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New particle = SM Higgs boson’?
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* Interesting mass range, but: What is the mass exactly?

e Observed H = bosons, what about fermions?
e Spin & couplings?

 Production modes”?



MVass Distributions

* High mass resolution: only H—=yy and H—=ZZ—4| matter

e [ ow resolution:

e Ho 1t and H=WW-=Ilvlv suffer from final state neutrinos
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Mass measurement calegories
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resolution
channels

Events / 2.5 GeV

H—bb measured in jets (less precise than photons and leptons)
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Mass Distributions

High mass resolution: only H—=yy and H—=ZZ—4| matter

e [ ow resolution:

e H- 11t and HoWW-=Ivlv suffer from final state neutrinos

* H—=bb measured in jets (less precise than photons and leptons)
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Measuring the mass: Calibration
Of iﬂpUtS 8 R s

Good understanding the energy/momentum scale
for photons, electrons and muons is critical!

- use Z—up/ee, J/¥Y—=puu/ee for pand e
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calibration
- also useable for photons + Z—lly 0.997E- Data 2012, 1s=8 TeV
0.996 J-L =203
0.995 a1l i " 12
- in-depth calorimeter knowledge 10 Ay
9 0'02>_ L A LA A A A (R A T T T T T T Y 9 0.02_v T T rrrr [Ty rrrr [Ty rrrr [ rrrryrrrrrory
© - - © - ‘e -
? 0.015F Unconverted photons . ? 0.015F Electrons, i|<0.60 I ;/W _)'e_e .
< - —4— Data E < - o :
0.01¢ Calibration uncertainty . 0.01F Calibration uncertainty
0.005F- + = 0.005F =
o TR S E o T — E
-0.005 = -0.005 -
0.01E = 0.01E =
0.015E A114s \s =8 TeV, der =203f0" 0015 AtLAS \s=8 TeV, ILdt=20.3 o'
_002:11L I S S T S Jllklllllllq _002:“1““1 TS IEFET A I A | L“l““l““l““d
R 20 30 40 50 60 Y710 20 30 40 50 60 70 80 90 100

4
E, [GeV] E, [GeV]



I'he mass spectra
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e Use maximum likelihood estimator for my

 NB: Each channel has more than 1 category (2 plots = simplification!)
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ATLAS results
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Mass measurement [GeV]|

H — ~~
H — ZZl1l1ll

125.98 -
124.51 =

- (.42 (stat)
- 0.52 (stat)

+ 0.28 (syst) = 125.98 £ 0.50
+ 0.06 (syst) = 124.51 £ 0.52

Combined

125.36 =

- 0.37 (stat)

+0.18 (syst) = 125.36 £ 0.41

ATLAS measurement (stat. limited!)
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CMS ATLAS combination

do

If‘YY']VYYY]YYYY]YY'YT< CI YYY]YYYYIVY'Y'YYYVIYYYYI‘llY'YYYY]YY'Y:‘
- ATLAS and CMS Hory . E ATLAS and CMS —— ATLAS .
o — H—2Z -4l - A 6 CMS -
- LHC Run 1 Combined yy+4l kEI LHC Run 1 -
S e Stat. only uncert. . — ~— Combined .
- < 5 _
o N = N
. . o .
e Ak e — 4 — e e —
= = 3F =
- . 2 -
- = 1 E
I 1 i 1 . 1 l 1 1 1 I I O Hx RN B 3 RS B RN | l'-»l_“‘ | L_f'xﬁxrv
24 124.5 125 125.5 126 -2 -15 -1 05 0 0.5 1 1.5 2
YY !
m,, [GeV] m]/-m{; [GeV]
L] 1 ) L] l L 1 L L] l LJ L] L L] l L Ll L L I L 1 L L | I L] 1 L L] I L] 1 L L] I L 1
ATLAS and CMS —e—i Total Stat. 1 Syst.
LHC Run 1 Total Stat. Syst.
ATLAS H-yy p——a——] 126.02 +0.51 ( £ 0.43 £ 0.27) GeV
CMS H-yy —— 124.70 + 0.34 ( £ 0.311 0.15) GeV
ATLAS H-Z2Z -4l b - { 12451+ 052 ( £ 0.52 + 0.04) GeV
CMS H—ZZ -4l e 125.59 + 0.45 ( + 0.42 + 0.17) GeV
ATLAS+CMS yy I-EF-I 125.07 + 0.29 ( £ 0.25 + 0.14) GeV
ATLAS+CMS 4! I-—iE—'I 125.15 + 0.40 ( £ 0.37 £ 0.15) GeV
ATLAS+CMS yy+4l P-?-l 125.09 + 0.24 ( +0.21 + 0.11) GeV
A L L ' l L A L A l A A L A l L 1 L A l L 1 L L l L 1 L A l A L L A l L A
123 124 125 126 127 128 129

m,, [GeV]



Mass measurements and
electro weak vacuum stability”

Extrapolation to planck

scale: is the electro weak

vacuum stable?

Depends critically on

values of mip and me.
PLB716 214-219, Alekhin et al.
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Sketch of What the Standard Model Predicts
Energy of for a Higgs particle with a mass of 125 GeV/c’
Empty Space and a top quark with a mass of 173 GeV/c¢’

Our Vacuum

Still consistent with stable
vacuum

Need more precise
measurements, e.g. ILC

if meta-stable, maybe life-time of
! EWV longer than age of
* Universe???



Couplings to bosons AND

fermions?

Observation of new particle by f#=7
ATLAS/CMS decaying to ¥y,  wl ¢/
ZZ, WW (all bosons) B
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particle couples to vector
bosons

* coupling to fermions only indirectly seen in loops:

[ C I, (b) w

g "0000000) 1 SF « S0 Gearch for H—ff
s AAARA zx‘/ \\”‘ VM"-"
t A cem KO W By : important to establish
(C) Y
5 0099990 0§ el direct ngg§ to fermion
N couplings!



H—1f searches

Advantage: large branching
ratios

Disadvantage: bb and rt are

hard to distinguish from jet
background

Use more distinct production
processes to decrease
backgrounds

WH/ZH production for H—=bb

¢ |eptonic or neutrino decay products
of W/Z reduce backgrounds
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VBF production fbr H—1t

¢ \/BF jets (forward & separated) help
distinguish signal from background



CMS H—bb

Main decay modes:
WH=-Ivb, ZH—I+I-bb, ZH—VvVvbb

Require: 2 b-tagged jets and
1 lepton + Er™iss or oppositely charged lepton pair in Z mass window or large Egmiss

Split in categories of ptV (V=W/Z), exploit differing signal to background ratios

In each category use BDT to separate signal from background,

using Mpp, PT1Y, b- taggmg angular separation
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CMS H—=bb
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ATLAS H— | "
ot J < 74

Production ggF and VBF

. . ggF H d VBF H->t't
All tau decay combinations
%/ll %/l»l v
h v D h T 1)) h T h
T 1e)/ T v T v
lep-lep: 12.4% v H lep-had: 45.6% h had-had: 42.0% h

® categorize events into categories sensitive to ggk and VBF
production

e build boosted decision tree based on kinematic variables to
separate signal from background
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Event CateQOHes

& 300} rwz,‘,p VBF aTLAS
2 - \s=8TeV,203 10" Pre-fit ]
g 250 -+~ Data —
VBF category $ o ] g —
. . r Bl (i+single-top |
) -
2 hlgh pT jetS 150" =S;z:rlpmn :

Uncert.

® large separation in n
e better S/B ratio

And, 1)
Boosted category 5 cemmee e
esensitive to ggF G200 3
events with extra jets o -
* Higgs at higher pr to 1 et
balance jets = 500
‘boosted” = taus

closer together AR(E, T)



D| -tau mass

Due to undetected neutrinos mass
met fully constrained.
Need to infer through Eymiss

> 0.22;

I | I I

T 1 I I 1 I I 1 1 | ] 1 | I

8 0 23_ TeoThag BOOStEd ATLAS
— Moo (£ —7TT) =

€0.18
wn

90.4 GeV -
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21T
H(125)—1t

mpeak(H—)ﬂ) =

—

FWHM/m_,, = 30 %

Lol 1

150 200
MMC [GeV]

50 100

K KtO reconstruct di-tau

reconstruction

mlssmg Mass calculator (MMC\

* Assumes Ermiss only due to
neutrinos

e takes into account t
probable neutrino ki

Ne MosSt
nematics

MassS j

Typical resolution for Z—= 1t

channel mass resolution
lep-lep 16%
lep-had 16%

had-had 14%

MMC mass is the most
separating in BDT
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Events / 0.11

Data / Model

BD | outputs

lep lep
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BDT output

BDT output

Events / 0.4

Data / Model

had had

L T ] T 1 T 1 I’ 1 T Y I
o[ ThadTnag VBF —¢- Data
10 P — H(125) (n=1.4)

B Others
P Fake t
~- Uncert.

1.5}
e v
0.5} 1
1 05 0 0.5 1
BDT output

Clear excess of data above background prediction

Excess consistent with SM Higgs prediction
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Resu\ts
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Significant excess of events seen across all datasets, channels, categories
observed (expected) significance corresponds to 4.50 (3.50)
best fit signal strength is p= 6/6SM = 1.42+0.44-0.38

CMS: 3.20 (3.70) evidence for H—TT decays CMS/AT'—Agggmb'ﬂa“Oﬂ

17 —> Discovery!




Signal strength

summary -
 Signal strength _,
u=measured/SM :
+ all channels seemto M
be consistent with the
SM expectation ue
ubb

global ATLAS+CMS:

p=1.09"010 = 1.0970°07 (stat) To0s (expt) Fo03 (thbgd) ™o oe (thsig),
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HIQQgs production

ATLAS and CMS Preliminary ——ATLAS
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Higgs boson coupling scale factors

Measurements so far are always mixing different production
processes, production and decay, and tree vs loop level
Higgs couplings, €.9.:

g (ORI ok —
| -
e HC-- ;4 . M
) H
g J099999 VW N ; I

|

oroduction & decay mix fermion/boson & tree/loop mix

Can separate out effects by using coupling scale factors k;

sz 2m§ ——\Emf Zmé
Guy = ’ Guw = = ngfz‘K‘f" T 9w = | Ky |°

D

SM:MZI
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Sca‘e (rr-BR)(ii—)H—)jf):(T”l:—”l‘ﬁr

Introduce parameter K; ks parametrizing new physics

factors s

Example: ggH — yy

9 9
Al
(0-BR)(gg »H—yy) = osu(gg— H)-BRsu(H = 17) - =5
H
A 2
OggH { K;":(M,.Kt.lll”) l'wwie) ; I'ys : SF for total width
“ — 3 . < —T — K
el s T oM =
”:_iill xf.m;( KW.KZ.mH) |‘77... - ['gg
7V il 3y also useful to
2 22
SM Kw . 'z , ;
Iy, = ® fix parameters
OZH 2 M b T
™ = (s to same value:
TitH 2 ol K= I‘i;“ )
. = K [SM_ t s _— —_—
?f\lll t o Lt _ K2 Kv = Kw = Kz
I'S.\l T
o Kyv=Ks=K
. R | | V— A — At
T { xi(m,.xt.xt.x\\-.rn”b S . —
o R undamental parameters: e.g. to test
. 9
7 Kiz.y (Kb Kt Ko, KW, 110H ) Kw., K7, Kph, K¢, K;
B { & ‘ boson vs
Y Y

. fermion
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HIQQgs boson couplings

Define kv positive: most processes are not sensitive to relative sign of «r

-l N 1 I l 1 1 1 1 I 1 I 1 1 1 I 1 ] 1 1 i W LI L I LB I L ' T ] LI I LB I L L L
. n v - .
2p ArtaAs and CMS . 1.6 ATLAS and CMS -
- un ] CIHC Run 1 e i
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1 MH-2z r - " ]
- [CJH->ww - 1.2 —
0.5E IH-bb | ! :
- [ JH- . s
O:_ (] Combined B ln B
R () 1 o8 -
1= r - )
~1.5F E 0.6p [JATLAS -
[ *SM  —68%CL ] | *SM  —68%CL [JCMS ]
—21 + Best fit --95% CL - 0.4 + Best it ---95% CL [CJATLAS+CMS
» 1 L l 1 L 1 1 l 1 L 1 1 1 n Ll Ll l L AL L L 1 LA Ll l LA Ll l LA L 1 l Ll Ll l Ll 1l 1
0 0.5 2 07 08 09 1 11 12 13 14
K, Ky
. . . ", oy ’7
Destructive interference in H—yy -
H « W
decay loop breaks degeneracy {
oy
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HIQQgs boson couplings

Define kv positive: most processes are not sensitive to relative sign of «r

,._u_2.5IITIIIlllllllYl]ll]]IIIIIIIIIIIITIIIIII W ITITIIIIIIIIYIIIIIIIIIIIIIIIIIIIII
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HIQQgs boson coupling
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HIgQgs boson coupling
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Non-SM contributions?

Effective Higgs-gluon or Higgs-photon couplings can be
altered by non-SM contributions in loops

ATLAS and CMS Preliminary
2.-| l | L I L I | L I L l L L l L I L I L l- LHC Run1
- ATLAS and CMS [JATLAS | :
1.81 LHC Run 1 L]CMS E Kz| -k, <1 .l
- Prelimi D ATLAS+CMS . | BRgq,=0 :
1 6’: renminary — K —_—+ 1 __._
F e W —+ 20 :
1 4_’__ - Kt *
1.2: — K. ———
3 : .
- %o f
0.8 — — §
- ....’.. ':- i Kg —*—?—
L *SM  —68%CL ] Ky ———t—
0.4 + Bestfit --95% CL - . '
Co b by b s boa s Lo s boa s bya g by gy BR P S
04 06 08 1 12 1.4 16 1.8 2 BsM{

1 12 14 16 1.8 2
Parameter value

K 0 02 04 06 0.8

Consistent with SM



S p | | ' a I I d p a r | ty Portrait of Peter Higgs by Ken Currie, 2008

* SM Prediction for the Higgs boson: JF = 0+

* Simple Alternate Hypotheses:
Pseudoscalar: J7 = 0
Vector, Pseudovector: JF = 1- 1+
Tensor/Pseudotensor: JF = 2+/-

 Complex Alternate Hypotheses: admixture state
.e. |[Higgs ) = a |even-parity ) + 3 |odd-parity )

fo s

* Likelihood ratio (based-upon hypotheses) often
the final test statistic

NB: Particle is a boson, otherwise decays to yy, ZZ WW
(conservation of angular momentum)

Landau-Yang Theorem: S#1 if it decays to di-photon

20
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Collins-Soper Frame

use Higgs boson rest-frame

define Collins-Soper axis as bisector
between two proton vectors

Collins-Soper angle: between outgoing

photon and axis -p
minimizes effect of initial state radiation
. 1 2 — R . .
sinh(An?”” 2p? — 0.14F | | | -
|cos 87| = Cidel pszT %012: ATLAS Simulation
J1+ @7 Imyy)2 ™y S| s-sTev  —fEm
0.1+ J=2" « =0 =
. E i p?<1 25 GeV — J=2° l\q-2k i
Before selection: Z 008 o -
S=0: isotropic (flat distribution) 0,065 HE
S=2: depends on qg/gg fractions oo L
100% gg : an =1 — 6cos® 6% + cos® 9* 0.02- L
d cos 0* H |
100% 47 : - Cd(jvo‘ — 1 — cost B % 02 04 06 08 1
S '/

|cos(6”



Distributions

— L T T T I T L T T I T T

S . . o 0147777 -
(;g‘ 0.1 ATLAS Simulation - ‘8’ - ATLAS Simulation ) " . .
R D I L SN Check distributions of
> —f:§: :::gk s 0T pr'<125 GeV _§:§3 o2, ]
’ = et B YY
1 S oo 4 PT and ‘COS(G*)‘
0.06f .
0.04}
021 ) 0.02} -
%50 100 150 200 250 300 %0z 04 06 08 1 hlgh pT Ca’[egory
p; [GeV] |cos(6*)]
= 0.5 T T T T T T T -
S - @ Dl ATLAS .
E 0.4 - —J=2 Kq=Kg 1 -
g) - j:jfgj :},ig. \s=8TeV,20.3fb P -
O L
Use background subtracted © °%¢ =
distributions 02 + B E
: : T —— -
Form LLH ratio for hypothesis  olg—==——+ B
:J 1 | 1 | | | | 1 | -

1
Ct C2 C3 C4 C5 C6 C7 C8 C9 C10 C11

o8 Category



H— /L

Exploit full angular correlations of decay
oroducts, very sensitive to spin/parity of

o2

parent partlcle

= T | T
Q18 ATLAS

- TTTT T T LN B T

ATLAS

|

<
S ; ¢ Data B 25 * Dala .
; 16‘-=Backgroundzz H—ZZ*—4l % r =Background Zz" H—ZZ*—4|
= Background Z+jets, tt ] . [ Background Z+jets, tt |
£14F * s=7TeV, 450" £ 20 * s=7TeV,45M0"
uJ :r JP o SM -1 w r JP = 0' SM 1
12 £uo s=8Tev,203 [ £uo s=8TeV,203 M
10F . 19

.‘:‘; 2: * Data ATLAS 0.12
g . ) Signal S = 0" SM H— ZZ* - 4l
%‘ " Background ZZ* + Zjets 1S=7TeV, 451" 0.1
’_Ri I 1s=8TeV, 203" '
s = B {008
. . . . - = j=]
Combine kinematics into MV- ost 1 IZEEINNREEEEE |
A - = = NN OoOeE C N
discriminant o0 DIIZEEEERSSEIIIIII L,
) «mwmmramfd s "=
train in different hypotheses osf IITEEREERIIZIITII L,
N AL 515 El.r: Ef :11; :11: :1: tl: 1 o
29 b 01 02 03 04 05 06 07 08 09 1

J*-MELA discriminant



H—=WW

Higgs boson, spin-0 PR -
S 03" amas — 2 kground E
S 0.05- §=8TeV, 20310 e P2 k =k, E
= F H—~WW",n=0,en Jz= k=05, k=1
2 0.2 - g = .kg=1.kq=0 -
4 - - N
w W 0.15— -
4+ — : :
L — — : :
spin-1 spin-1 005 . :
o= enaatans. e e S
10 20 30 40 50 60 70 80 90 10C
2 x spin-1/2 2 x spin-1/2
2 I ’ ]
. _ 5 03 anas — ?3§kgjound -
6 | — 6 50.255_ \s=8TeV,203f0" ... - 2" kg =K, -
Y v = - H—>WW",n=0,eu J:= Lk, =05k =1
E 02-—_ .o J = .'kg=1'kq=0 -
For s=0, both charged leptons 0.5 -

emitted In same direction

preferentially

—> can be exploited

o
-
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Arbitrary normalisation

Hypothesis testing

Form likelihood ratios for ditferent hypothesis vs the
SM one.
Use CLs (see last week) to exclude

—r
o
N
I l‘”lﬂl 1 ITH”I] 1 ITH”I] I ll””l] I ll”lﬂ[ T

: ] l ] | 1 I I | 1 I 1 I LI | I l ] | L I ] I 1 I I : g ] I ] I LI ] I ] I | I | I | I ] | ] I l I LI |
ATLAS H— ZZ* — 4l 1l 8 (0oL ATLAS H— ZZ* — 4l
s=7TeV, 451’ 5 © s=7TeV,451b'"
— Data s=8TeV,20.3fb £ 102 —— Data s=8TeV,20.3fb
R ] +
—— 0'SM HoWW s ewuv 3 S — 0" SM H — WW* = evuv
""" 0 s=8TeV, 203 ft' § 10 2" (q=xo) s=8TeV,20.3 b’
] 3 | Ho 7y
1 < S=2, universal s-7tev.asw
: s=8TeV,20.3fb’
£ coupling
E 10 RO
"
| 10 |
|
10° ;
£ 10 i
10-5 L L l J | H- 10-5 l'gi [ | 1 1
-30 20 20 30 -30 -20 10 0 30




CI\/IS resu\ts

X = WW 19.4f0" (8 TeV) + 490" (7 TeV)

gg production dq production

all data point to QNs consistent with the SM Higgs boson
non-SM admixture states not fully excluded
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HIQQgs production and ttH

my = 125 Ge
31& .j 1 I T T l ) I ]’ | 1§ l LI ] ] I ] 4 LI t,. g Q
g F 18 Q004
< | o —» H (NNLO+NNLL QCD + NLOEWD 13
T ‘\--g\ Ao #H  gluon fusion
1 10 + —
g : > g RO
5 A .
i o qAH (NNLOQCD # NLO EW) ) q /'/
- . - \ L/j ZIW
14 - WH (NNLO OCD + NLO EW) 1, o vector boson fusion
: K (main mode for H—>1r)
S
G T
\

W/Z

top associated production W /Z associated production

direct access to

Yukawa coupling
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g = t

ATLAS ttH :

Higgs and 2 tops in final state
—> spectacular signature

>
o

Iz

>

Problem: low cross-section, top

g < i  pair background
g 105? ATLAS ;Data 8 5___"_Data I AITLAS T E
® . ttH (u, =1.5) B _ _ - 1
§ i ttH (zw ,=3.4) g i Background fit :;EH— Z TeV. ﬂ-dt—fo.3fb1 ]
(w % excl = 4 yH—yy, m,=125.4 GeV -
10°E Bkgd o - eeeees u=14 . -
- ( i 8 TeV leptonic category ]
; 3 | 3
10°L - tt(H—vyy) |1
- tiH (H—bb) 2:_ _:
- \s=8TeV, 20.3 fb" - ]
10°E . {—o—o— R —— -
- Combined » b ]
:SingleleptonandDiIepton :,.1..,.111,11,.1.|..1,1...d
110 120 130 140 150 160
. 1%*5 m,, [GeV]
> 1.6 [JtiH (u =1.5) + Bkgd. L
D 145 T (. -3.4)+Bkgd 95% observed (expected) limits on
(U 12 7o @XCI. g . .
g9 signal strength
-4 35 -8 25 -2 -15 -1 -05
g (S/B) 6.7 (4.9) x SM for tt(H—vyy)
a1 4.1 (2.6) x SM for tt((H—bb)




-2AInL

CMS ttH

CMS Vs=7TeV, 5.0-5.1fb"; Vys=8TeV, 19.3-19.7 fb" 5 Channels bb’ TT’ XX’ WW!ZZ

gf— \ ttH, H— bb,tt,yy, WW, ZZ
- + — Observed fs =7 TeV, 5.0-5.1 fb”; (s = 8 TeV, 19.3-19.7 fb’
- m, = 125.6 GeV ’ -

7:"_ u - 2 8 +1.0 "‘ - Expected R u n 1
- fiH = -0.9 =

61
- Thtn [~ L

5:— 4 — .

4; 3l — B

3:_ Same-Sign 2| — L
E Combination — ——

o PETEETEN BRI IS SRS SR Sren S SR SR SR R
n 0 8 6 -4 2 0 2 4 6 8 10
b Best fit o/og,, at m,, = 125.6 GeV

1
: | 1\1\‘1-._.[ &'1’ Ll l Ll | I T l ) I l | - —  — +

% 1 2 3 < 5 u IJ‘ - 2'8—1 '0

ttH

p-value: 3.40
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CMS ttH

5 channels: bb, rr, yy, WW,Z/

CMS Preliminary 23" (13 TeV)

—=- Observed fs=7TeV,50-5.11" (s=8TeV, 19.3-19.7 fb’
m =125 Gev -EXp(68°/o) s=71eV, 5.0-0. yIs=08 leV, 19.3-19.
Run 2 H & Exp. (95%) | —
Run 1
u
trilepton | T, — -
n<11.7 (5.4 exp.) ,
4l - —i
: 3l - |
dilepton |
n<2.1 (2.7 exp.) L
Combination — .
RN BTE R BT SR S ST ST ST SrErare Sra AP BPETETE SrErEr S BrErare ST
bined -10 -8 -6 -4 -2 0 2 4 6 8 10
C(Lm< 3.3 (2.6 exp.) Best fit o/og,, at m,, = 125.6 GeV

2 3456 10 20 30 -
95% CL upper limiton u = G/O'S u=2.8+1.0

p-value: 3.40
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Fat jets for a light Higgs

"Plehn, Salam, Spannowsky)

06 b do/dmyg [fb/5 GeV] ttH -

Top decay //q o

3
-
- e \
I.IJ - L AN
- RN N
. - r’ o ¢
g 0.2 [N AN
"’ TN A SN AN
- 1}
-
-~ AR . 1\

- [] ti (matched)
600 [ i (not matched)
_ [ Single top

400 3 Syst. uncertainty

Reconstruction 200 P
= 2
n ’
boost 3 3 :
O 20 40 60 80 100120140160 180200220240

Top quark candidate mass [GeV]

Hadronic tops with HEPTopTagger,

at rest fatjet method from HD theory, applied by
36 HD experiment!




Fat jets for a light Higgs

/Plehn, Salam, Spannowsky\

06 | do/dmyg [b/5GeV]  tiH mmmm |
Top decay ///2*///ﬁ N
.. 0.2 |
t /”,,

-~
-

Ldt=203fb" \s=8TeV
EPTopTagger, C/A R=1.5

JI'MNOTFAT

—
o
o
o
I RRRNRERERE
I “—

- [] ti (matched)
600 [ i (not matched)

\ A _ [ Single top
£ N T 400 __[_] Syst. uncertainty
)’i ATL AS ’ - — Exp. uncertainty
EXPERIMENT - Mod. uncertainty

Tt ————

Data/Sim.

20 40 60 80 100120140 160 180 200 220 240

Top quark candidate mass [GeV]
Hadronic tops with HEPTopTagger,
method from HD theory, applied by

36 HD experiment!

at rest



HIggs self coupling

Reminder, Higgs potential:

What are the lambdas?

EHiggs = D ¢TD#Q§ V(¢)
V() — 12l + (as* )

After electroweak symmetry breaking can be expanded

{O: 1

Y = ZM{h® + Avh® +

2

SM expectation: \ =
be veritied

5/74
4

= M7 /2v? ~ 0.13 needs to
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g o h

Self coupling

g “h
* h3term might be measurable at the high luminosity
LHC, but need 14TeV and 3 ab-1 (= 3000 fb-1 1)

 Measure SM di-Higgs HH production

HH production at pp colliders at NLO in QCD
M,,=125 GeV, MSTW2008 NLO pdf (68%cl)

Ll ' ' |
8 1314 25 33 50 75 100
vs[TeV]

* Challenges: small cross section (—> need large
BR: bb, WW,rT), large backgrounds
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- ATLAS (5=8Tev, 203fp"  PP—H. m,=1254GeV a | ATLAS (s=8Tev, 203f" PP~H. m,;=1254GeV

C L Heyy § H—ZZ'—4l X Oggr + Oxpy Oy =3.020.1pb T S0P I Heayy & HeZZ sl X Ogor + Oxty Oy =30=01pb

- QCD scale uncertainty D 45} m QCD scale uncertainty
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Differential measurements (Nigt

E 1 T L) | ] L] T L) L) [ L} L} | L) I' | L] L] 1 l L 1 L) L | ] L] A 1 L)
=" - ATLAS pp—H + I NNLOPS+PY8 + XH
data. tot t | ® MG5_aMC@NLO+PY8 + XH
© Q2| ~+data tot. unc. = SysLUnC. gy GerpA2 114 XH i
{s=8TeV, 20.3fb" + W STWZ + XH :
anti-k, R=0.4,p®>30Gev | & D-OTWHXH
T | « XH = VBF + VH + tfH + bbH
‘ . - “
I ——y —
10 —. " I - + __._: ". + ?
I . . & ;
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-------------- Y '
+ . * l “
1_ : —f—  pessssssssssssiscscssesens -
4 1 I - ]
: S ]
" ' A L l ' L ' ' [-.1..:..1.-.1.-1 A A A A l ' ’ ' ' l A A 1 A
(7)) T T ¥ T T
% i
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Differential measurement (pt™

do / dp: [pb/GeV]
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