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Introduction and outline

[ What do we know (experimentally) about the newly di  scovered boson? ]
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Introduction and outline

[ What do we know (experimentally) about the newly di  scovered boson? ]

Outline

~

Reminder: SM Higgs production and decay

Analysis channels and latest LHC / Tevatron results

Coupling properties measurements and compatibility with SM

/

&
2
3. Mass and Spin-Parity measurements of the observed s  tate
4
\5 Perspectives at HL-LHC and outlook

?
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SM-Higgs production @ pp(_&olliders

associated prod. with tt

gluon fusion vector boson fusion (VBF)  associated prod. with WZ "t
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= LHC is a Higgs factory (large cross-sections) but S /B ratio is low
[~10 SM Higgs bosons @125 GeV / minute at LHC peak luminosity in 2012]
=» Cross-section at Tevatron ~20 times lower with simi lar S/B [see slide 8]
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0*BR at LHC for « useable » final states
[Tevatron plot shown in slide 8]
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Many final-states topologies;

Leptons/photons are essential for any search

[ =» 5 main decay modes exploited: H =y, H> Z2Z->4l, H>WW=Ivlv, H>1t and VH 9Vb6]

[at low mass]
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Colliders & Detectors performance

CMS Integrated Luminosity, pp Experiment design value
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Outstanding LHC and detector performance Price to pay is large pile-up
¢ Logw U 1O 7 7.10% em2-s-in 2012 at 8 TeV * Above design value (50 ns bunch Xing)
. - 0o
o Lyivereq ~23 bl (8 TEV) + 6 fb (7 TeV) Many challenges to mitigate pile-up

Impact at all levels: trigger, computing,

reco/identification of physics objects, ...
j \ [unfortunately, no time to further discuss these is sues] /

e ~90% of delivered collisions are used in
ATLAS and CMS analyses

Also excellent performance of Tevatron (L o iereq ~12 fbt) and DA/CDF detectors
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Latest channel combination @ LHC

» Latest ATLAS and CMS results combining the 5 main decay channels

[p-value: probability that observation is compatibl e with background-only hypothesis]
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= Most analyses use so far ~13 fb1 (8 TeV) + 5 fb1 (7 TeV) M,=125.8 GeV | Expected (0) | Observed (o)
> Last ~8 fb1 (8 TeV) still to be included 2 >0 44
- ~ vy 2.8 4.0
=>» Local excesses ~7 o  for both ATLAS/CMS WW 43 30
experiments at ~125 GeV  [mostly bosonic channels] bb 2.2 1.8
= Nothing else visible in range [110-600] GeV L 21 18
\ [same for direct MSSM Higgs searches — see backup] / Combination 7.8 6.9
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Latest channel combination @

Tevatron

. Tevatron (pp @ 1.96 TeV)
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=>» First direct evidence for decay into fermions (cons istent with SM)

= Complementarity on H >bb channel between LHC and Tevatron
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Mass measurement

[only missing parameter in SM Higgs sector]

» 2 high-resolution channels (H>yyand H>zz->4l) used for mass measurement @LHC

Example: 4-lepton invariant mass [CMS] Example: di-photon invariant mass ' [ATLAS]
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Mass measurement

[only missing parameter in SM Higgs sector]

» 2 high-resolution channels (H>yyand H>zz->4l) used for mass measurement @LHC

CMS-PAS-HIG-12-045 ATLAS-CONF-2012-170
1OCMS Prehmlnary |s 7TeV,L=51fb" (s=8TeV.L=12.2fb" « 7
| L T LB = e C' T 'b' x 'd """" c | ATLAS Preliminary —— Combined (stat+sys)
c H __) ,‘.’,Y el H - zz — Lombine | T ys= 7T9V:jLCﬂ - 4648 ----- Combined (stat only}
—  9F — H- vy i - \s=8TeV:|Ldt= 13" ==t
q - H_)ZZ H 8__ — HaZZ o4
o 8F ! - '=. s'
1 - “ L H ;

7F = . i :

5F R -

at = :

3 3 i f

2F E

1 Z

0 _

122 124 126 128

my (GeV)
Best fit

+ +
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125.2 * 0.3 (stat) * 0.6 (syst) GeV

= Mass measurements from both experiments already at ~0.5% level

=» Systematics dominated so far by photon energy-scale
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Standard Model consistency

> Latest results from electroweak fit w/wo Higgs mass measurement
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Best fit m, =942 GeV
[ =>» A remarkably consistent picture ]
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Spin studies with H>vy

ATLAS-CONF-2012-168

O From distribution of polar angle 6* of the photons in the resonance rest frame

= Signal region: events within +1.50 around the peak (m,=126.5 GeV) ¥ §
= Compare dN/d|cos6*| for: =
- 'spin-0 hypothesis: flat before cuts S
- |spin-2 hypothesis: ~ 1+6c0s20* +cos*6* for G-like gg production .
[spin-1 hypothesis excluded by H->yy observation: Landau-Yang theorem]
= Normalisation and distribution of dN/d|cos6*| for background from data (side-bands)
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> Expected sensitivity: 1.8 o separation between 0 * and 2* hypotheses

> Fit to data: compatibility within 0.5 o with spin-0 and 1.40 with spin-2 (i.e. disfavoured at 91% CL)
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Spin -parity studies with H>Z7Z7)>4|

ATLAS-CONF-2012-169

» Kinematics of production and decay in
ZZ->4l channel (5 angles, Z masses)
sensitive to spin and parity of the new boson

» 23 candidate events in region 115 GeV
<m,<130 GeV are used

$ Fbk T ar askaiminay] S T ] B VO Amasbeimman] Besl T T T
Z 1o [ Background zz" (.) i £ 0.4 ATLAS Preliminary —Data £ 225 m Background 72" " ¥ £ 0'8; ATLAS Preliminary —Data E
W7 @l Background Zsjets, f  H—ZZ ‘=4l 4 w C H 77" 541 Signal hypothesis W 201 @l Background Z+jets, . H—ZZ ‘=4l - W07 Ho 77" - 41 ST
0 Signal (mH=125 GeV) i 0.35F ) oy = 18':— Signal (m_ = 125 GeV) E - g , ignal hypothesis
8- —rFoo 1827 TeV:[ Lot = 4.6 167 : 1s=7TeV:[Ldt=4.6 0 (m125GeV) 7 P Tov:Ldt= 46 16 0.6F 1s=7TeV:[Ldt= 4.6 fb" (m125GeV) ]
- S g TeV:JLdt= = 0.3; \s;BTeV:[Ld!=13_0 1! 7JE|°= 0" 16? _____ Pz B Tev:ILdt= 13.0 fb"? \s=8TeV:[Ldt = 13.01b” —JE -0 -
C 005 ¥ ~MELA ] 14+ E 0.5 BDTanalysis ; E
s i "‘JH =0 4 12F = F BN "‘Jf1=2;1
i 1 E = N i =]
,.-J\ i 10E 9 : ; % :
4 8 £ 0.3 :E E
| % 1 oz i :
\ 43 3 : ‘N
| o 1ot g E
3 ot : GZ‘I-‘.‘\\"‘ IR
0.2 0.4 5 0.6 .0'8. ) 1 -1 -0.8-0.6-0.4-0.2 0 0.2 0.4.0.(:‘3 038 1 -10 -5 0 5 10
J"-MELA Discriminant BDT Discriminant Iog(L(Ho)/L(Hi))
Otvs O- (similar results from CMS ) Otvs 2*
Expected exclusion of 0- at 97% CL (1.90) (Low) expected exclusion of 2* at 80% CL
Observed exclusion of 0~ at 99% CL (2.70) Observed exclusion of 2* at 85% CL (10)
Observation fully compatible with 0* Observation fully compatible with 0*

| =» Pseudoscalar hypothesis (0 ) excluded at >2.5 o level (under the assumption that the new boson has spin 0) I
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SM Higgs couplings

1 Higgs couplings to SM particles and link with produ

= Gauge couplings

= Yukawa couplings

Yukawa

sector o
Up type °

-y N
Down type
P owe -»o

Quark loop

= Remark: a mass measurement to O(100 MeV) is enough and does
not contribute to coupling uncertainties

= Theoretical uncertainties need improvements for O(1%) level precisions

Gauge sector

Mixed
sector

Loops (Y, g) are

sensitive to BSM

contributions.

ction/decay modes at LHC

» Production: access to top (direct and
gg—~>H loop) and W,Z couplings

o(pb) for pp
\s=8TeV

19.5 1.6
87%) | (7%)

» Decays accessible at LHC: b, T, W, Z, K4

(direct) and y (loop)

[ =>» Link between our observables (event yields O cross-sections*branching ratios ) @and Higgs couplings ]

F. Hubaut (CPPM)
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Observables < SM Higgs couplings

=>» Link between event yields  (cross-section * branching ratio) ~ and Higgs couplings
2,2

K.
oBR(ii - H - ff)=0g4, BRy, ——5— ~T-T,/T,

2
H

» Observed yield can be parametrized as SM prediction *|coupling scale factor k? |(SM: k.=1)

O Gauge couplings ( coupling scale factors Kw and KZ)
= Pure measurements from VBF/VH production and H>ZZ/WW
= For now: main constraints from gg>H->WW/ZZ and W-loop from H->vyy

O Yukawa couplings ( coupling scale factors Ky, K, K;, KH)
= K, and K, : main direct constraint from bb and tt decays - weak for now

= K,: can not be measured from Higgs decay. No sensitivity yet to ttH production, so main
constraint comes from now from top-loop in gluon-fusion - very weak!

= K,: need very high integrated luminosities

4 Total Higgs width ( scale factor Ky,)
= At LHC total nggs width is not accessible [SM I',~4 MeV @125 GeV and there exist invisible/undetectable decays]
= onIy ratios of partial widths (O square of coupling constants) Cal be measured [unless assumptions are made]
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Current situation: Measurement

channels

= Most ATLAS and CMS analyses for a given decay channels are divided in categories,
some targeting a particular production mode

= Remark: none of the analyses targeting a particular production mode are 100% pure
and all have an admixture of other production mechanisms !

Untagged VBF-tag VH-tag ttH-tag

H>ZZ 4

H>WW v v t/

H—>bb v v
H->TT v / v/

H>VY v / Vs

= Luminosity used by most analyses is now ~13 fb1 (8 TeV) + 5 fb1 (7 TeV)
> Last ~8 fb1 (8 TeV) still to be included in the analyses

» Further optimisation of categorisation for best coupling sensitivity is underway
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Signal strength per decay mode

= Signal strength u defined as observed event yield normalised to expected SM yield

Al CoNTet Vs=7TeV,L= 5.1fb' \s=8TeV,L=122f"

I | [ | | | | :
ATLAS Preliminary imH: 125 GeV CMS F’relimingry m, = 125.8 GeV

it

\s=7TeV: [Ldt = 4.7 6" o

E:sTe::‘chm:wm" H — bb
—y |

\s=7TeV: |Ldt = 4.6 " i
\s =8 TeV: [Ldt = 130" '

H—ww = v H— 1t

Vs =8 TeV: [Ldt= 130" P

Hovy .
\s=7TeV:|Ldt=481" | g H— vy
\s=8TeV: JLdt= 137" :

Ho2zZ" > a4l

\s=7TeV: [Ldt=4.6 " -

\s=8TaV: |Ldi= 13" H— WW

Combined n=135+£0.24

\s =7 Tel: JLdi =46-48Mh" | —e—
(s=8TeV: JLot= 131"

| I | | | | | L
-1 0 + 0

Signal strength (u)
Combined p=1.35+0.19 (stat) £ 0.15 (syst) @125 GeV Combined p=0.88+0.21 @ 125.8 GeV

H— Z7

1.5 2 25
Best fit ov’o'SM

[ = Agreement with SM expectations — precision on combin ed n~20 % ]
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Signal strength per production mode

= Signal strength p defined as observed event yield normalised to expected SM yield
= Production mechanisms associated with either top (ggF+ttH) or gauge (VBF+VH) couplings

= Production signal strengths are varied separately for each individual decay mode
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T 8C @ G 68%CL e faof e T o B fs=7Tev:[lt=a7 " Ho W - iy =
C t=13.0fb",1s=8 ] X - - ' = |
= i % F 5% 0L e, j L T [ 1s=8Tev:|Ldt=58591" ]
6— & 5:_ >< SM R .."-. B E 6 + Standard Model  _|
L ; E ¢ . @ r X Best fit ]
L i 4 e =1 i A — 68% CL i
4r N 3c Howy . 4:_ - 95% CL )
L i 2r 5 E 2:— —:
Bl 1% % 3 : :
1 o ATLAS Preliminary ™., £ 3 oF 3
0- — E2011-2012 e ’ o ]
Lt i . i s e v BN e 1 N 0 L 9 = <1 26.606Y 3 - ]
e | T | WERE AT AEREY FEREY SRS AR RN SRR EE SRS FENE) SRR PRI S N N e el e sk S AN A T A
100500 05 1.0 15 20 25 3.0 35 27705 0 05 1 15 2 25 3 35 4 T e
ggH+ttH uggFmHXB/BSM e i@ B/By,

CMS-PAS-HIG-12-045 ATLAS-CONF-2012-127

[ = Agreement with SM expectations at better than 2 ¢ for all channels ]
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Higgs coupling measurements (1/3)

= Most general coupling fit involves 7 partial widths and total Higgs width - dataset too limited

1209.0040

= Under hypotheses, reduction of number of degrees of freedom - several well motivated tests

= Simplifications, using the recommended framework from the LHC-XS WG

» | Example 1: Couplings to fermions (kz=K;=K,=K,) VS gauge couplings (kK,=Ky=K)

Main assumption : only SM particles contribute to Higgs total width (I g5,=0)

4 CMS Preliminary Vs=7TeV,L=51fb" {s=8TeV,L=122fb"’

T T T l T T T I T T T | T T T o
- ATLAS Preliminary + SM E SM Higgs @ Fermiophobic ¢ Bkg. only
3 x Best fit 2r 'l [
\s = 7TeV, [Ldt = 4.8 b —-2In Ak xp) <23 © 68%CL
Hf 1s=8Te, [Ldt-5859f" - 2INAk k) <6.0 i
------------- 5

K (scaling of fermion couplings)

—"
________ ——

—————————

+ N
i
\ 7
|IIII|IEII|\E!I|\Illlllll_

CMS-PAS-HIG-12-045

—
_PIIII||III|IIII|\IlIl\IIIlIIII
TN
\
n -,
L ",‘-
il .
\Y
\
A

5 1 15
Ky, (scaling of vector boson couplings)

~06 08 1 1274 16 18 5
Ky

K. weak constraint so far from direct measurements at LHC H->1t,bb (*)— indirect constraints from loops

(amplitude from top loops gg—->H and sign from interference term btwn top and W loops in H->vy)

* pest direct constraint
] from Tevatron (slide 8)

[ = Agreement with SM expectations tested at 20-30% lev el
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Higgs coupling measurements (2/3)

= Most general coupling fit involves 7 partial widths and total Higgs width - dataset too limited

1209.0040

= Under hypotheses, reduction of number of degrees of freedom - several well motivated tests

= Simplifications, using the recommended framework from the LHC-XS WG

» Example 2: Test presence of new particles in loops gg—>H and H->vyy
Main assumption : Direct couplings to known SM particles are standard and no extra contribution to I,

CMS Preliminary {(s=7TeV.L=51fo' {s=8TeV.L=122fb"

!U) 2-5_' T | =TT | 1T ‘ LN | T 1T ‘ 1T | LI | L | ] !CD 2.07 IIIIIIIII | IIIIIIIII | IIIIIIIII _]
- ATLAS Preliminary + SM - 1 Si E
[ {s=7TeV,|Ldt = 4.8 0" x BzeFth ”s ’ = ]
o[ \s=8TeV, [Ldt-5859f" — 7 |2 AEEY’EQ; S Ea ] 1.6 —— 68%CL 1
= pa) <O - 1.4F ——— 9%5% CL
B o § 1.2 —
1.5~ £ 7 1.0 =
- \ ] 0.8 -
1L _‘ 0.6 =
- i 0.4 =
A AtLasconr2oi2-127 [ B - 0.2F =
. Lo oo U v o oo Foyeq |y §7 [ -
0.0

06 08 1 12 14 16 18 2 22 5 y = 3
KY KY

[ => Agreement with SM expectations at betterthan 2 © ]
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Higgs coupling measurements (3/3)

= Most general coupling fit involves 7 partial widths and total Higgs width - dataset too limited

1209.0040

= Under hypotheses, reduction of number of degrees of freedom - several well motivated tests

= Simplifications, using the recommended framework from the LHC-XS WG

» Other examples: test custodial symmetry of W and Z bosons, test up/down and
guark/lepton symmetries

Ns=7TeV, L=51fb" \s=8TeV, L=12.1fb"

- - - \\|||\|||||||||||||||||||\\‘I\\‘\\I‘\\\
» More global fit still too weakly constrained CMS Praliminary 125 Gev
—T— 65% CL int I
Model parameters Assessed scaling factors ':; ° intervals
(95% CL intervals) oz
- p 515 ——
Awz, Kz, Kf Awz 0.67-1.55 Kq ——
P P [0.78-1.19] A =
Kf Kf [0.40-1.12] xu —r—
Ko, Kg Koy [0.98-1.92] Mau —_——
CMS-PAS-HIG-12-045 iy [0.55-1.07 o =
B(H — BSM), k., k¢ | B(H — BSM) [0.00—0.62 xg —.—
Adu, Kv, Ku Adu [0.45-1.66 1-BR,,, —
- Atq [0.00-2.11 T =
v [0.58-1.41] xt
Kb [not constrained] xb =
Ky, Kb, K1, K¢, Kgr K"y Kt [0.00—1.80] Y ——
Kt [not constrained] e _— 1
Kg [0-43_1.92] KV\\Ill\lllll|||I|WI\\‘I\\‘\\I‘\\\
Koy [0.81-2.27] 0O 02 04 06 08 1 1.2 14 16 1.8 2
best fit

= More data needed for a more global fit (relaxing as  sumptions), to be further
sensitive to presence of new physics and measure K K, and self-coupling
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LHC and HL -LHC projections

2012 p-p run extended to mid December (p-A Jan. — mid Feb. 2013)!

2009 LHC start up, Vs =900 GeV

2010 33

2011 \s=7-8TeV, L=610 8+0 cm"‘:s',1 bunch spacing 50 ns

2012 ~25 fb™!
2013 Go to design energy, nominal luminosity

2014

2015 & =13-14TeV, L = 1.1 034cm'2s'1, bunch spacing 25 ns

2016 (likely to be more) ]
2017 ~50 fb
2018 Injector & LHC Phase | upgrade to full design luminosity

2019

2020 s=14TeV, L = 2.1 034cm'2s': bunch spacing 25 ns

2021 (likely to be more) ~300 fb’!

2022 HL-LHC Phase-2 upgrade, crab cavities?, IR

2023 384 5. _
Vs =14 TeV, L =5.10 cm’s, bunch spacing 25 ns

20307 Plan for 50% more

[ =» the LHC physics programme is in its early stage ! ]
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Higgs couplings at HL-LHC (1/4)

[more details in A. Nisati’'s talk tomorrow]

ATLAS Preliminary (Simulation)

U Typical precisions that can be achieved on 1S = 14 ToV: JLat=000 1" ; [Lat=3000 f
couplings with 30-3000 fb -1 Houn e | © [

tTtH,H—
= Measurement of Higgs couplings with 2011+2012 VBFH—TT
H— 27
data (~30 fb'1) > 15% on combined signal strength VBE H— WW
expected - precision of individual channels ~25-30% V:f.ww
S A=Y
(H_)Wv sz WW) ttH, H—yy
. o . VWBFH—yy
= With 300 fb1, precision of signal strength ~10% Hosyy (+3)

H—yy

ATL-PHYS-PUB-2012-004

per channel expected at best (yy, Z2)

O 0.2 04 06 0.8

= Experimental uncertainties on most signal strengths AR
reduced by factor ~ 2 or more when going from e
300 to 3000 fbl & < 5% uncertainty for best cases Hioosboson sgna svenghys umw e e
(Y, Z2) to ~20% (WW) )
> Addition of rare channels like VH (H>WW, 12z
ZZ7) will improve the overall results and yield o
more precise measurements of W-coupling Hobb |
0.0 0.5 1.0

“15 20
Signal strength
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Higgs couplings at HL-LHC (2/4)

[more details in A. Nisati’'s talk tomorrow]
General coupling fit (no assumption)

U Typical precisions that can be achieved ATLAS Preliminary (Simulation)
) ) 1 Vs = 14 TeV: [Ldt=300 b ; [Ldt=3000 i
on couplings with 3000 fb - L300 1 extrapotated rom 70 Tov
/T, m
= Without constraints, ratios of partial widths T, ! -
can be measured with typical precisions of T, /T,
20-50% (5-25%) with ~300 fb1 (3000 fb1) Tu/Tz
per experiment T=/Tz
Ty T
= Ratios I'/T'; and I'/I'; probe new r, /T,
. . ATL-PHYS-PUB-2012-004
physics in H>yy and gg—>H loops Tyel, /Ty, i |
at 5-15% level 0 02 04 06 08
ACITy) AR IKy)
= Assuming I, (SM) and one scale factor for /Ty T/
the fermion/vector sector Minimal coupling fit (assumptions)
- measure COUplingS K- to 3-6% and K., to [NO invisible/undetectable contribution to I';]
F v Uncertainty (%)
2-4% with 3000 fb! per experiment Coupling 30007 3000 T
CMS projection Scenario 1 | Scenario 2 | Scenario 1 | Scenario 2
Scenario 1: " g? ;; ig 18
’ . Ry . . . .
Sceﬁgliﬁ ?:'Stemat'cs Ky 11 5.7 75 2.7
theory syst: scaled by a factor %% o 15 6.9 1 2.7
other systematics scaled by 1L "t 14 8.7 8.0 3.9
oy 8.5 5.1 5.4 2.0
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Events / GeV

Higgs couplings at HL-LHC (3/4)

[more details in A. Nisati’'s talk tomorrow]

[ Measurements of rare decays with 3000 fb

=|ttH > ttyy :| 200 events, 60 per experiment (factor 2 better than with 300 fb-1)
- measurement of top Yukawa coupling at ~10% level

= H - pu: | one of the best channel to study Higgs coupling to fermions but very
rare! Simple analysis > S/B~0.2%, 60 per experiment (~2o0 with 300 fb1)
—~ measurement of Higgs-muon coupling K, at ~10% level

ATLAS Preliminary (Simulation) E51IH 3 10°F ATLAS Preliminary (Simulation)
5= e . Ea\WH 0 g F=14TeV
L dt = 3000 fb CVBF o 10°E [Ldt=30001" —Zop
= - -f[—.l' pv X pvk
E3adiphoton o 108
E3 c — WW— pvpw
L% 1(]? -Qg—} H — up, m =125 GeV

10°
10°

104
10°

[ Eweris- Beg! 2 Ga

130 140 150 10 =5 ""900 120

diphoton mass [GeV] m,, [GeV]

—h
o
o
—
[
o
A_.
==l
=
M2
=
=
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Higgs couplings at HL-LHC (4/4)

[more details in A. Nisati’'s talk tomorrow]

O Measurement of Higgs self-coupling to firmly establ ish Higgs role in EWSB

In SM Lagrangian: —> appearance of Higgs self coupling interactions
A = Higgs self-couplin
V(®) = -\ (d1d) + A(@1d)2 T st Pg
A= Asy = Mp;/(20%) @ A~ AWM 2
CoH Arinn~ A~M2Iv?)

double Higgs-strahlung: ¢7 — ZH H/WHH

= Quartic coupling not accessible, but tri-linear self- W)z

a Wiz
. . . . . . w/z S
coupling is: intereference effect in di-Higgs boson — >~;{H WH >“~</
q H H

production [SM cross section is 34 fb at 14 TeV for
mH=125 Gev _ 71/16 fb If AHHH:O/Z * SM] WW/ZZ double-Higgs fusion: qq — qqHH

= With 3000 fb!: 15 events, ~3c observation per e " o n
experiment for A,,=1 expected from HH > bbyy S e n S

channel (BR~0.27%); HH-> bbtt also promising

w/Z

H
bl

= ~ 30% measurement of Ay, /Agy Mmay be achieved 99 dzum@mggs fusion::gﬂHim H
by combining channels and experiments :}H‘ -
g NH \0000) cem g
[-) knowing M ,, check that Higgs potential is SM ] dominant production mode
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Conclusions and outlook

O The era of precise “Higgs measurements” has started
= So far, all measured properties are consistent with Standard Model expectations

= With LHC run |, expect per experiment from a SM Higgs: 4-5 o from each of H->vy,
H->Ivlv, H>4l; ~3 o from H->1t and from W/ZH->W/Z bb (already achieved by Tevatron);
Separation 0*/2* and 0*/0- at 40 level combining ATLAS and CMS

[ => First results with whole LHC run | statistics expected at Moriond next month ]

O More data (approved LHC program, HL-LHC?, next facilities?)  will be essential to:

= Measure nature and properties of the new boson with increasing precision. Ultimate
(sub-% level?) coupling measurements at a future lepton collider? (linear/circular? Vs?)

[ =>» Search for New Physics effects through deviations from SM predictions ]

= Complementarity with flavour-physics programme

= Answer if natural Higgs or fine-tuned Higgs ? If natural: what stabilizes its mass (SUSY?)?

= Complementarity of Higgs precision measurements with direct searches for New
Physics @ high-energy frontier! The LHC run at 13 TeV will hopefully already give first hints!
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SPARES
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The ATLAS detector

L~ 36 m, U ~22 m, 7000 tons Inner Tracker (|n|<2.5, B=2T):
~10° electronic channels Si Pixels, Si strips, Transition
Muon Detectors Tile Calorimeter Liquid Argon Calorimeter Radiation detector (straws).

Precise tracking and vertexing,
e/Ttseparation.

Momentum resolution:

o/py ~ 0.04% p; (GeV) 0 1.5%

L5
y
b /
)

~ EM calorimeter: Pb-LAr Accordion.
== elytrigger, identification and measurement
- | Energy resolution: o/E ~ 10%/VE 0 0.7%

-

% [|‘ HAD calorimetry (|n|<5): segmentation, hermeticity.
& B | Fe/scintillator Tiles (central), Cu/W-LAr (forward).
.. | Trigger and measurement of jets and missing E-.
Energy resolution: 6/E ~ 50%/VE O 3%

Toroid Magnets  Solenoid Magnet |SCT Tracker Pixel Detector TRT Tracker 3-level trigger
reducing the rate
Muon Spectrometer (|n|<2.7) : air-core toroids with gas-based muon chambers. from 40 MHz to
Muon trigger and measurement with momentum resolution < 10% up to E, ~ 1 TeV ~200 Hz
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“& Muon chambers

WA 1 45

-

7;. Calorimeters EEiEe
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Total weight

14000 t

Overall diameter 15 m ECAL /6K scintillating
Overall length

Tracker
ECAL
HCAL

Muons

Fa S [
Solenoid coil

PbWO, crystals
28.7 m

HCAL Scintillator/brass
Interleaved ~7k ch

3.8T Solenoid

Pixels & Tracker
» Pixels (100x150 um2)
~1 m2 ~66M ch
«Si Strips (80-180 um)
~200 m? ~9.6M ch
MUON BARREL
250 Drift Tubes (DT) and
480 Resistive Plate Chambers (RPC)

CMS

MUON ENDCAPS
473 Cathode Strip Chambers (CSC)
432 Resistive Plate Chambers (RPC

Si Strips ~16 m?
~137k ch

Steel + quartz
Fibers 2~k ch

F. Hubaut (CPPM)
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The CMS detector

wﬁ; \ ¥
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ATLAS/CMS

ATLAS CMS
Air-core toroids + solenoid in inner cavity Solenoid
MAGNET (S) | Calorimeters outsidefield Calorimetersinside field
4 magnets 1 magnet
Si pixelst strips Si pixels + strips
TRACKER TRD - particleidentification B=AT
B=2T o/p; ~ 1.5x104 p; 0 0.005
o/p; ~ 5x104 p; 0 0.01
Pb-liquid argon PoWOQO, crystals
EM CALO o/E ~ 10%/VE  uniform o/E ~ 2-5%/E
longitudinal segmentation no longitudinal segmentation |
HAD CALO Fe-scint. + Cu-liquid argon (10 A) Brass-scint. (> 5.8 A +catcher)
o/E ~ 50%/VE O 0.03 o/E ~ 100%/VE 0 0.05
Air - olp; <10%at 1 TeV Fe - o/p;~5%at 1TeV
MUON _ . .
standalone; larger acceptance combining with tracker
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SM-Higgs decay

SM Higgs: decay braching ratio (BR) in %

= 1 I e e e L T ——T—= Branching ratios at 125 GeV:
g E e ww = bb:  57.7% 7Z:  2.6%
= = | e ww: 21.5% vy 0.23%
8 [ ' 8 = 6.3%
E b -
b= 3
é 10_1 L= o — Important decay modes for 125 GeV
o - s | - X ook
=) - B w n t AN
- i : ] Z 2 leptons =
102 = | — iy -Ra (0.01%)
E : E H zM 2 leptons
= =3 Iz
I - : z ] o
S L e (0.9%)
h " b Iz
10—3 | | I I 1 I | | I | 1 | I | I T ! or hadron(s)
100 120 140 160 180 200 ... .
M, [GeV]
T i or hadron(s)
b
H
ZHWH - ——— - -
<.
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Production cross -sections

PP/pPp cross sections

e e crass sections
L

El'ﬂ glIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII TT IIIIE r-\-ll:l EI T I|I|III|III||| |I|__II|II||| T IIIIE
L= : ff {f;er} I|I|I E E-].l:l Hé— {]’Im— . _PP _PP__ . B I — _' A
L J BE - ]
T I\ 10 3 |4 =
F N |\ maximum energy ] 1o 2L | ;" I -
F [ ; 1 3 M ]
wh N\ R of LEP collider g wif = B _.,_, E ]
* R ] 2 T 4 4
o S : 101 O 3 1 |s/B~1010
o 14 W' |
: st 1 st ]
I w _‘1 ] 10 3 ﬁjet{[m = {50} . {f_#_ T _____----"' 3
10 4 E Ez g = 3 10 7 i ! (4] _.:' ,}fi -_.- --"'---F--F ]
; 0 GV 3 Er {5“ = - 1
) b ] 10 ﬁr 0. (Ek- lﬂ[K}E"z-J . .x--"f 1
3 [} e | T, 4 E ety ]
10k | l_-fw-_"_—‘é S/B~1O luf’:r {f,a*’}:"ﬂﬁh 4
: . f s 2 ' e
[ . ] 10k - o | 1V
/ i £ - - ]
10 / / [ af ]
é =/ | ([ : 0 S v I ;
ol o 1 102 Ojeel®r > 54 N 3
r Il i F, I 1 ? -
10 E_ .I'I | I|_ ‘__,."f ; : ))r/ |II ! zﬁ-ﬂ' _E v 10 E-(TE'EES (AL =150GeV) 4 i:“"‘/‘ .
[ A / | 135 Gev 3 £ s ]
/ .|'! = P [ 120 Gev ] 1L e h
1 1111 ||||||||t:|||'l'||||||||.1":||||||||| "i-1:.r':I|| il 10 -lfﬂnﬁgs%%?nlcrle‘:.?l " 1 11 rri"“a 1 L1 ]
@ 25 50 75 100 125 150 M5 200 215 150 10° .
Vg (GeV) s (GeV)
G‘+
-H . .
o —> Production at LHC for m~120 GeV is 2000
Z ! . .
. iz times higher than at LEP2 but S/B much worse!
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Production cross -sections

e e crass sections
L

El'ﬂ EIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII -IIIIIIIE
= £ (£21) | §
7 |1
10°F A 3
o\ [\ b i ] Future e+e- collider ?
Wi N / ' of LEP collider ]
T :
o ""'\-\.\__\__ ]
il 5 T3 4
f wW ]
4 e S
w3 HZ f 3
E 3=V 3
[ § B ]
3 | f ) S|
10 , | / T
| A { i )
[ - /| | —— 1 e s
3 [ £l | i P 0 I A T TN N T TN T[N TN R T T O T T T N M |
e gz o j = 500 1000 1500 2000 2500 3000
E 2l ) 3
3 S O vs(GeV)
U NS 7 leEE . |
s f i,ﬁ..; 7/ [T ey ]
! .|'! =2 P [/ ey ]
1 L1l L1 1] IIII tIIIIIII'II IIII II.I'.:III IIII II |"i-1:.r':I|| IIII 111
@ 2% S0 75 100 123 150 17§ 200 215 240 )
5 (GeV) ot C+_“""r—_‘*—__ vefet 7 H
-H T W/Z A
L F-—-H VA
Z Thy + W/Z RS
e P LY Ty
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Higgs field

§ @complex field = @l+ig2

>
Interactions between gauge |‘ iis

particles and Higgs field

/Higgs self-interaction
ol

Ly = (D) (D'®) — V(D)

vev = value

minimising the
s ) L A n 9 Higgs potzlitial
V(P) = _;“-H((I"(Iﬂ o I{{I}l(ﬁ) with A>0 and p2>0 o0, qZevi2

- symmetry broken

: ; p SM ] 2mu, — 246 GeV
- Vacuum expectation value v = ) > U=
) (V2G)'/?
(g=e/sy)
. N — ‘ 2 cos, = ¢, = /1 — 33; = 9 ) e 99’ -
- Higgs mass My 202, oy yrEar par

(g and g’ are the SU(2) and U(1) coupling constants)

- MH is the Only free parameter in the SM H|ggS SecCtor (others fixed by weak gauge boson masses and gauge couplings)
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SM Higgs

couplings

O Gauge couplings (to bosons)

-igM,,, for W
------- Q@ «—1— -2iM/3v

SM custodial symmetry p = ﬂ[%.r (r:ﬁrﬂ-fz
)
g+

™

1—52

W

cosfly, = oy

(g)?

> -igM,/2¢c,, for Z

) =1

, ~0.88

O Yukawa couplings (to fermions)

------- .\4_— |Mf/V
A

[ —> Proportionality of Higgs couplings to all particle masses ]

1 _ 2w

(ﬂGﬁJl;‘z g ’

V=

O SM Higgs partial widths:

(total width ', @125 GeV = 4 MeV,
dominated by bb ~57%)

Iz,

(mg /v)?

(2 M2/ v)?

Mz? /vy

a (Mg?/v)?

a (1.6 Ty +0.07T,—0.7T,) - Wt interference
a(l.1,, +0.011,—0.121) —> bt interference

a(1.12 Tyyw +0.0031,—-0.12T,) -2 Wtinterference

a

o

o
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Observables < SM Higgs couplings

Production/

Decay
H—>Z7Z Ko(Ky Kp) * Kz | Kyge(Kws Kz) = Kz Ky * Ky K, * K
H>WW Ko(Ky Kp) * Ky | Kyge(Kws Kz) * Ky Ky * Kw K, * Ky
H—>bb Ko(Ky Kp) * Ky | Kyge(Kw, Kg) * Ky Ky * Ky, K, * Ky,
H=>1T KKy Kp) Kp | Kyge(Kw, Kg) * Kq Ky * K¢ Ky * K;
H->VY Kg(Ky Kp) * Kyee(Kw» Kz) * Ky ° Kq
Ky(Kw, Kk Ky(Kw, Ke) Ky(Kw, Ke) K(Ky, Ke)

Kp:Yukawa couplings Ky/: Gauge couplings Kg, Ky'CoupIing to photon

and gluon through loop
diagrams. They are functions
Pure Yukawa couplings [if no new physics in gluon loop] of the other k; in SM

Pure Yukawa couplings Pure Gauge couplings
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A remarkably consistent picture

> Latest results from electroweak fit w/wo Higgs mass measurement

(4]

Nx : E 1 ARTE R I R I B T IEALUE R | L .I L ;‘: ;‘ 80.5 T T T T | T T T T | T T T T ‘ T T ‘ T T T ’,l’ ‘ T T T T
s R e G e ol
- SM fit w/o MH measurement - = . i i
4 essa Mot Dodasbasies o caSiesd s S SR R P e —2c = 80.45 —  68%and 95% CL fit contours “
E  -® ATLAS measurement [arXiv:1207.7214] 3 L wio M,,, m, and M, measurements P ]
3.5 E_ <J- CMS measurement [arXiv:1207.7235] _E C M,, world average + 16 ) 7 :
.3 E 80.4 - . .
= = = ; J —
25 — 2 = _
= = 80.35 — : ]
2 4 : L :
e E 803 -
L e | S 1o - e .
0.5 = 80.25 [~ :_;‘,;1*""‘*_ 4 ! —
0 : ] I L1 I L 1 I 1 1 | 1 | B | | 11 1 I 1 1 1 1 = _';};r 1 Il Y Il 1 Il 1 .- Il Il I'i-"“' 1 ‘ 1 Il 1 ‘ 1 Il | B
60 70 80 90 100 110 120 130 140 140 150 160 170 180 190 200
M, [GeV] m, [GeV]
Free Fit result Fit result Fit result incl. My
Parameter Input value ; . : . I "
n fit mcl. My not incl. My  but not exp. input in row
My [GeV]© 125.7+£0.4  yes 125.7 £ 0.4 0412 G412
Mw [GeV] 80.385 + 0.015 = 80.367 + 0.007 80.380 £+ 0.012 80.359 £+ 0.011
my [GeV] 173.18 £ 094  yes  173.52 £ 0.88 173.14 £ 0.93 175.8 727
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Evolution of excess with time

(July 2012)

o | L I L | L L | L | L L L
o i {s =7 TeV (2011), [Ldt=4.8 fb”
© ATLAS \s =8TeV (2012), fLdt=5.91b"
O 1¢ _
3 10-1 1o
4 _ 20
10 2L N _. % \
1073 Ko7/t Eps Prei.- A g 30
- —— Observed 3
10 epoe "\ [/ e J4
1 0-5 12/11 CERN Prel. E_ O
— Observed =
10-6 ------ Expected _é -
Bt e g < N g i o B 150
1 0-7 __Spring 20'312 PRD -
served =
1 0'8 ------ Expected "o
g OVIECERNEYel. N T FLRDIAE: . :
10 —— Observed Ky .. — Observed § 6o
...... E ted % Y, weass ted -+
1 0 1 0 | | I 1 xlp?ct el I | 111 | L1 1 1 I | L1 1 ] L1 1 prelc le | ?
110 115 120 125 130 135 140 145 150
my, [GeV]
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ATLAS mass measurements

4.5

~|

3 - L ] _é - ATLAS Preliminary —— Combined (stat+sys)
= - ATLAS Preliminary 2011 + 2012 Data 4 N [ \s=TTeV:[Ldt-4648R7 - Combined (stat only)
= 2 =] ol Vs=8TeV:[Ldi= 131" —=Hoayr
2 " {s=7TeV:|Ldt=46-48f"  — combined . 8 sz
® 3.5F 1s=8TeV: |Ldt=13.01b" —Hary = -
k7 : —Ho-272" 54 .
T K e T ;. =
g) - S ) .
N 2.5 - =
2E =
1.5 -+ Bestfit =
1 - —68%CL e
F ---95%CL ]
0.5 ~]
0 _ -

PR AN S T SN AT ST NN SRR SN TR ST NN ST S ST S N!
120 122 124 126 128
my [GeV]

Am, =m,, () —m, (4¢) =3.0+0.8(stat) 207 (syst) GeV =3.0 7: GeV

=» Taking mass scale systematic uncertainties and thei r correlations into account,

compatibility of the two measurements estimated at 2.70 level (~0.8% probability)
[an alternative treatment of systematics yields ac  ompatibility at 2.3 o level]
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H->vyy : ATLAS latest results

Raw mass spectrum Weighted mass spectrum: w;=In(1+S/B)
> 7000 ' 3
o E Selected diphoton sample 3 > OO: i - L] ! ' =
] 3 [0) = =
o 6000 . [s)ataszm}:thz(m 265 GoV) — o 180§ ATLAS Preliminary =
~ E ig+Bkg Fit (m e = o = . =
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3000 — - 100__ —
= = W E TN =
2000 s =7 TeV, ILdt =481’ — 80F- =
1000 ys = 8 TeV, JLdt: 130" = 60~ =
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£ 200E- s 3 o ..E s ! s s | 3
o 100E- 3 < 12F =
g +‘$$T ‘ TH?+ bt | 4 D ep -
= ! ' ! ' e u 4 E i
100§ + T + + + + + + ¢ E _5) N SUUR IR ST
20060 0 120 130 140 150 760 g -4 ) ) ) ) )
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my, [GeV]
o® 10°B
@
(8]
(o]
-
R - 1o
————— = 20
30
______________________________________ 4 =» Local excess 6.1 o (3.30 expected for SM Higgs)
. Global excess 5.4 o
— ""Data2012s=8TeV
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H->yy : ATLAS latest results

i 7' L | L | L ‘ L L T T |B‘ T %ll ‘ LI |7 Py 3.5 ; . . . ; ; , . | . ; ; ;
3= ATLAS Preliminary — Bestiit - S TTE— Allsyst. ]
- +1c . %’ - —— Without MSS ]
— I c 3——— Without syst. ]
2 2o E g C  Bestfit 1
C ] o C ]
L Y AN S —— — © 2.5 =
C ] e C _
Y AT S S & @0 =
A E o -
- 2011-2012 - 15¢ .
- . — - ATLAS preliminary-., s X b
= Not-including diphoton j'—dt =48f'\s=7TeV 1;ILdt=4 8?b‘1 v‘s=7TZV ECT AR ]
_3:_mass scale uncertainty det =13.0 fb'1,\“s - 8TeV = - JLdt=1 3.0fb 1s=8TeV .
Lo v b b b b b v b e by g Coovv v b v v b v b v b by
110 115 120 125 130 135 140 145 150 0Pz 124 125 126 127 128 129
my, [GeV] m,, [GeV]
— +0.21 +0.20 ; ;
M= 1.80 + 0.3 (stat) F )42 (syst) *3:13 (theory) @126 GeV [~2.40 from SM Higgs + bknd hypothesis]

Best mass fit: 126.6 * 0.3 (stat) * 0.7 (syst) GeV
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H->vyy : ATLAS latest results

Simulations, after analysis selection cuts Fit to data for SM signal + background hypothesis

200
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H->vy : ATLAS mass resolution

> R L L L B L B N BLSLELED B e (R I L B EUELL L LA BLRLELL LR IR
> — 10 ATLAS Simulation — o - ; ; -
0.12—* u<

8 - —— 10su<15 § Eg 0 12 ATLAS Simulation ® Unconverted central ]
ps L e 15su<20 gg=eH==py 1 & : high p 4
O N | T IS & g — -
~ - _ - = — H— et =
g e Vs =8 TeV E _g C i O Converted rest ]
;Z; T 1 2 0.08- my= 125GeV low p_ ]
B ] a C FWHM = 4.4 GeV ]
< 0.06F 1 =z " \s=8TeV -
i e 0.04 E
0.02r~ . 0.02[- : -
0 - i S A R T S o : L (‘\ovg"“:'!ﬁ-:'::‘:-: bl el

116 118 120 122 124 126 128 130 132 134 ‘PO 11 115 120 125 130 135 140 145
m,, [GeV] m,, [GeV]

4 N

> (Inclusive) mass resolution: 1.6 GeV
> Pile-up robust

» Fraction of events within +20: 90%

» S/B in window containing 90% of signal: ~3%

-
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H>ZZ : ATLAS latest results
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CMS results H->vy

CMS {s=7TeV,L=51fb'Vs=8TeV,L=531fb"
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CMS Experiment at the LHC, CERN

Data recorded: 2012-May-13 20:08:14.621490 GMT .
Run/Event: 194108 / 564224000 / H ) YY
candidate
— \ 1
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CMS results H>ZZ (Nov. 2012)

CMS Us=7(® TeV,L=51(12.2) fb"
> T | T T T | T T T I T T T | T T T | T T T I_ a’ 1 %ﬁ T \é-
3 [ ¢ Observed - a) ] (% & 1,
. E T T T L - -1 (8]
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~ C |:| Zy*,ZZ ot 1 o E = 20
ﬂ C ~ 6 —_ 10-2 - —
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my, (GeV)

For m(4l) = 121.5..130.5 GeV: - 4.50 (5.00 expected) local

=Expected background: 6.5 events > p=0.8+0.3 @ 126 GeV

sExpected signal (mH=126 GeV): 12.5 events
=Signal:Bckg ~ 2:1

=Observed: 17 events Best mass fit: 126.2 £ 0.6 (stat) + 0.2 (syst) GeV
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CMS results H>ZZ (Nov. 2012)

CMS Vs =7(8 TeV,L=5.1(12.2) fb"
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LHC and HL -LHC projections

O Many challenges
= Very high lumi = trigger rates, computing, ...

= Very high pile-up = occupancy, reconstruction
= Very harsh environment for detectors

7-8TeV 13-14 TeV

10%"— 7x1033 Th10r

2 Upgrade

<u>=20 <u> =27

Phase — 0 Upgrade

Integrated Luminosity (fb")
Phase -
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Higgs couplings at HL-LHC

[very preliminary results]

‘—> General coupling fit (no assumption)—l

ATLAS Preliminary (Simulation) ATLAS Preliminary (Simulation)
(s =14 TeV: [Ldt=300 ib” ; [Ldt=3000 fb™ Vs =14 TeV: |Ldt=300 b ; [Ldt=3000 fb
_[Ldt:ﬂ[][ﬁ fo"! extrapolated from 7+8 TeV _[Ldt:ﬂﬂ[] fb” extrapolated from 7+8 TeV
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He 77 & r,/T,

VB H W T,

H— WW
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. - r'l’ / rZ
H—vy (+) &
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A AT T Al /)
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|

Minimal coupling fit (assumptions!)
[NO invisible/undetectable contribution to ']

-

Higgs couplings at HL-LHC

[very preliminary results]

CMS Projection

T | 1 1 1 1 | T 1 1
Expected uncertainties on
Higgs boson signal strength p

Combination

10fb'at fs=7and8TeV |—]
30fb'at fs=8TeV —

H—)Y"{ I 1

H—ZZ —

H — WW —

H—1tzt f }

H—bb | :

0.0 0.5

CMS Projection

‘ | 1
1.0 1.5 2.0
Signal strength p

T T I T T T T I T
Expected uncertainties on
Higgs boson couplings

Ky : 4

T T T T T T T | T T

F— soom'at §=14 Tev
— 300" at 5= 14 TeV w/ scaled sys. unc.

1 I 1 1 | 1
0.10 0.15
expected uncertainty

CMS Projection

T I T T T T | T T T T ‘ T T T T I T T T T
Expected uncertainties on 10fb"at f5=7and 8 TeV =y
Higgs boson signal strength p 300" at 5= 14 TeV —
300" at f5 = 14 TeV wio theory unc. i
Hovy : o |
H—-ZZ b H——H |
H—-WW } 4 4 i
Hott | + H :
H—bb | } | |
1 | L 1 1 L | 1 | | 1 L L 1 1 I L L 1
0.0 0.5 1.0 1.5 2.0
Signal strength
Uncertainty (%)
Coupling 300 fb~ ! 3000 fb~!
Scenario 1 | Scenario 2 | Scenario 1 | Scenario 2
Fory 6.5 5.1 5.4 1.5
Ky 5.7 2.7 4.5 1.0
Kg 11 5.7 7.5 2.7
Kb 15 6.9 11 2.7
Kt 14 8.7 8.0 3.9
Kr 8.5 5.1 5.4 2.0

Scenario 1:

2012 systematics

Scenario 2:
theory syst: scaled by a factor %%
other systematics scaled by 1/L
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Precision needs on Higgs couplings

Measure Higgs couplings as precisely as possible:

indirect hints of New Physics/SUSY if deviations

X(125 GeV) discovery in 2012 _—"
No sign of new physics in direct

searches Search for heavier particles predicted by

BSM theories

O Which precision on Higgs couplings would be desirab

le?

= New physics can lead to modified couplings (e.g. SUSY, composite Higgs)

= Percent level measurements would be sensitive to new physics at the TeV scale

= Multi-TeV new physics needs sub-percent precision
= Some models/parameters can give effects of O(5%)

- more details in P. Janot seminar: http://indico.cern.ch/conferenceDisplay.py?confld=214133

» Remark: a mass measurement to O(100 MeV) is enough and

does not contribute to coupling uncertainties [current impact on signal strength < 4%]

= Theoretical uncertainties (mostly QCD) need improvements
[Theory systematics ~15% for ggF and ttH (~5% for VBF and VH) production modes]

[BR 3-6%]
—

Decay

BR [%]

bb

57.9

TT

6.4

cC

2.8

737

0.022

ww

21.6

g9

8.2

ZZ

2.6

rr

0.27

Zy

0.16

I H [MeV]

4.0
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Precision needs on Higgs couplings

@ P. Janot: CERN seminar  http://indico.cern.ch/conferenceDisplay.py?confld=214133

a

Couplings (cont'd)

+ Typical tree-level coupling modifications from SUSY
e Pseudo-scalar A very hard to find at the LHC for moderate tanff and m, > 200 GeV

g hspnatt ,';’h_q M CE

. . : 2
IV 0a% (2(1(1 (M)* Gt _ Gnee o _ ”%(2{}:} (,c\f)2 G _ Gmtt 4 an% (200 GeV)
GhaVV

ma m A Ghgpabb  Ghgyrr ma

- 1 TeV)?
gy (L)
m A

Ghgubh  Ghgyrr

= Large effect on Hbb and Htt coupling
To be measured a priori as precisely as possible (tanp=5)

Essentially decoupled from Electroweak Precision Measurements

+ Typical coupling modifications from composite Higgs models
e All couplings reduce together according to the compositeness scale f

Gnfs GV ~ 1-3% (1 T(:V)"'}
Ghsulf IhgnvV f

To be measured a priori as precisely as possible

Eventually visible in Electroweak (High) Precision Measurements

More details: H. Baer et al., “Physics at the International Linear Collider”, in preparation, see
http://Icsim.org/papers/DBDPhysics.pdf
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Electroweak and top cross -section

10°

10

1

measurements

ATLAS Preliminary

— 35pb’
: . LHC pp Vs =7 TeV
B 35pb" | | Theory
= © Data(L=0.035-461fb )
— LHC pp Vs =8 TeV
= mmm Theory
- 5.8fb" | * Data(L=581 ")
= 5.8 fb"
= L g
— k-3
= 10" 1
- 461
E— ~ 58f"
__ A x
= 461 21fp! 3
— : 461"
w oz g T ¢« T ww I wz I wt T 2z

Inner error: statistical
Outer error: total

» Important ground for Higgs searches: most of processes are backgrounds for Higgs

» All SM processes well measured and in good agreement with theory
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MSSM Higgs

0 MSSM Higgs sector -> 5 Higgs bosons
= 3 neutral: CP even (h, H), CP odd (A)
= 2 charged: H*

= Two free parameters describe couplings at tree level :
m, - tanf or my, - tanp with tanf = v /v4 (ratio of Higgs VEV)

= Couplings to vector bosons suppressed and couplings to down-type fermions enhanced
for large tanf3

Standard particles SUSY particles

Standard Model
Prediction

Higgs
Boson

MSSM Higgs Boson Predictions

A

) Quarks @ Leptons @ Forco particies Squarks @ swepton: @ SUSY force
pa
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MSSM neutral Higgs search

O Neutral Higgs

= gluon-fusion and b-quark associated production are the most
copious production modes

= Higgs couplings to b-quarks and tau-leptons enhanced
compared to SM

¢ ESEEE h/H/A
= Search for ®(h/H/A)->1t (BR~10% at high tanf), pu |
(BR~0.04%) with/without b-tagged jets g vrrTTe—— b
o 60[
s
50f
a0l B = No excess above SM background
30 = =>» Stringent tan B limits (~10) for low m ,
20 ;—\§ E):p(;ected CLs :
. %&}?uucﬁannells E
10 = e
‘//} - ATLAS Preliminary 22, f2ooneer . (m, ™ scenario: m,=125 GeV requires maximal
106 150 200 250 300 350 400 450 500  SoPMixing and heavy stops)
m, [GeV]
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MSSM charged Higgs search

O Charged Higgs H* ,L v,
L
. . . *
= for my, < m,, primary production mode is t—H*b q. yi b
= for tanB<1, decay H*—cs important (40% for m,,,=130 GeV) 00000 »
: : / g - -
= for tanf3>2, decay H*—1v dominates - 3 final states g f b
considered (lep. or had. decay of T and W) W_._;;,-:ﬂ___ ;
. D . f
= T T T T E 60
§ | ATLAS ] E i
T | ——ObsevedCLs Datazott | 50 Mh JS=(TeV _
= 1L - Ex§§£¥§d ° \:_aT oV Data 2011 Jldt=4.ﬁ fiy”
E E f ;% B 5 E 40F ——. Median expected exclusion
[ I'-d‘=4-6 1 i cosenedaciaan sy => No excess above SM background
------ served +1o theory =3
10-1? é -i=m==. Observed -1o theory
g 1 => H* allowed phase space heavily
o . 1 10 i i ] constrained (m,™Ma scenario
- combine 3 ke smeeZleaesan -
T . S— ] - tanp>12-26 excluded for
90 100 110 120 130 140 150 160 9 100 110 120 130 140 150 160 90<m,;,<150 GeV)
m,,. [GeV] my [GeV] -

= Assuming Br(H*>1*v)=100%, limits on Br(t>bH *)
between 1 and 5% (significant improvements wrt Tevatron)
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Incl.
searches

Extended

Natural SUSY

MSSM | | p + RPV

SUSY searches
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MSUGRA/CMSSM :
Pheno model :

Pheno model :
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L=13.01b", 8 TeV [ATLAS-CONF-2012-154]
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. I I
L=581b™, 8 TeV [ATLAS-CONF-2012-108]

L=58 fb™, 8 TeV [ATLAS-CONF-2012-104]
L=58b”, 8 TeV [ATLAS-CONF-2012-108]
L=5.8b”, 8 TeV [ATLAS-CONF-2012-108]

L=58 fb™, 8 TeV [ATLAS-CONF-2012-152]
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L=12:81b”, § TeW [ATLAS-CONF-2012-165]
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0 gmass (mii)) > 50 Gev) J.Ldf = (2.1-13.0) fo
gmass

gmass (mii)) > 220 Gav) s=7.8TeV
690 GaV 9 mass {mif) » 200 csv)
645 Gav F scale {m(G)> 10 eVJ
12aTev § mass (i) <200 Gav]
850Gav| §mass imii)) < 300 GV
8 TeV results

BB0GeV J mass (mix 3< 300 GaV)
1007V g mass {m{x 1 <300 Gav)
145TeV mass {m[‘,{ ) < 200 GaV)
620 GeV b mass {m{_x ;< 120 Ge\."]
_ 405GaV b mass {miz,)= Zm{x 1
t mass {m{lj 56 GeV)
160-350 Gev { mass {m[‘,( 1= oasv mii,) = 150 GaV)
160-440 GaV tmass {m{;( 1= 0 Gev, m{l] miF, ) =10 Gev)
230-560 GaV_ t mass {m{;( 1=10)
230-465 GeV tmass {m[}(] oy

t mass {115<m{1 ]<230 Gav)

1, m:ass_t {m{_;( )= 10 Ge, m{lv:l —(m{_x :nm[‘,( i
msw x I'T'IE.SS {mix ] m[‘,( ), m[‘,( ] o, m{lv]as above)
{m{;( 1= m[',( Jm{;( 1=10, slapbclrls decoupled)
{1s1f. ]< 10 ns]
gmass
t mass
TMass {5 < tanfi < 20}

gmass (10" <1y, < 1.5:10"

V. mass (i, =010, 4,,=0.05)
\.r mass (i, =010, 4, ..=0.05)
q g mass {E1,4< 1 mm}
7006GeV  } mass {m{',( 1> 300 Ge\." Ay

Tmass {m{_;( 1= 100 Gav, m{k]—m{h]—m{l,] Ly
§ mass

% mass

.1 mm <ot <1 m,g decoupled)

3l

or;\ >DJ

|:|r;\“1 o)

430 GaV

704 Gav  MM* Fcale {m, = B0 GeV, limit of < 687 Ge\/ for B)
| N | [ |

10

*Only a selection of the available mass limits on new states or phenomena shown.
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=>» ATLAS seriously bites in weak scale SUSY between 10

0 GeV and 1 TeV
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Non-SUSY searches

Heavy gauge bosons

Lepto quarks

New quarks

ATLAS Exotics Searches* - 95% CL Lower

its (Status: HCP 2012)

Large ED (ADD) : monocjet + E
Large ED (ADD) : monophoton + £, ..
Large ED (ADD) : diphoton & dilepton, m,,
UED : diphoton + E; ...
8z, ED : dilepton, m,
RS1 : diphoton & dileplon,mﬁ fi
RS1: ZZ resonance, my,
RS1 : WW resonance, m, .,
RS g, —t (BR=0.925) : tt —= I+jets,m

T.miss

TTTT I T T TTTT
My (5=2)

Mg (5=2)
M (HLZ §=3, NLO)
Compact. scale R’
My ~ R
Graviton mass (k/Mg = 0.1)
Graviton mass (k/Mg = 0.1)
Graviton mass (k/Mg, = 0.1)
g,, mass

ATLAS

Preliminary

ILO‘I = (1.0 - 13.0) o™

ADD BH (M, ,, IM,=3) : SS dimuon, Noy sy M, (5=6) fs=7,8TeV
ADD BH (M., /M =3) : leptons + jets,Lp My, (5=6)
Quanturn black hole : dijet, F (m My, (5=6)
....................................................... tica contact interaction” Fm ) SR
qgll Cl: ee & pp, r}!l“ L=4,95.0 ib”, 7 TeV [1211.1150] 4387eV| A (constructive int.)
uutt Cl : 5S dilepton + jets + E, . |L=1.01b™ 7 Te\ [1202.5520) 1T TV A
................................................................................... Z(SSM)mmw ——— TMT 7 mass
Z'(SSM) im. |t=a7 w7 Tev (1210.6604] 14Tew Z' mass
L VW' (SSM) iy, [L=47 07,7 TeV [1209.4446) 255TeV W' mass
W (—1tg, g =1):m, |i=47m" 7 eV [1209.6503) 430GaV W' mass
W, (= th, S%M) 1M |L=10 1,7 TeV [1205.1016) 1437V W' mass
L=4.7 1b”, 7 TeV [1209.4448] 242TeV  W* mass
=101, 7 Tev [1112.4828) e80Gev T gen. LQ mass
__OJ L=1.01b", 7 TeV [1203.3172) s8sGav 2" gen. LQ mass
L=4.7 fb", 7 TeV [Preliminary] 538Gev 3" gen. LO mass

g N 4‘“_ genera_ticm St — WbWh  [L=47 b7, 7 Tev [1210.5488) 656 GeV 1 mass

5 47 generation : b'b(T_ T.,)— WIWt |L=471b™ 7 TeV [ATLAS-CONF-2012-130] 670Gav| b (T, ) mass

3 New quark b’ : bb'— Zb+X,m,  (1=201".7 TeV [1204.4265) 400GeV b’ mass

; Top partner: TT — tt + A A (dilepton, MTZS L=4.7 b7, 7 TeW [1209.4186] 483GeV| T mass (m(A ) < 100 GeV)

@ Vector-like quark : CC.m, [L=461b", 7 TeV [ATLAS-CONF-2012-137] 142Tev VLQ mass (charge -1/3, coupling x g = v/mg)
o Vectar-like quark 1 NC.m, |0=4616", 7 Tev [ATLAS-CONF.2012-137 1.087ev| VLQ mass (charge 2/3, coupling K = v/my)
L Excited quarks e |Lz22 67 Tev [1112.3550) 24ETeV| q° mass

e % Excited quarks : dijet resonance, m, |L=13.01b", 8 Tev JATLAS-CONF-2012-148] 3B4TeV Q' mass

= Excited lepton : -y resonance,m  |i=13.01b", 8 TeV [ATLAS-CONF-2012-146] 22 TeM | |* mass (A = mil*))
..................................... T é'éh'ﬁi:ﬁéﬂfbﬁé'”([ST'C”)"';"H'i'l'éb'iﬁl"i;'i‘ﬁ'e;;:”' B2, mass (mip fax) - mix) = M,

Techni-hadrans (LSTC) : WZ resonance (Vlll},mr we p_mass (mip_) = mir,) +m,,.mia) = 1.1m{p.))

& Major. neutr. (LRSM, no mixing) : 2-lep + jets N mass {m(W_) = 2 TeV/)

= W, (LRSM, no mixing) : 2-lep + jets Wy mass (m(N) < 1.4 TeV)

o] H (DY prod., BR{H —ll)=1) : SS ee (uu), m H* mass (limit at 398 GeV for pu)

H* (DY prod., BR{H=ep)=1) : SS ey, mq'l'

Color octet scalar : dijet resonance, my

H* mass

Scalar resonance mas:
1 1 L 1 1111 1 11

10™

*Only a selection of the available mass limits on new states or phenomena shown

10°
Mass scale [TeV]
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