 + 5 (stat.) =23 (syst.) = 5 (lumi.) pb. -
v F

Trg = 136.0*34 pb
iq = 81.023¢ pb*

t-channel

102

10

T | T | T
- ATLAS Preliminary
t-channel single top-quark production

T T [T 7 T
December 2015

¢ 4.59 fb™" PRD 90 112006 (2014)

Y 20.3 fb' ATLAS-CONF-2014-007 2
¥ 3.2fb" ATLAS-CONF-2015-079

— NLO NPPs205 (2010) 10, CPC191(2015)74

. my,=172.5 GeV, Ho=p =m,

tit ¥

anti °F|’ | | CT1onlo, MSTW2008nlo, NNPDF2 310 (PDF4LHC)
1 1 1 1 1 1 1 1

5
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23



H->yy b

e di-photon spectrum in

3.2fb? data © o

. > e B B e e I A I

— Signall&Crystal Ball + $1800 ¢ ATLAS Preliminary  pposHoyy =

I N1600 —

G.aUSSIan £1400 E- 1s=13TeV, 321" 3

— Fit baquround §hape by S 1200 - - 12500 GeV E

analytical function 1000 = =

e Rate of Real yy in o0 E

| o 600 — e data =

baackground is 78% 400 - — s + b -

. N o 113+74+43 2005—---background,b E

Slg — _25 o 100 g_| +|! | | | |!| | | | l 4+ w:_g

* Result: s oE . bt .s

s 0 A +—4 ,é

— 1.50(1.90) obs(exp) ~100 R
110 115 120 125 130 135 140 145 150 155 160

Vs Measured total cross section [pb] LHC-XS prediction [pb] My [GeV]
7TeV 35 + 12 (stat.) =4 (syst.) £ 1 (lumi.) 175+ 1.6
8TeV  30.5+ 7.1 (stat.) 152 (syst.) 0.9 (lumi.) 22.3£2.0
13TeV  [40 426 (stat.) T|g (syst.) £ 2 (lumi.) 50.9 T3
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H>22(*)

t

° m4| SpECtrum 8 QoF H—ZZ z

> 16_IWIllIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIWI'IW\T_
e 118< m4|< 129GeV 3 14 - ATLAS Preliminary .*, iags (m, - 125 Gov)
. B * A ]
— Signal exp =4.57x0.54 o [HozZ'-d — A :
E 12  13TeV,3.21b C tt+V, V\{V ]
— Bkg exp=2.1%£0.2 5 e
w 10 -
— Observed 4 event. : :
. 8- -
° f|t= +2.3 - ® ]
I\lsig 1 -1.5 6 ]
* Result: ok -
— 0.70(2.80) obs(exp) ok
of
80 90 100 110120 130 140 150 160 170
m,, [GeV]
Dataset [TV] N, ofg [b]  oig (M) o [pb] ol [pb] ’
7 45725 19712 1034011 3373 175416
8 240 789 21405 1.20+013 3773 22.3 + 2.0
13 1023 06 Thd 2744028 | 12 7% 50.9 *93
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TLAS

EXPERIMENT

- §n

280862

Run:

53564866
2015-10-02 16:24:44 CE

Event:

C
[a
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In summary

o) 90 o B L B — 71 r 1 ]
2 80E ATLAS Preliminary — Oppyyy My =125.09 GeV -
% - AH-yy o H-ZZ*—A4l QCD scale uncertainty ]
b& 70F ¢ comb. data syst. unc. B Tot. uncert. (scale ® PDF+a,) =
60F >
- 7
=
40F =
- ¢! 1
20 -
L [ ]
10F Vs=7TeV, 45fb" E
=2 Vs=8TeV, 20.3fb" =
- Vs=13TeV, 3.2 0" -
_1 O T S N TR TR TN TN A TR T SN TN NN SR TN S S [ SN S S SU S S S S S S S S S W S’ -

7 8 9 10 11 12 13
Vs [TeV]
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H—>2ZZ : High Mass resonance

 Extended search reason to 1TeV no significant excess observed

* Set 95%CL limit on o x BR(s=2>ZZ—>4l)
% I |||||||||||||| I.\\D‘Itl\\llllllllll_
ata
o - * L ] T R e T I =
& _H—)ZZ — 4] — ] £10 B | | | | | | | ]
2 [ 13TeV,3.2fb" tt+V, VWV | S [ ATLAS Preliminary - Expected
C 2 Uncertainty ? - y — Observed
g) 10 E N L 13 TeV,3.21b Wit
LU g '>'[~ - S 7Z 4 +26
i <)
. m 10_ —
1 5 cg
] o
= c
i o
107" E £ 1
] -0 F
’ S C
o C ]
_7D [ | B D 00 0 0 0000 Ll I 11 1 | l | [ llllllll I llllllll
1072 200 300 400 500 600 700 800 9001000

200 300 400 500 600 700 800 9001000

m,, [GeV] ms [GeV]
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MSSM A->tt
* To early for SM Higgs H—> 1t but possible for MSSM

Lepton-Lepton Lepton-Hadron Hadron-Hadron
H H H
/N SN g
T T T @/ T
o7} ba®egy b0 e
» b
% 103 T I T T | T I TTTT I T T I llDltl I T T | T T I L IQ
oy —e— Data
1o} ATLAS Prellm!?ary C HA - = E
- |\_| S;: 13Tev,3.21b m, = 500 GeV, tanp =25
i) 2 =TT, [ Jet—l,t fakes
QC) 10 K Z-1T ?5
> [ tt, single top .
w 10 B Diboson
 Z-eelup E
Uncertainty -
------ Pre-fit background n
1 =
107"
1072
10°®
8 2 TIITIIIYIIIITII'IIITTIITIIT[IIIIIIII'IITTII_-
— . ; —— u
o 1E-»wwW4*WWW//W£
= O 1 | 1111 | I I | I 111 I | | ‘ 1111 I | I 111 l_—
S 200 300 400 500 600 700 800 900 1000

mit [GeV]
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80_IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
EATLAS Preliminary, \s=13 TeV, 3.2 fb!
70 MSSM m[™* scenario, M . = 1 TeV

- H/A = 11, 95% CL limits

S e -
- s y
S50 . : E
[ S 5 §
- ™ L H .
40 - "l E
30 -
20 R Expected ]
» o ]
1 ‘ 20 ]
ey TAIZEATTIIT —— ATLAS Rund (Obs.) ]

my =

[N IIII|IIIl-":|IIII|IIII|IIII|IIII|IIII-1IIII|IIII_

200 300 400 500 600 700 800 900 1000 1100 1200

_— m, [GeV]
Better limit at >700GeV than runl
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MSSM A->Zh

* Extended SM ZH-2>1lbb,vvbb analysis to High mass.
* In pTZ>500GeV analysis H>bb treated as 1 fat jet (boost)

Events / 500 GeV

Data/Pred.

35

30

25

20

15

10

TLAS Preliminary
=13 TeV [Ldt=321b"
0lep., = 1 large-R jets, 1 tag
500 GeV < p;'

75GeV <m, <145 GeV

n D

21th June, 2016

| T T
I 1 1 1 I 1 | 1 1 1
600 800 1 000 1 200 1 400 E 600 1800 200C

ilgaltazlh( I1.|13Ifb; Ii g I LI I\l LI | LI | LI | LI | LI | LI | L | LI | LI
2600 GoV 3 £ L —e— Observed (CLs) _
- t::"bos.on © _: o 10 = ‘A TLAS Pre“mmary ----- Expected (CLs) -
= Sngietop 7 - 13TeV, | Ldt=3.2f @@+ 1o i
: ,be,cc, ] < B [1+2c ]
— g-(gll,cl) = o \ A—Zh— Zbb — - Z—vv expected (CLS) |
m- Z-+(bb,be,cc) ] o \ -.-.-Z— ll expected (CLs)
Uncertainty - L = —
+=== Pre-fit background ? = -
N - < C ]
i (o) L 4
7 c | .
] (@]
1 E 107 3
= i - .
] o B i
. w w 3 g
Tp]
= T T @ a2l
W\\\ \{\\ \\\\\\\\\\\\\\\\\\\\\g 10 200 400 600 800 1000 1200 1400 1600 1800 2000
= . m, [GeV]
m.(Vh) [GeV] Better limit at >800GeV than runl
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Published result at the LHC run2

* Are the excess in VV and yy real?

21th June, 2016 Seminar @ Osaka 31



Events / 100 GeV

Significance

= B BN BN CMS Preliminary
EATLAS —.—gati 4 mode 3 T T [ T T T 1 LIS LS A LA S
- o= 1 ackground mode N A S — ’ = ’
| 19=0TeV. 2031 ISTOVEGMW,c=1 e —x-we-mEone
i 20TeVEGM W', c =1 o — X = WV — hqg (EXO-13-008)
Ty —25TeVEGM W', c=1 ] — ¥ = WZ — il (EXO-13-009)
L —— Significance (stat) 1 O 1 o T =rmem X = WH — hbb (EXO-14-010)
S B Significance (stat + syst) 4 Qo e —— X = VH = qge= (EXO-13-007)
= 3 LN I wmmn X —s VH - qgbb,6q (EXO-14-009)
= WZ Selection 7] ; E\ P === o pp = X')4og,pp = X 4o pp = X5 7
= E T ' X=X /X, V=W/Z
— _} ]
i w-yy 3L
_:, R i ——— “ 5 HVT lEIodeIB{gv=3}E *
C - 10 = BRX—=WZ) = BR{(X—=WH) R
] = BRIX—=WW) = BR(X—ZH) = -,
] T T T T T TR T L1 1
3 1 15 2 25 3
||||3|5 Resonance mass [TeV]
. m; [TeV] ]
e Excess in Runl (8TeV) : Say final word by 13TeVdata
wyn . . .
o “)”:boost jet (mearged 2jet)> boost boson-tagging
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VV=>1J analysis @ 13TeV

* Repeated the same analysis as 8TeV with 13TeV )

data. Wiz ‘&
* Classify WZWW,ZZ selection by m_, X >
. . r wiz 9
—No significant excess at 2TeV... . )
WZ selection WW selectio
= 103 E L L L 103 = L B e o o o e B B e o e N
& E ATLAS Preliminary —e— Data 2015 E = ATLAS Preliminary —e— Data 2015 =
= | :_ Vs =13 TeV, 3.2 b — Fit bkg estimation _: ) ~ {s=13TeV, 321" —— Fit bkg estimation
P = Fitexp. stats error 3 107 Fit exp. stats error ?
% Z WYZ selection - — WW selection _
i 102_ E 10 =
1 | | | _E L N
= i ] = =
10" = ! | L 10 L ] ﬁ
_ 2 - -3 e e
D:_ 0_ 0_ |_‘l_||_||_| —
R T T T I T T ] e —
1000 1200 1400 1600 1800 2000 2200 2400 1000 1200 1400 1600 1800 2000 2200 2400
m,, [GeV] m,, [GeV]
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VV = Leptonic decay

* |n addition to VV>J, A Jreimd

. . w ¢ ( Z ¢t \
analized leptonic Lo ’ e
X
decay channel q q
. g wz 9 | W= q /)
- No significant excess
WZ selection WZ selection
% 103 T T T [ T T T T [ T T T T IDItI T T T T T 1T |—§ _.E 3 | DL ' '. LA DL '_+—| 'Da'ta' LI L
Q ATLAS  Preliminary o\ 1 g10° ATLAS Preliminary 1 HVT model A 1.5 TeV
2 1P \s=13TeV, 321" -Togeqﬁark 7 U VEST3TeV JLdt =320 g 7 ers
§ WZ Signal Region I Dibosons 3 102 ZW signal region 1 SM Diboson
w10 Z+jets 3 1 Top Quarks
= =ame HYVTM=1.6TeV 3 %% Stat.@Syst. Uncert.
""" Fit tot. unc. N === Pre-fit background
1 E
10~ -
10'2_ E:
104:5 - v
10_4_| N N ) I I I I I 10_2 ||||||||||||||||||
R 777 1 20p
¢ "o w3 E 15 + 8 S U — -
< -+ N O 2 1004 *
TS o + AP0 Bos .IT:'Y__H_ __________________________________________________________________________________ ]
e 05— 2 _ DO 1 1 1 1 1
i + . . . ZZ "~ 500 1000 1500 2000 2500 3000
500 7000 1500 2000 2500 3000 m(eeJd) [GeV]
m,,, [GeV]
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Have the 8TeV excess excluded ?

* Extrapolated 8TeV excess to 13TeV production cross section
by using Proton PDF assuming (gg—=2>X and gg—=2>X)

8—2>13TeV <,

E‘ J: T I T T T T T T T T I T T T T | T T T T __|' E I T T T T | T T T T | T T T T | T T T T | T T T T I
= 102 ATkAS — —— Combined Expected 1 & {0 ATLAS Preliminary 95% C.L. exclusion limits ~ —
S = (s=8TeV ——— Combined Observed 5 <) o 1 e ted —Ob q 3
N = [Lat=20317 e 4J Expected 3 ¥ f fs=13Tev,32 xpecte served
T e xpenes 4 4 [~ lgg  —hag
E ~—-—- Ivqq E - o . 1
> = Ru n I ——— Ivgq Observed = el . ™, Ru n " vad RRRR _
- L — oo lijg Expected 7 m B * _ 3
T g\ \ P 4 2 - .- HVT Model A, g =1 ]
X = A\ ' IvIT Expected 3 = B ]
< . : IvIT Observed 7 ! - . -
= 10 = g 8TeV best fit
) = L = = 107 =
- = / - b - - -
S ol - i % | C .
= 107 o [ HVT WW2Z ]
~ B All limits at the 95% CL = L EERRRREEEELEE
10‘3 N T T O T T Y Y 10_2 [T R S I TR N NN M NN SO SO N | Ih’|~‘ [T T N T R |
500 1000 1500 2000 2500 500 1000 1500 2000 2500 3000
19 my, [GeV] m,,. [GeV]
VV—J) VV—J) ZW/ZZ—11) IW/ZZ—vv)
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A
T
L
Di- Photon analy5|s (Dec 2015) @e
g 104§; ATLAS Preliminary . o - % 1 Oo_
% 10° |§—‘ —— Background-only fit _§ E'}_ 1o
s 107 \\ {s=13TeV. 321b" _% g 1 0_1
i e
°E 4, ERR

L X

ATLAS Preliminary

o' L s 3
3 o] + E ) s=13TeV, 3.2 -
) E 10° =
-g g% .l‘ l|+ ++'1$' b Py P sd % Ao Observed 3
E _55_ I | I + |T [ i _E ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| :
z _10§_ o a4 _i -10—5 l l | l 1 l | l 1 l | l l 1 | 1 l 1 | 1 l 1 | l 1 l | 1 l 1 | 1 l 1 |
155 3 200 400 o600 800 1000 1200 1400 1600 1800
200 400 600 800 1000 1200 1400 1600
m,, [GeV] m, [GeV]

Di-boson (750GeV) excess : local(global)3.9(2.3)o
 Width : [/m=6% ('=45GeV)
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Events /{ 20 GeV )

Di-Photon analysis (Dec 2015)

CcMS Prefrmmary

26157 (13 TeV)

=

Barrel Barrel

10
FE | Data
1 = — Fit model
F +1o \
|l
10 llx20 ||I
C I||||‘||” |||||||||||II||
E 4
v oF ; ; el
=3 0*—;—.}_7 1+|” fhl I[L”““n}I*Imnml‘uﬂhmmumﬂww
."_.'U _2;:_ FITTH] JTH,““ L E273
S 4f
3107 4x10® 5x10° 10° 2107
m, , (GeV)
_ CMS __Preliminary 261" (13 TeV)
} T
L0 ey
- Barrel-Endcap
g E
B 10= MR .,
s = T
e ,L { Daa iz 20
E — Fit model gzl
- +1o ““' i} H |
0 e M2
C . . e ! Vlil“"““|||||||III||
: " I I
=] 2F [ . 1 I I 111
E‘ 0%%#{'[1 l-rr HL r+1 I mmm
&s : '}Tl'iT ] [] o
“CE 2 E T N
T 4F

40P 5107 6107
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210*
m, , (GeV)

10°

Seminar @ Osaka

CMS

CMS Pre!:mmary 261 (13 TeV) + 19 77 (8 TeV)

]
jol _f".I v

107 ! .
I — (A P

102 = % =0.01 ‘=.
C —— Combined
R 13TeV
e 8TeV
————————————————————————————————————————— 30

103 ] ] 1 ]

5x10° 6x10° 7x10? 8x10°
mg (GeV)

Saw small excess in Barrel-Barrel event (not
for Barrel-Endcap event)

Show excess for both 8TeV and 13TeV but
different mass.

13TeV : Local(global) 2.6(<1.2)c@760GeV
8TeV : Local (global) 3.0(<1.7)c @750GeV
for k/My=0.01(RS Graviton) i.e. narrow
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Re-analysis for Moriond

Two type of analysis : Spin-0 Higgs and Spin-2 Graviton
(Originally Spin-2 analysis is very loose selection to
target for very high mass region >3TeV)

Common selection
— Tight photon ID with Diphoton trigger
Spin0 Higgs analysis

— E;"1250.4(0.3)m,,
* 750GeVTE;"*>300GeV

Spin2 Graviton analysis

— E;¥12>55GeV
* Looser cut than SpinO, high acceptance to the Forward Event.

21th June, 2016 Seminar @ Osaka
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Events / 20 GeV

Data - fitted background

Re-analysis for Moriond

Spin-0 Higgs analysis

Spin-2 Graviton analysis

104§|"'|'"|"'|"'|"'|"'|"' = }104;"I"'I"'I"'I"'I"'I"'I"' S
= ATLAS Preliminary = = ATLAS Preliminary =
* Data 1 & = Data 7
10°E I I [k . =
= — Background-only fit 3 o = Background-only fit =
= 3 £ = -
102 ;_ Spin-0 Selection _; % 102 ;_ Spin-2 Selection _;
- s=13TeV, 321" - S \s=13TeV, 3.2 =
10 E 10g E
=y = 1E E
107 = 107 =
— L | | 1 - oy o —
= ' 3 B ' ' 3
155 E S 15:— r =
10E- 4 2 10F =
3 * * ﬂ El- :
- - K] - 3
oE "||I|WM S S R - & ‘ l b 44 e
= 3 k= Ed | | =
-5 m' 3 5 5B ‘ E
= L ] — - -
_10[ | |1? ﬂ —f & —10F1 =
ﬂ l 1 PR TR RN NN TR R T - O iﬂ [T T T ,E
500 400 600 800 1000 1200 1400 1600 200 400 600 80O 1000 1200 1400 1600 1800 2000
m,, [GeV] m,, [GeV]
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r'y/my [%]

Re-analysis for Moriond

* Spin-0 Higgs analysis * Spin-2 Graviton analysis

. . — _ -1 L "
ATLAS Preliminary  (5=13TeV, 821" Spin-0 Selection A1 -A= Preliminary Vs =13 TeV, 3.21b™  Spin-2 Selection

35 T
10 I3 %
8 2.5 %
1.5 -
4 .
| 1
? I 5 0.05 0.5
QOO 400 600 800 1000 1200 1400 1600 0 600 800 1000 1200 1400 1600 1800 2000 0
m, [GeV] m. [GeV]
Local (global) 3.9(2.0)c Local (global) 3.6(1.8)c
@ 750GeV, I/m=6% (l=45GeV) @ 750GeV, [/m=7% (k/M,,=0.2)
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8TeV data re-analysis

* Spin-0 Higgs analysis * Spin-2 GraV|ton analy5|s

‘/‘-J-; ‘]04 |||||||||||||||||||||||||||||||||| = % 104 T ATLAS P I LI L L R R B BN BN LI | ﬂ
ATLAS Preliminar re Imlna E
8 y Data g = ry = Data 3
I o C , 7
P g Background-only fit e 10°E = Background-only fit 5
= = = = 3
4] — . - @ C . o . n
o 1P Spin-0 Selection & 1L Spin-2 Selection .
E s=8TeV, 203" E Vs=8TeV, 20.3 b =
= 10 E
= e =
107E 107 =
'g o 202:]{::'I:::I:::I::.I:::I.::I:::":E
o 3
o éj 15 -3
5 % 10 E
O (1] b =
3 S . | l|| E
o o D | I ' P Y 1 + * é
= ) MRy . 3
© < “OE |l ‘ + =
‘l'-'U = i) —10 L 1 _;
= E B _15 3
200 400 600 800 1000 1200 1400 1600 1800 = . 3

m,, [GeV] 200 400 600 800 1000 1200 1400 1600 1800 2000
m,, [GeV]

Local 1.90 @ 750GeV, [/m=6% ('=45GeV) No significant excess
Compatibility with 13TeV Compatibility with 13TeV
gg(aq) process 1.2(2.1)o gg(qq) process 2.7(3.3)o
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8TeV data re-analysis

* Spin-0 nggs analysis * Spin-2 Graviton analy5|s

10% e

10°

Events /20 GeV

10°

10

—10E1 |

L]
1]
200 400 I 60 ““e ~ 1200 1400 1600 1800

Data - fitted background
o

i L B L B
0t ATLASF'rellmlnary

« Data
10°

Background-only fit — Background-only fit
Spin-0 Selection

VS =8 TeV, 20.3 b

Spin-2 Selection
Vs=8TeV. 2"

y3teN

Events / 20 GeV

wlonlwnliodiblndualnd's IIII| IIIIIIII| IIIILLLLl_ %ﬂ LI.lll|_I_I_LLI.Lll|_
(Y

Data - fitted backgrc

200 400 600 800 1000 1200 1400 1600 1800 2000

. [GeV
My [GeV] m,, [GeV]

Local 1.90 @ 750GeV, [/m=6% ('=45GeV) No significant excess
Compatibility with 13TeV Compatibility with 13TeV
gg(qq) process 1.2(2.1)oc gg(qq) process 2.7(3.3)o
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What we saw in 2016 data?

* To say final word... #
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What we saw in 2016 data?

* To say final word...

* Sorry, | can’t show anything... NBAYE
— Unblinded 2.6fb™! data last week, though 2
* Not enough data to reach conclusion (2/3 x runl).

— Will show results in ICHEP conference...
* With higher statistics for sure.

21th June, 2016 Seminar @ Osaka 44



Published result at the LHC run2

* Re-observation of Higgs boson?
* Are the excess in VV and yy real?
e SUSY/Exotic results.
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Squark and Gluino searches (1,2 gen)

* Huge cross section, quite exiting to see the ,
first result after upgraded collider energy.

(2-6)Jets + large MET P
* Dominant background : Z(=>vv)+jets, Top

. .- P
No significant excess observed.
> e 1L e Sy O S B Sy B B -
s | - . 1 excluded
O] ATLAS Preliminary °7
o - — 1 .
o 1025 {s=13 TeV, 3.2 fb" —— SM Total E g|UInO . <1.5Tev i
: o [ Diboson ]
@ . Zjets ] squark : < 1.0TeV
c [ tt(+EW) & single top - oo
S B Weiets AL = 00l
> ] Mot s ‘AT'Ll'qé'P';,'."""""_____'__‘_"""""""_;1200‘..|...,‘.. —————
10 Mutti-) = 8 refiminary —— Observed limit (+13e5) 7] @ ATLAS Preliminary s 1
= - - - gg direct, e 1200—0 -lepton + 2-6 jets + E™ 4 € ) miss Observed it (+1 0pury)
- m(g, x%)=(1400, 0) E r LT T Bxpected limit (100,) £ 1000— [ O-lepton + 2-6 jets + EY === Expected limit (+10,,)  —|
oo ST 8TV 320 — ATLAS8 TeV, 20.31" - [ s=13Tev, 321" —— ATLASBTev,20316" |
. i E All limits at 95% CL BUO_— Al limits at 95% CL -
. . C ]
1 31 I e 15TeV 7 1.0Tev
. 3 r i M 800— ]
| bl & 3 {
2 " 4 ] ]
5 ORI ) L :
o ’ o o o A C H i
© ] 4 - T L L - L N L - i SR .
o o . ! E S5 #6500 300" ¥o08 7208 400 ~ 1600 1806 5000 S e e e a0
1000 1500 2000 2500 3000 3500 m, [GeV] m, [GeV]

m,(incl.) [GeV]
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>=2 lepton channel

e ) same-sign Ieptons e 2 opposite-sign leptons

— gluino/squark assosiated with Z
— Small SM Bkg — Runl: 3(1.7)o excess for ee(up)

. . — Run2:2.20 excess !?
— No significant excess . 21 event (bkg 10.3%2.3)

2 ' — Too small excess if Runl excess is real

>:’:’ Y\I i > T ‘ 7T I T TT I T T ‘ 1T I TTT I 1T | T TT I 7T | T 17T I T
ST, [0) - ATLASPreliminary—e— pata 2015 ]
J O 25; \s=13TeV, 321"  %%% Standard Model (SM) _]
- 900 T T T I T T T ‘ T T T ‘ T \l T I T T T ] N = . . —
%, C ATLAS Preliminary " >7-10 jets expected | — - SRZ ee+up B 2y (fromy+jets) -
O, 500k =~ 0 —— 2 7-10 jets observed 1 n i [_] Flavour symmetric ]
= E g a@WZy, e SS leptons expected = ook h
U o , = SS leptons observed c B [ JRaretop i
‘g 700 j\S = 13 TeV, 3.2 fb ........ Run | expeoted - G>) L E W2/Z7 i
o e — Run | observed . T - 1 ]
B00E ™™ e, > 7-10 jets: arXiv:1602.06194_7 1 5__ - m(ga%2)2(9201230) GBV__
"'""-_-_ """" S8 leptons: arXiv:1602.09058 L ~ 0 _
7 ", Run I: arxiv:1507.05525 - m(g%,)=(940,660) GeV ]
500[ " - I ]
a00f = I ; i
300f - o - R
200f 4 Co 7 + """" j# ______ s

E I SRS S :.:\ \ | -: T R T ] 0 ----- : + 1 T ! — 1 11l ; 2

BOO(ML) . (‘?9)0 & 1200 1400 1600 82 84 86 88 90 92 94 96 98 10

m(X,) = zx(m(g)+m(x, m~ GeV

M) = 2<(mE ) +mK)) (9) [GeV] m, [GeV]
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Prospect of 300 and 3000fb™

No New results so if time allows

My personal view...

Not assuming the improvement of identification algorithm etc...
Extremely simpler analysis assumed than current Runl resutls
So the result is very conservative and pessimistic case...
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Lesson and leaned

ATLAS 2011+2012 Full data

5fb1(7TeV)+20fb(8TeV)

Decay channel Expected Observed
sensitivity Sensitivity

Before experiment...
arXiv: hep -ph/0402254

§ [ L dt =30 " s LI,
% (no K-factors) A H - ZZ‘*’(*)—> 41
g o AT B o ggF,(VBF):H>ZZ 6.20 8.1o
go 14TeV 30fb'1 A qqH - qq'ﬂ' FVBFH%YY 46 c 9
n :Sensitivity: Total significance gg ) . .00 20
- Tt>WW>YY>ZZ>bb ggFVBF:H2>WW 5.80 6.1c
_ (ggF),VBF:H> 1t 3.40 4.50
al VH,H>bb 2.60 1.40
H2>uu <7.2xSM <7.0xSM
ttH:H—>bb <2.2xSM <3.4xSM

100 120

140

160

180

200

Prospect of before starting experiment...

my, (GeV/cz)

Much better results observed!!
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Luminosity [cm2s?]
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Upgrade schedule

® Peak luminosity =—Integrated luminosity

Integrated luminosity [fb1]

6.0E+34 — o VA B BT 3500
RUN1 RUN2| RUN
soe+34 | | qoo0fbtl
sl | L2 5
L .+ 1300fb} @
Ky o o o
= el o
21306434 | Al ﬁ - Replace all tracking det.
g R Energy 14TeV
o] I Lo . i ; 34
E 20e438 | : ‘ . . Lummo§|tyx2.5 (5x103%)
2 . Energy 13->14TeV L L
: % Luminosity x1.2 [ EESEEE E R
HoRsSA K Energy 8->13TeV ! ' L
o Luminosity x2-2.5 — — >
0.0E+00 o= T — — )y 10

10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

— New Physics searches

Cross Section [pb]

1073

1073
10°©

21th June, 2016
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

— New Physics searches

|"I"|||||||||||||||||||

106 1 1 T T I T T T I 1
X Vs = 14TevV 4107
10 Followed prescriptions in 1206.2892 [hep-ph] —pp — 8§ 101!
10* == pp—4q | 1010
103 \ m— pp — i 9
E N L . . 4108
= 10! \\ New physics via Strong interactior 107
§ 10° squark, gluino 108
@ 107! = limited by CM energy (+20%)
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

— New Physics searches

- -1=

106 1 1 T T I 1 T T T I T I T T T T I 1 1 T T I T T 1 1 I 1 T
] Vs = 14TeV 410"
10 Followed prescriptions in 1206.2892 [hep-ph] —pp — 8§ 101!
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10° \ chargeno; neutralino — it 109
|| x —
a 10 \ -Small cross section (x2 sensitivity} M Jioe
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrade?

ATLAS Simulation Preliminary
's =14 TeV: [Ldt=300 b ; [Ldt=3000 fo”

— Higgs searches and measurement = SN I
« Coupling measurement, search for rare decay H=YY (comb) E
e Search for the Higgs self coupling via di-Higgs — mms ]
events. H— ZZ (comb.)
w L L B AL B
“1.25- 300 b, witheory —— 3000 fb”, w/ theory H— WW (comb.)
1.2 ;_ ....... 300 fb-1, w/o itheory ______ : 3000 fb-1, w/o theory ............................................. _
11 52_ + Standard Md:adel H— Zy (incl.)
1 1E : _ R Measure coupling ———— e |
e A R with a fe\A:I % accuracy p_,pp (comb)
£ 41— R i
- - H—>tt (VBF-like)
0'95_ - ATLAS Simulation Preliminary] Hopp  (comb.) ]
0.85 \s = 14 TeV = N
1 1 1 1 1 | 1 1 | 1 | | 1 1 1 | 1 | 1 1 | 1 : > 4
0.9 0.95 1 1.05 1.1 Observe rare decay 0.4A /
v (Second generation coupling!) WK
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Physics motivation of HL-LHC

* Really need 300>3000fb™* upgrage

ATLAS Simulation Preliminary
h—vyy, h=Z7*—4l, hWW*siviy
h—tt, h—bb, h—uu, h—Zy

I IIIIIII]
| Illllllf' 1

— Higgs searches and measurement

* Coupling measurement, search for A L Wi X Ky Ky -
. . . - BR =0 3
» Search for the Higgs self coupling vi: S :
events. L ]
= \s=14TeV 3
MLL i T T T T T T i T T T T i T T T T T T T | T : _JLdt - 300 fb—1 :
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11 52_ + Standard M?del § i _
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AE . o)
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1.05F T e T R e =
- o
=
095~ ---------------------
0'95_ . k d-'ATLAS Simulation Preliminar H—up  (comb.) o
0.85F ; \s = 14 TeV -
1 1 1 1 | | | [ 1 | | | 1 | | | | 1 1 | I > 4
0.9 0.95 1 1.05 1.1 Observe rare decay 0.4 /
By (Second generation coupling!) il
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Physics motivation of HL-LHC

Really need 300> 3000fb! upgrade? Most sensitive : gg=>HH->bbyy

— Higgs searches and measurement
* Coupling measurement, search for rare decay
* Search for the Higgs self coupling via di-Higgs 15¢

events.

§° ggF —HH W|th ?LHHH ‘H

‘\ 3 101 ]
< <:> 1 Al
7 % 1 1 1 | 1 250
57 ggF —HH w/o Ay, H
Y

o(pp N HH
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4125 GeV

gg — HH
100 | \f
aqq' —»HHqq' .

10 +

1+ q3 —WHH -
qq — ZHH .0~

.

0.1

SM
Asrrrnn/ Atbm
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Run 1 result — Search for self coupling

 HH—>yybb search

— 4 event excess in m,, distribution after bb selection
— 2.40 excess (6™~1pb, 30 times bigger than o,,,,=34fb™!)

— Not excluded possibility of an excess of M

i~300GeV

_[Ldt =20fb", \s=8TeV —#%— Data

Signal Region

Control Region Fit
-------- Single Higgs Boson
—— m,=300 GeV, 6,xBR;=1pb

< 2 b-Tag Control Region
—#— Data -

Landau Fit 3

% 10_\ T | T T T T T T T T | T T T T | T T T T ] % : T T T T
g ~ ATLAS Signal Region 7] U(D.) 10 ATLAS
8 8 fLat=20m! s=gTev ~* DA I e E
g n Fitted Signal + Bkds i 5 ~
N Single Higgs Boson + Bkd | m 1 g_
"” = Continuum Background - -
B i 1l
A ] E
2 4 F
n - N 1 T i L.
0 P B R | | T —— % F
> 100F ' : ' = O] i
& soF + <2b-Tag Control Region 5 & 10 =
N 60 1 5
2 40 ER i
c = E
L%' 20 = 3 L =
0 110 120 130 140 150 160 200 300
m,, [GeV]
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We observed something in July 2012

* Indeed the observation was clear! (60)
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We observed something in July 2012

: -
* Indeed the on ~TON Was cIeW

e But still not sure what it is.
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With full dataset in 2012

But also found that nothing around...

21th June, 2016 Seminar @ Osaka 61



LHC after 2yr shutdown

* Potentially we have tool to see what kind of air plane
there.

21th June, 2016 Seminar @ Osaka
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LHC after 2yr shutdown
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* Potentially we have tool to see what kind of air plane
there.

But.still | | :
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HL-LHC and next generation exp.

Should we know who is sitting on the plane ?
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HL-LHC and next generation exp.

Should we know who is sitting on the plane ?
Or should we search for another flying object?
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Difficulty of coupling measurement

* Define k parameters for each HVV
and Hff coupling, noted as k,, and k;
(e.8. K, Ky K. Ky Ky )

 Some loop process have interferences
among loop particles.

— SM assumption used :

(e.g. k,2=1.59-K,,? 0.07-K;?-0.66-K,yK, )

— LHC have potential to measure
individual k and test the interference
term.

 Need to assume Full width of Higgs
boson but can perform fit with the .. _
unknown or invisible component. ¢ wHow b

— Test if unknown or invisible is negligible

g
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Interference in Higgs production and decay

Production Loops Interference Multiplicative factor i
o (ggF) v b-t kg ~ |1.06- &7 +0.01 - ki — 0.07 - k&, S
o (VBF) - - ~ [0.74 - Kk +0.26 - &5
o (WH) - -~ ~ Ky q
o(qq/q8 — ZH) - - ~ K5
o(gg — ZH) v Z—t ~ 227-k5+0.37 -k - 1.64 - k7K,
o (itH) - - ~ K
o(gh — WtH) - W—t ~ 184 k7 +1.57 - kyy — 2.41 - KKy
2 2 4q VBF H—1(l)
o(gh — tHq) — W —t ~ 34-k; +3.56- ky —5.96 - k Ky
o (bbH) - - ~ K
Partial decay width
l—.ﬁﬁ 2z
rvw - - ~ Ky
r v W—t Ko~ |1.59 - kg +0.07 - k7 — 0.66 - Ky,
' - - ~ K
rbb _ _ - xﬁ
HH - - ~ xi .
Total width for BRpgy = 0 o
0.57 - ki +0.22 - kg +0.09 - x5+ =~ Yrw
Ty v - ki~ +0.06- k> +0.03 k5 +0.03- x>+ :
+0.0023 - k2 + 0.0016 - k7, + .
2 2 H-yyy
+0.0001 - k. +0.00022 - &
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Interference in Higgs production and decay

Production Loops Interference Multiplicative factor i

o (ggF) v b-t kg ~ |1.06- &7 +0.01 - ki — 0.07 - k&, S

o (VBF) - - ~ [0.74 - kg +0.26 - &5
o(WH) - - ~ Ky q
2

o(qq/q98 — ZH) - - ~ Kz
o(gg — ZH) v Z—t ~ 227-k5+0.37 -k - 1.64 - k7K,
o (ttH) - - ~ K
o(ghb — WtH) - W—t ~ |1.84- k7 +1.57 -k — 2.41 - kK 7 e
o(gb — tHq) - W—t ~ |34 k2 +3.56 - k3 —5.96 - Kk kyy —H
o (bbH) - -
Partial decay width
l-.ﬁﬁ . _
rww . _ _
HUGE interference
q , - 0.66 - kyk,
g q
Y
Y
/W
f
Y £0.09- 2+ B Yow
" L +0.03 - k2+ :
2
8 tH Hoyy 8 tH Hoyy 28 o
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ATLAS and CMS combination

* All the matrix of Decay / production modes are included except :
— ggF/VBF H->bb (difficulty of trigger and background rejection)
— VH/ttH H-> pu (Too small signal yield).

* Full combination describes ~ 580 signal&control regions from both
experiment.
— Total 4200 nuisance parameters (Systematic uncertainties) are included.
— Detector and acceptance related NPs are de-correlated.
— Theory(PDF, Scale, BRs) uncertainty are correlated btw experiments.

Decay / Production | Untagged VBF VH ttH
H-> vy
H—>7Z->4l
H2>WW->2[2v
H2>Ttt
H->bb
H-> up
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Bottom Yukawa coupling
* Yb @ 13/14TeV

Major search was VH,H->bb process in Runl New sensitive channel ttH, H=2>bb in run2

Adding 13TeV 10fblis enough for evidence Minor channel in runl due to small xsec.
> 7TeV+8TeV+13TeV : 3o(expected) 3.9 times bigger xsec in 13TeV collisions!
Note : low observed in 7+8TeV data... Need 13TeV 40 fb-! to claim 3o(expected)

May need full 2016 data ? Possibly evidence in full 2016 data ?

Can claim Yt observation at the same time!

g

Sl

d WK ->Iv bb 8 ttH H — bb
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Results Production and Decay (strength)

ATLAS and CMS Preliminary ——-ATLAS
LHC Run 1 - CMS
- ATLAS+CMS
— —+ 1o
: —=x 20
M —
ggF .
u f
VBF ;
2 5
WH -
Mo -
u
ttH .
u —_
———
IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIII
0O 05 1 15 2 25 3 35 4
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Parameter value

Yy

bb

ATLAS and CMS Preliminary - ATLAS
LHC Run 1
C Run ~CMS
- . - ATLAS+CMS
e — =+ 1o
———
T
— : Well consistent
i, ————  with unity!
i*
*i
—e—
—=
e
—o—é
*i
IIII|IIIIIIIIlIIIIIlIIIIIIIIIIIIII|IIII
0 0.5 1 1.5 2 2.5 3 3.5 4
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Results Production and Decay (strength)

ATLAS and CMS Preliminary —-ATLAS ATLAS and CMS Preliminary - ATLAS
LHC Run 1 - CMS LHC Run 1
-- ATLAS+CMS - CMS
B i —=1o - - ATLAS+CMS
M : — =+ 20 ;
F ————h—— ' - 8 ]
99 ——-—— I-lﬂ —_—
Mo — Well consistent
_ : uzz _._—-— with unity !
i i —
M .E —
— uWw —— Still have large error
W, : Direct Yt measuremel stay tuned !
e e—re— .
_ : 20 higher than|SM
u E
ttH K‘\ . /)J/_
g b measurement
u 4—-—— ub® o lower than SM
———
||||||||||||||||||||||||||||||||||||||| i ST T e P e
0 05 1 15 2 25 3 35 4 0 0.5 1 1.5 2 2.5 3 3.5 4
Parameter value Parameter value
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The Grobal Signal Strength

* Assuming SM ratio of production cross section
and decay rate :

p=1.09%1,
= 1.0970-07 (stat) To-0s (expt) To-03 (thbgd)o-0f (thsig)

~

Stat uncertainty and signal theory systematics are the same size.
(Signal Theory uncertainty is dominated by ggF cross section.)
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Constraints on Higgs coupling

Assume only SM physics in loops,
no invisible Higgs decays

Fit for scaling parameters for

Higgs couplingto: W, Z,b, t, T, U
E>|>' IR L AL R LR L ALY IR R LL] B
|£ 1l ATLAS and CMS tﬁ:
= LHC Run 1 Preliminary Z.-® 3
o - - ]
W i ',"“W ]
£ |>- 10~ — Observed ‘ -
S - SM Higgs boson -
2L ;
1o 1
- L :
: b 1
0% w7 E
107 =
Eold ol ol Lol .

107 1 10 10°

Particle mass [GeV]
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Constraints on Higgs coupling

* Several BSM physics modify the coupling ratio
between up-type and down-type fermion
coupling, and lepton and quark couplings

~ WY g
ATLAS and CMS Preliminary g of ATLAS andCMS i E
LHC Run 1 *GhEEWEd = T i 8;— Preliminary = Observed E
— . ' Us =
: AU
: 5 =
: 4 : i
i 3 Lo
] 2 Lol
5 950 s 0 0.5 1 15
:: 7\'du
=T Slight preference of positive

solution due to the low BR,,

] [ Ii [ | [l | I ] [ [ [l I H
1 75 - and high o(ttH).
Parameter value
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Probing BSM Higgs coupling

* Results which showed already are assuming SM coupling and
no BSM contribution to the loop and extra decay. =2 Fit
without this assumption allow to probe new physics effect!

— Used effective coupling instead of SM loop coupling.

i
1.06 -Kf +0.01 -K§ —0.07 - k:kp

— Allowing BSM Higgs decay (invisible and unknown etc. ) to
increase total width.

2 SM

Iy =
7 1 - BRggy
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Probing BSM Higgs coupling

ATLAS and CMS Preliminary v 2,|4TLAIIS ar‘]dc"ws C Oatas |
LHC Run 1 1.8 LHC Run 1 (Jcwms .
| i - [CJATLAS+CMS
‘ 1.6 Preliminary .
KZ -k, <1 —* - 1
V = ' 1.4? & . n
- BRuoy= : i /
Bsm=0 : 120 E
K —* 1o ———— B
W . L
—+2c ; . T E
| : Dominated hy ttH xsec .
E 0.8 ]
Kt ] * C
: 0.6 E
| : © xSM  —68%CL
0.4F sBostii ool .
Kq Z 04 06 08 1 12 14 16 18 2
— : Ky
K ® 8r
b i "% | ATLAS and CMS
— ; x 7FLHC Run 1 Preliminary
__‘__1_ Z —
Kq g : @ o
— : T % BRggu<34%
Ky ———t— al- (95% C.L.)
2 i (o] olme ‘."'
— ’ g
BR. . —— —> E
BSM :
111 I 111 I 111 I 1 11 I 1 1 1 I 1 1 1 I 11 1 I 1 11 | 1 11 I 1 11 1:_ -.__.""‘
0 02 04 06 08 1 12 1.4 1.6 1.8 2 |
Parameter value % 0.1 0.2 0.3 0.4 0.5
BRBSM
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More generic parametrization

 To make more general parametrization, i.e.
minimum number of assumption and with
minimum exposure to theory uncertainties.

Most generic model is signal strength model with
ratio (no assumption of full width):

- BR'
G-E.Bszu-(gg—}H—}ZZ)x( dl )X( )-..

UggF BRZZ

— Choose ggF—>77 as reference since it is cleanest channel
and has smallest experimental systematic uncertainty.

— These ratio exposure to dominant theoritical
uncertainty on inclusive cross section
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Result of generic model fitting

o(@g— |

H—Z2)

Oygr/ Oggr
OWH/ OggF
GZH/ GggF
Of Ogqr
BR""/BR#
BR''/BR%
BR™/BR%
BR*/BR%

ATLAS and CMS Preliminary :éﬂ‘éﬁs
LHC Run 1 -+ ATLAS+CMS
5 —z=1o
——— —= 20
——— Th. uncert.
_I*_
Lan
i .
. o
E ° &
— : s
——— @
————— <
- * Extremely small £
— Theory uncertainty '
—-.-r—
-
I|I|II|Ili|I|I||||I|I|I||||||I|I|I
0 1 2 3 4 5 6

-1
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Parameter value norm. to SM prediction
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* Largest discrepancy from

SM observed for
BRPb/BRZ%Z at level of

2.40.
— Driven by combination
of high ttH->leptons,
ZH—>2ZZ and low VH>bb
e —
- ATLAS and CMS =
9F LHCRunt1 SM expected E
8 Preliminary — Observed =
7
6 =
5 E
4f =
3=\ v/ s
2t E
— E
0= 75 2 25 3
BR"/BR*
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Discussion about theory systematics

* For the H>bb and Tt measurement, for instance, statistics and background
normalization systematics are dominant uncertainty in p. (these are reducible.)
* Theory cross section and branching ratio uncertainty is 8-15% level.

— Of cause LHC is hadron collider so production cross section (e.g. ggF) have huge
uncertainty.

— Butin bb and tautau measurement, VH and VBF is dominant production process and
which have relatively lower uncertainty(4%). = Non negligible BR uncertainty exists.

ATLAS Preliminary :z((ggastigc_) Total uncertainty
my, = 125.36 GeV G(ttnzg?y) ticonpu
H - bb N |
we03lle |k
H- 020 : Lo il
|
R B I RN
\s=7TeV, 4547 fo’ —1 0 1 2 3
\s=8TeV,2031b" Signal strength (u)
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Discussion about theory systematics

* Higgs BR uncertainty which currently we are

assigning to all of our results :

BR LIncert[%] LIncert[%:]
H — bh 0.577000 3.21 -3.27
H— 11 0.063200 571 -5.67
H— pp 0.000215 B.01 -5.86
H— cc 0.029100 12.17 -12.21
H— sz 0.0002 46 4,58 -4.56
H— tt 0.000000 O a
H— gg 0.085700 10.22 -8.95
H— yy 0.0022580 4.98 -4.89
H— Zy 0.001540 9.01 -8.83
H — Wy 0.215000 4.2k 4.2
H— 27 0.026400 4.28 -4.21
MH[GeY] 4.07E-03 3.97 -3.93

21th June, 2016
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Evaluated by HDECAY&Prophecy4F

The uncert. are defined as a linear
sum of PU and THUs.
PU ... parametric uncertainty.
o, Am,, Am_and Am,
THU ... Theoritical uncertainty.
QCD and EW scale
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Are these irreducible ?

e Uses pole-mass for charm

and bottom

How to reduce this ?

29

* Break down of branching

ratio uncertainties.

Parameter  Central value Uncertainty  MS masses mq(mq)
as(Mz) 0.119 +0.002
Me 1.42 GeV +0.03 GeV 1.28 GeV Channel Mu [GeV] I'[MeV] Aa. Amy Ame Am: THU
my, 449GeV  £0.06 GeV 416 GeV 122 230 33% T33% oo% -oo% -—20%
e 1725GeV  +2.5GeV 165.4 GeV H — bb 126 236 (3% La2% ~00% -00% -2.0%
B0 a4 2% vam oo Jem o
122 2511070 00 FOOE 00w Toln Taon
* THU uncertainty is “2% H -t 126 2501071 FO0% +0.0% +00% 40.1% 42.0%
— Is reducible by higher order calculation ? 130 267107 toor “oox Toow Toux ron
Table 2: Estimated theoretical uncertainties from missing higher orders. 122 8.71-10~* iﬁjg:ﬂ iglgl :Eg:j _:E:it'f tig
Partial width QCD electroweak total H = un 126 8.99-107 1:: :1 i::i[: -:::'I'E; _E:T: 1:’::
H— bb/cE ~01%  ~1-2% for Mg = 135 GeV ~ 2% 130 9.27-10" -t::;:é'_r ii.:g :E{[;':r :[c:él'; tégr
H s vhe /i ~ 1-2% for My S 135 GeV ~ 2% 122 116107° Tror 1oi% aow 01w —sox
H = (T <5% < 2-5% for My < 500 GeV ~ 5% H — et 126 119107" 750 toix Toix fiow
~01(E ) for My > 500 GeV  ~ 5-10% 130 122107 % i 1=
Mo e s 1% <3 22 32510 HOO%—0n 430
0=y <1%  <1% ~ 1% H — gg 126 3.57-107" fo0% To2% 30
H— 7y <1%  ~5% ~ 5% 130 39110 too% 0% a0
H— WW/Z7 — 4t < 05% ~ 0.5% for My < 500 GeV ~ 0.5%
~ 017 (1o )t for My > 500 GV ~ 0.5-15%
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Are these irreducible ???

e Uses pole-mass for charm

and bottom | * Break down of branching
How to reduce this ? ratio uncertainties.

Parameter  Central value Uncertainty  MS masses mq(mq)

as(Mz) 0.119 +0.002
Me 1.42 GeV 4+0.03 GeV 1.98 GeV Channel Mn [GeV] T [MeV] Aa:. Amy Ame Amy THU
mb 449GeV  £0.06 GeV 4.16 GeV 122 230 3% l3am Coow “oo% ~zo%
m 172.5GeV  +2.5 GeV 165.4 GeV H — bb 126 236 2% Lo So0% oo —20%

+0.0% 42.0%
—0.0% —2.0%

%
W
% +0.0% 42.0%
oo —01% —2.0%

Channel Mu [GeV] T [MeV] Aa: Amy, Ame Am¢ THU

o5 +0, 1'% + 2. 0%

, —-23% +32% +0.0% +0.0% +2.0% [r -01% -—20%

‘)7 ‘) Lhed 4 % 2 D9

122 2.30 +2.3% -—3.2% —0.0% —0.0% -—2.0% Mx ‘oix 1cox

2.3% +3.3% +0.0% +0.0% +2.0% Q% +01% +2.0%

. 2 b % —0.1% —2.0%

H — bb 126 2.36 +$2.3% —32% -—0.0% —0.0% -—2.0% Q% soo% +20%

: : = 574 = — - - - y 572 ki =0.1% - 2. 0%

Partial Tldth 130 2] 47 —. 2 ‘ -+-J 2 - *—U.U‘/'« - U.U‘.:« - 2 0 .i 9%, 40.1% +Q.iJ':F

H — bh/cT o +2.3% —3.2% —0.0% —0.0% —2.0% ; —g-g'}?- —?;-g‘j

o +0.0% +2.0%

H— w7~ /u 122 2 51-10— 1 +0.0'x( +0.0% +0.0% +0.0% +420% Jr -01% —20%

H T e oorx i +0.0% —00% -—-0.0% -0.1% —2.0% Jr *o0% +2.0%

7 ¥ . 5 ) X -1 +0.0% +0.0% +0.0% +0.1% +2.0% g% +01% +2.0%

" H—1"1 126 2.59-10 +0.0% —0.0% —0.0% —0.1% —2.0% f—e—22

oo — = > 310G 2 (o7 % +0.2% —3.0%

7 £7.10—1 +0.0% +40.0% +40.0% +0.1% +2.0% [ +02% 307

H oy 130 2.67-10 10.0% —0.0% —0.0% —01% —2.0% i 702 sox

H — ZY : . — A4 1% I —n flldj :_E': ?If: t{g:’
H— WW/ZZ = 4f < 05% ~ 0.5% for My < 500 GeV ~ 0.5%

NO.I?(lﬂiH\ }4 for My > 500 GeV ~ 0.5-15% Thls ShOUId be Crltlcal for ILC...
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EW Gaugino search

* Direct Gaugino search \ e
In case sgark gluino are too heavy N

Light EW gaugino is expected 7 E"fl*""
(Naturalness? Darkmatter?) -

o, - ATLAS Preliminary === Observed limit (t15j-=) |
= F25{} [ J Ldt=20.7 Ib'1, \s=8TeV -——-- Expected limit (1a,, ) 7
F W E

ATLAS 180 1L, {s = 8 Tev

C o ome= All limits at 95% CL
B % mi; -
200 — :

) ?‘m lr..‘ - e

- Same-sign
di-lepton

100 150 200 250 300 350 400
o(W2z2)~20pb m( }Cl_ y XZ ) Mo - [GeV]
o(¥*, ¥° )~0.5pb @200GeV
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R = 1082 mm ’\

Neutralino

Disappearing track-
The mass of ¥*and X are degenerating ;‘i::?:m
( Am;. ~160MeV), ¥* have long lifetime

(cr o)iji)cm) R= 299

¥* decayed in the ATLAS inner tracking detector
then observed as disappearing track.

{R=122.5mm . =
Pixels { R = 88.5 mm ?
R =505 mm —

Chargino

= 1 05 E 1 T T T T T T T T T T T T T T3 R =0mm
QO E o —e— Data 3
) 04 - ATLAS Prellmlnary siimiintn Total background ]
— 1 = Interacting Hadron E 4 =
E = —~ g mmmmmes p_-mismeasured track 3 JLdt:20.3fb N5 =8Tey tanf =5 >0
[&) 1 03 = BTEV, JLdt = 203 m """"""" Electron = S‘ 200 [ Il-‘ [TTTTTTT Observed 95% CL limit (+1 Gmeom’)
E -« m;ﬁoj 200 GeY 1.=07ns 3 % 0 A e Expected 85% CL limit (+1 5,
2. =200 GeV T1i=02 i = 5 werssmenin - ATLAS (F5 = 7 TeV, 4.7 o™, EWprad )
10 = e I 2 — 300 GZ\/ zi -10 22 EE é?é_']go 1 P LEP? exclusian
= % 3 b 4 Theory (PhysLettB721 (2013) 252-260)
10 e SO —= . TEEEZEEZ 'Stable! x
E [t P ” 3 ) . -
;/ s ] 180 ATLAS Preliminary —
1 4 E ‘.‘ :
77 . ]
10 7 170 =
D) - E
10 3 160 ]
107 ]
25 T I 160 ., . ]
= || | N
L 1 g ¢1| 1. ® FY -
= .1 .o 000 o ol | % L .9 .
S 05 P2 R s st 140
0 I L | , L L lll ]l ! L1 1 bt i A A A A
20 30 40 50 100 200 300 1000 100 150 200 250 300 350 400 450 500 550 600
Track p_[GeV] m. [GeV]
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5-1 000
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Stop @300/3000fb

Vs=74 TeV/

A ILASI émfl}u,’la a‘lf'oh ;Ic’reffmfjnar

0 and 1-lepton combined

=300 fb! (<u>=60) 50 discovery

=300 fb" (<n>=60) 95% CL exclusion
=3000 fb'1 (<pn>=140) 5 discovery

13000 b (<u>=140) 95% CL exclusion
CJATLAS 8 TeV (1-lepton): 95% CL obs. limi
CJATLAS 8 TeV (0-lepton): 95% CL obs. limit

TIIII|IIII|IIII

200 400 600

2016

800
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Chargeno/neutralino @ 300/3000fb!

= 600r — . . .
& - Is= 14 TeV ATLAS Simulation Preliminary
£ £ool_ -=== 3000 fb™ " exclusion, 1 = 140
B -=== 300 fb ™' exclusion, | = 60
4002 8 TeV, 20.7 fb ' exclusion
- 3-lepton channel U Ll PR,
5 —t -0 5.0 .-"# kY
300—_ A AWJL% z % ’;- E
: mﬁ? = mN}{: "lf“'"' """"" 'n‘ “'
B i' ,f"' ‘.. :
2 00 __ ‘; ‘¢" 'l‘ =‘
B f"' »* ‘\‘ ‘.‘...
B : W a -
100 —ae? .7 2 :
| & ] ]
B ¢ - -
_|||||||||||||||||||||||||||;||||||||||||||||':r|||||

g0 300 400 500 600 700 800 900 1000 1100 1200
M., mﬁ[GeV]
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