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The SM and the Higgs
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And the odd one:

 Higgs boson

4

 Mass ~125 GeV
 Charge 0,
SU(2) doublet
e Spin0
* Non-universal
couplings
— supposed to give
mass to SM particles
 Has external potential!




The SM and the Higgs

The SM Higgs boson is not just some new particle.

Its a
 Fundamental scalar field
 With an external potential and non-zero
vev=vacuum expectation value
« SU(2) gauge interactions that generate the W and Z mass
 Yukawa interactions that generate fermion masses

All this needs experimental tests

« How many new particles and what is there mass+width?

* Is the coupling strength compatible with the predicted SU(2)
gauge and Yukawa interactions?

 Are the angular correlations of initial+final state particles
compatible with a scalar particle (spin 0, CP even)?

 |s the multiple Higgs production rate compatible with the
“mexican hat” external potential
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* The two sensitive channels are H—>W and H—-ZZ—4l
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 On the theory side:
Ly = (a H)(0"H) —

A\
— af“H .H—/\UHS—IH“L

« U is given by W mass measurements: m, measures A
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* The two sensitive channels are H—>W and H—-ZZ—4l
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 Both channels have in principle also sensitivity to the
width. However, the width of the SM Higgs is only
~ 4 MeV, while the experimental resolution is ~1 GeV!
* No public results on the width yet, but all peaks in
ATLAS and CMS look “narrow”. An upper limit of
~1 GeV can be expected sometime in the future
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« We want to measure the mass of the particle itself, but
assuming as little as possible about other SM Higgs
properties: coupling strength and structure
— Likelihood as function of the mass hypothesis

— Keep the signal strength 1 as a free parameter!
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But careful: this is not the best estimate of the mass,
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Signal strength (u)

because u(yy)=p(4l)!
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« We want to measure the mass of the particle itself, but
assuming as little as possible about other SM Higgs
properties: coupling strength and structure

— Keep the S|gnal strength u as a free parameter'
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 These plots have “hidden” dimensions, where the signal
strengths p(yy) and i (4l) are treated independently

(for CMS also pu for gg—H and VBF in H—yy is separated)
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e The CMS mass measurements of H—»yy and H—-ZZ are
within ~1 sigma of each other. m(yy)<m(ZZ)

e The ATLAS mass measurements of H—-yy and H—-ZZ are
~3 GeV different, corresponding to ~2.70. m(yy)>m(ZZ)
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Excursion - illustration of what to ask

 For each property we measure we need to ask the right question
to make sure that our question doesn't bias the answer we get

« Example: mass

 The p-value answers the question: how likely is it to explain the
observed excess with a background fluctuation?

 This question is asked independently for different fixed mass
hypOthESiS : CMS Preliminary s -7 TeV, L <5.1 fo' v’sTEI.Te:\I,ILls:1:?.:?fIb;‘

 Expect to see a minimum p-value '
close to the mass

« BUT: background uncertainties
that vary strongly as function of RN \ /
the mass can bias the mass point  1¢°} 160
of the least likely fluctuation \/
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Excursion - illustration of what to ask

 For each property we measure we need to ask the right question
to make sure that our question doesn't bias the answer we get

« Example: mass

 The strength p answers the question: what is the most likely
signal strength to explain the observed excess?

 This question is asked independently for different fixed mass
hypothesis

 Expect to see a maximum [ close to the mass

« BUT: signal cross sections and BR that vary strongly as function
of the mass can bias the mass point of the maX|mum u
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 The SM contains exactly one complex scalar doublet @ :
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Additional Higgs bosons may not appear in the SM Higgs
searches at all or might have a weaker signal
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Properties of the SM Higgs boson

« The mass is ~125 GeV
 That's it. There is no other free parameter left in the SM !
— see Alexander's lecture

* If the coupling strength to W and/or Z is modified:
* W and Z mass come out wrong
 VV—-VV scattering is not unitary
« Same argument for Higgs self-coupling
* If the coupling strength to fermions is modified:
 All fermion masses come out wrong
« WW—ff scattering is not unitary
* If its either spin!=0 or CP odd, for sure not the SM Higgs
* The SM is really a nice consistent model...
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Measuring the Higgs properties
 Of course, we also want to measure all Higgs properties

* Coupling strength to W and Z:

 Coupling strength to fermions:

f
----- Guff = myjv = X 1)
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Measuring the Higgs properties
 Of course, we also want to measure all Higgs properties

* Coupling structure to W and Z:

 Coupling structure to fermions:
f
H _
...... o
f

— tomorrows lecture
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Measuring the coupling strength

 What is the input for the coupling strength
measurements?

| | | |
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* Results expressed as U=0*"BR/(c*BR(SM))
 But what if its not the SM Higgs?

Michael Duehrssen
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Measuring the coupling strength

» At first glance normalizing to the SM with
L=0*BR/(c*BR(SM))
looks just like a convenience

* However, the SM is somehow contained in all analysis at

a deeper level. All acceptance estimates are done with
SM Higgs MC !

« We assume there is only one particle with a narrow resonance
— if its not narrow, can't factorize production and decay

* If angular correlations change, the acceptance changes
— Spin 0, CP even is assumed in many places

* If pT distributions change, the acceptance changes
— this mostly assumes that inclusive production = gg—H

» Especially EW NLO calculation require the SM coupling strength.
Otherwise they are just not defined

At LHC we almost always observe a mixture of different
production modes. If their relative contribution is not SM-like, the
acceptance changes

(but this can be mostly taken into account in coupling fits)
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Measuring the coupling strength

e Solution: get rid of the SM predictions and base all
calculations on a consistent BSM Lagrangian that allows
all possible coupling modifications

 Easily said, very hard to do...

» Attempts are running. If you are interested join the LHC
Higgs XS WG on the light mass Higgs (LHCHXSLM)!

* This is a project that will take several years... for both
theory and experiments

* The problem was long discussed in the LHCHXSLM
group last year

 LO motivated interim recommendations proposed to get
experiments going:
http://arxiv.org/abs/1209.0040

* As the experimental errors are still large, this is currently not
a big restrictions
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http://arxiv.org/abs/1209.0040

Measuring the coupling strength

 Challenge: separating different production modes !

 Currently the main issue is to separate gg—H and VBF

— only jets and theory predictions separate these!
— gg—H contamination of VBF selections ~20-30%

but large uncertainty of >50% on gg—H+2j
— Alexander's talk
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Coupling strength measurements

» Search for deviations from the SM in the Higgs coupling
sector. This allows to use the best available SM calculations
as reference. But not a measurement in the strict sense!

e Can also use all SM theory uncertainties! — Alexander's talk

« Assumptions:

* Only one resonance at ~125 GeV
« Narrow width approximation is valid:
3 ooiclyg o Ty-ly
o X BR(ii > H— ff) = . oc O
« Spin 0, CP even: only the coupling strength is measured

* As long as all results are consistent with the SM, this approach is
valid
* If any deviation appears, it means that the underlying reference
calculation might not be valid any more
— will need measurements based on calculations with
a consistent BSM Lagrangian to make any further

statements

Michael Duehrssen YETI'13 19




Coupling parameter framework

* Scale the SM production cross sections and partial decay
widths with LO motivated scale factors k.

Production modes Detectable decay modes
T goH K2 (Kb, Kt IMg) rww'i*“-' )
S = ) 2 (5) S (10)
{J_SM Kz l_.gj.,,.[ W
getl i wwi
O VBF >
Y — K{_—EF(H“.'. Kz, ?”H} (6) ]._EZ{«‘.- 7 _
7 VBF ST (11)
( ']_-lﬁrrH 2 - 77 (%}
sM W (7) -
Y wWH bb 5 .
— = K (12)
om M -
erI-.__.[ — H‘-z (8) bb
ZH r‘:_ T .
T{H 5 or - K (13)
— Kk I
oM " ©) L
H 7 }
" [y 3 hz;{r:b. Kt. Kro KW, IME) (14
[sM K2 )
2 ,
Total width
r[-[ KII_I{H;'. H!H} -
PV (21)
I Kg
i 7
Kg * Ky
° Example: (c-BR)(gg = H—vyy) = osm(gg— H)-BRsm(H — vy) - —
K
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Treatment of total width

* The total width is not directly observable at the LHC with an
expectation of ', ~ 4 MeV. Nothing indicates that the width could

be >>100 times — not expected to be observable

* Imagine:
0O e rﬂr
['H
« Some new physics causes all cross sections and partial decay
width to take 2* the SM value
o, — Z*Gii ; rff — z*rff ; rH — 2*rH
 All observable 0*BR would go to 2* the SM value
 But in addition the new physics Is causing some unkown Higgs
decay mode (e.g. to many light jets) which takes 50% of the BR.
This is very likely never observable at the LHC
* All observable 0*BR take exactly the SM value, although the
theory would be extremely different
 The LHC is blind to some combination of increased coupling and
new unobservable decay modes

YETI'13

o X BR(ii - H—[f) =

Michael Duehrssen
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Treatment of total width

* The total width is not directly observable at the LHC with an
expectation of ', ~ 4 MeV. Nothing indicates that the width could

be >>100 times — not expected to be observable

* Three options (a 4th option is ignored for now):
 No assumption: treat total width as effective parameter. However,
this always results in one unconstrained degree of freedom at the
LHC
— absorb the ratio of two independent degrees of

freedom (containing K,)) into one effective ratio parameter

« Assume no BSM Higgs decay modes contributing to the total
width: BR(H—new,inv.,undet.)=0

. (;, my)
H:%'I (kj,mp) = Z ESM?(T?IH)
j — ]ﬁ"i’ﬁ"f*} ZZH::I . hF’ T_T—i_'.- B’
vY, 2y, 88, tF, ¢T, 85, u"u ™

« Assume at least one coupling has a fixed strength kK. =const. This

has a similar impact as the no BSM decay modes assumption

YETI'13 22
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Current reality

* The statistical power of many channels is still very limited,
giving statistical errors of ~100% on the rate measurements

Is=7TeV,L<5.1fb" \s=8TeV,L<12.2 fb"

| | | | | | |
ATLAS Preliminary i my, = 125 GeV CMS Preliminary m, = 125.8 GeV
W,ZH — bb H— bb (VH tag) -|-|—
e it —_ H— bb (tiH tag) .
H— 1t : H— 1t (0/1 jet)
\s=7TeV: |Ldt=461b" P S
\s SvaLdt 13fb H — zt (VBF tag)
H-ww = viv ;
Vs =8 TeV: | Ldt= 13 fo™ i H— 11 (VH tag}
H— vy H — vy (untagged) —l—
Vs =7 TeV: | Ldt= 481 P
\s =8 TeV: fl_dt 137" H— vy (VBF tag) -
H-zz" - 4 i :
Vs =7TeV: [Ldt= 461" e H— WW (0/1 jet) -
\s=8TeV: |Ldt= 13" ;
: H— WW (VBF tag) -

combined ., H=1:30£024 H— WW (VH tag) =
{s =8Tev: JLdt = 13 1b”

| | | | | | H— 22 L. i

-1 0 +1 -2 0

Signal strength (u)

 Can't measure many independent parameters so far

 Make measurements in benchmark scenarios that highlight

different aspects of the SM Higgs sector properties

Michael Duehrssen
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Couplings to fermions and gauge bosons
« Assume all fermion couplings scale with a common factor K

I
H
------ < gurr = mpfv = (V2G)Ymy X \7) EKF
f
H . — o o
______ @Ei gmvvy = 2Mi /v = 2(vV2G )Y M XA —1Gp) I:kV
V.

« Assume no BSM particle contributions to the
H—yy and gg—H loops

g, Wﬂ. g 00000
————— + ---FY -----
|:kv - EKF - g o000 D(F

e Assume no BSM contributions to the total width

Michael Duehrssen YETI'13
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Couplings to fermions and gauge bosons

 Correlation of K, and K_ T e e
o B L L B L L B B BN 15; —f
- ATLAS Preliminary + SM . : ’
3;_ {5 =7TeV, |Ldt = 4.8 1" i%e:ﬁff{%“ =KF:::{2'3_; 1'02_ 5'! ,/ 5\.] ; B
C Vs =aTeV — 5.8-5. -1 -2 n A K-.,ﬁKF < 6.0 ] - ; J
of =0T Juat= 58 —— 3 050 N\ ;
3 . @ E 0.0f- -
of- & 0.5 .:"f:”'":{"*.. —f
: o ] - ) i
LESS -: O _-
: Mo : T AN :
S R MR - N R NI 151 R - :
KV 2.0:“ | Ll | L1
0.0 0.5 1.0 1.5 KE.O
 Why several minima? Should actually o v
u ] n'\ﬂﬂ}r L]
be 4 minima, as both kK, and K_ enter W ;u,-% Y o
- e e D 2 ____"_l__ <
squared into xsec and BR My, 2" 2 @s;s-"’"‘%
. W S “n U
- However, one global sign: A e

choose K, >0 SR -

H —~ K= c - 0.28 & |?

- HHyy decay breaks symmetry of <t K?=|1.28 K, - 0.28 K
] n t
minima
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Couplings to fermions and gauge bosons
 Which channels actually measure what?

CMS Preliminary \s=7TeV,L<5.1fb" {s=8TeV,L<12.21b"
w E _ ' . ; '
2 L SM Higgs @ Fermiophobic ¢ Bkg. only
o 2 H— Ww : _
3 [ || Production Decay LO SM
c [ - C2 XC3, :
.E & : VH H — bb ~ "(f_, £ ~ C ;3
Fypl
H CaxO% .
s ttH H — bb R ~ CE
— I ‘B
(o] - T 5| l,.—..fz.' 'f_'z L
o> VBE H-orr ~ ~ C3
£ I Q\-"fq" c2 .xF( 2 9
e r l goH H = 7T ~ ok ~ C%
[ T = —E
o : - : o el -+
n 0l goH H— Z7 m—"‘(—xz—‘ ~ C%
L — TIXCE 2
E goH H—=a2WW | ~ ZE5X ~ C%
1 (u.?("f'-{. 2
[ + o VBF Hep W |~ Tt ~ Cy /CF
| _ . Cex(8.6Cy —1.8CF)* 2
-1 o goH by [~—Emugem—i iy
I : S - C2 x(8.6Cy—1.8CF)2 vd 12
_ H--‘- bﬁ \' [;[1 }‘i — Yok e b _f'ﬁ o ( i" J/(I'
i) — L. I N R 1
0 0.5 1 1.5

.IC.,J (scaling of vector boson couplings.}
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Couplings to fermions and gauge bosons
« Measurement of K, and K_
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o4 8 = {5 = 8TeV, ILdt =58-5010" ....exp. -2In ;\{}-;:Fjl = o - 5 = 8TeV, L[Ldt =58-591" ....exp 2In .-“';I:K'V]' E
7E = S =
6E- E 4% \ ]
3 . E - .
o: °F E
3E- ' = of E
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= E 10 -
1E = - -
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- il = — o .
< _F . < F
N 8F E N8 =
7t £ U3 E
6 E 6 =
5 \
4F —f Ak _
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1 ] 1
0:I 111111 1 | 1 in g1l | | T Y I | | T I | I: 0: II|II\ 1111 |I L \Ill IIIIIIIII | IIIIIIIII |IIII:
-2 -1 0 1 2 0.6 0.8 1 1.2 1.4
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Couplings to fermions and gauge bosons
« Measurement of K, and K_

g 122_”‘%'&145"ﬁfé"'m'ihé'r?'_f""La;'t;.'z'm"_;.{.f;;””'_; * In the SM would expect a
_; ig: & = 8TeV, ILut;ﬁ:ﬂ-agm" cen €XP. 2 INA(K ) :; clearer minimum for KF>O
o =+ However, H—yy is high!
aF « ATLAS: also WW/ZZ is high,
K3 E so best fit still close to SM
2 « CMS: best fit for flipped
fermion sign, as WW/ZZ is
N 1OC.MS Prelimi frsl'ls'lssi?ITlev,lLlsl:?Al fbflv'lsI:IalTlelv,lLlsl1|2|,2|flt>"‘ " IOW
< o - NV A W
i3 E Yy, %w """" Z S
o \ E W B nmnann D™y
51 1 ,
4;_ _; : - .,W;:"'-,W
3F E t
2 \/ : ---*-‘--<t ~k?=[1.28 K, - 0.28 K2
1 | : VA
q2 IIIIIII Il‘ll (|)'|2 T

Kr (xy profiled)
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Couplings to fermions and gauge bosons

- Can we solve the ambiguity of Kk, and K_?
e arXiv:1211.3736 : use tH production!

1T W w VWS — g~ AN

L T I I

|!.| t .
L

e Cross section for tH production is small in the SM

pp—thj (LHC 14 TeV)

FAVAVAY

B .

| N T T T

I S W W N SR S SR S R S il SR SR R SR SR SRR |
-2 -1 0 1 2

* Very good example where not Bbsewing something (SM)
would be extremely valuable information
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Custodial symmetry of W and Z

For the W and Z mass we get

_-nllr‘i,l‘!,l' — (H'a"]- ﬂfg — Vlfffj -+ fj"jf.-'ll — ﬂlf"ﬂ-‘f-"lrﬂlfz = CO08S L'.'.'}“.-

The Higgs couplings to W and Z should mirror this ratio
Essentially measure ratio of H-WW to H—-ZZ

v,
H — 9 1”r_ o — af ey 312 1lj,rj w (—i j'
""" grvy = 2Myjv = 2(V2iG, )" My \ =10

) CMS Preliminary {s=7TeV,L<5.1fb" Vs =8 TeV,L<12.2fb"

.illr J5.0:IIIII||||||||:||I|||||||||||||||l||'||||||:

— Observed

frrryrrTrr Ty T T T T T T T T 5453— :. —f
< g ; ---- Exp. for SMH

a\] 4.0:— \ T

3.5 ‘-. 1 1
3.00 "- / 1
251 "-. £
2.0 ': £
1.50 .". E
1.0f y
I I B rill TR N T U A T AN SN SO A B M O O 0.5;_ ."‘. _;
G-ﬁ D.B 1 1.2 1-'4 1.5 1-8 2 2-2 2-4 2-6 0.0:|||||||||||||||||| I N [ IR .

% 0 0.5 1 1.5 2
Wz A

 Small difference between ATLAS and CMS: ATLAS plot doesn't ;Vrzlake
assumption on total width, CMS has BR(H—new,inv.,undet.)=0
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Ratio of up- and down-type fermions

* In many BSM models (e.g. SUSY) the up- and down-type
fermions couple differently
 Experimentally the up-type fermions are accessible
through the gg—H production
 Experimentally the down-type fermions are accessible

through the H—bb and H—-11 decay

CMS Preliminary {s=7TeV.L<5.1f" V{s=8TeV,L<12.2fb"

_|5-0: """ T [t  BRJREE LA RRRN RANEE. T

£ 45F
< 45

— Observed

---- Exp. for SM H

o 4.0F
" 35)
3.0
2.5}
2.0F
1.5/
1.0F

0.5}

0.0:||||||||| L

Michael Duehrssen

12

10

-2 In AR )
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Frryrrrrp et
— ATLAS Preliminary _2InA(L )
- ys=7TeV, |Ldt = 4.8 fb" du
Y5 =8TeV, det: 5.8-5.9 fb™

- Only 2011 data
— for bb and t1 !




Ratio of leptons to quarks

 Experimentally the lepton coupling is only accessible
through the H—1T decay

 Experimentally the quark couplings are accessible through
the gg—H production and the H—bb decay

CMS Preliminary {s=7TeV,L<5.1f" \s=8TeV.L=z122fb"

_|5-U:""| """"" L - B A
C § 1 i\ |= Observed . — L L L B L L L B
— 4.5 ' P = e = i =
< : : Oy Exo. for SMH | g 9: ATLAS Preliminary AR 3
o 4.0F ' ' I = BE (5=TTeV, _[Ldt:el.srb" o =
. : : o 25 (5=8TeV, [Ldt=58-5.9 1" 3
3.5 — - .
g 6 —
3.01 E S Only 2011 data / E
2.5F E 4E for-bb-and 1T !
2.0F 2 3 E
1.5F = 2E E
- 1
1.0F =
- 0 I i
051 E -3 2 1 0 1 2 3
0.0 | AL "
' 0 2
7°|q
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Probing possible BSM contributions

* So far all tests assumed that only the SM particles exists
« However, especially the loop processes could easily get
modified by heavy new particles: W', t', .

" VAATAAYEY 7 BO000
H H > H
————— + --- FY —===-
- . O O0000

VAVAVAVAVARS

 Hence measuring the effective coupling strength K and K is
a very good probe for BSM physics!
* Luckily/unfortunately almost all the powerful channels have
either gg—H production or the H—Yyy decay
 Hence have to assume (for now) that all fermion and vector
couplings have exactly the same strength as in the SM: k.=1

o Little power so far to loosen this assumption
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Probing possible BSM contributions

CMS Preliminary {s=7TeV,L<51f" Vys=8TeV.L<12.2fb"

2.0 R BERERRRES .
o — I I I I I I I [ ]

< 290 ATLAS Preliminary + SM i < 1 sk E

[ {5 =7Tev, det:at.ﬂ i x Best fit i F :

- fs-8Tev JLat=58-59m" — 2 NMAKK)<23 1.6] -

ol '8 = EIEV LA =0E 2N AlK k) < 6.0 — - -

. f ] 1.4 =

i . i 1.2F ' =

1.5 . ] :

i E N 1.0F .

[ . ’ 0.8 -

1= ) — - ’

- - 0.6[ ]

; e N ) 0.4 3
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CMS Prelimil ] 'y 1(7

1 5.0 e e e ) 5O s o o
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H-WW and H—-ZZ a5 35f
3.0 = 3.0F =

2.0F E 200 E

¢ H—>W then 150 E 15 .
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Y- R Y A R 2 R T A

Kg Ky
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Probing possible BSM contributions

« What about possible BSM contributions to the total width?
 As discussed before, the total width can't be measured

- However, if we make assumptions, like K.=1 for all known SM

particles, we can “measure” the effect from a BSM decay with
BR(H—new,inv.,undet.)

* This would be natural in a SM extension, where the SM Higgs
sector is unchanged, but heavier particles appear

CMS Preliminary {s=7TeV,L<5.1fb' Vs=8TeV,L<12.2fb"

- UL LR DL LB LR LN LA LR LN DL _|50: IIIIIIIII e T e .
e - ML - cC - — Observed ]
g JE ATLAS Preliminary __2InA(BR } = — 4.5 B
:_; - ]'E - ?TE‘.'"u": _[Ldt - 4.8 fb-l iny.,undet. . ﬂ - -—-- E)(p. for SM H N

- Fj:— J. . E A 4.0 ; -

o — V5 =8TeV, |Ldt = 5.8-5.9 fb - \ = - -

= - a 3.5 =

o E E 3.0 rr’ —

4 - - - /; ]
- - 2.5 ]
3E = i K ]
: . 2.0 E
2e E 1.5/ s
; Z ;
Dé T : o il i || | | | | | I | I | | | | | | I | | | I | I i1 I—I-: 0.5:— ’(”' _:
0 01 02 03 04 05 06 07 08B 009 - 1
L '|’| I EEEERE R [IEEEE NN [diiiii1 lovanniiag B
BRy. undet. 0.05 02 04 06 0.8 1
BRBSM
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CHE Freimnary js = 7TEy L= %1

Finally, all in one fit....

' s =2 Tey Lorzamn

5.0 ._

-2A0InL

|
— b niad

==+ Exp. for SN H
i -

0 05

CHE Freimnaty jz = 7 TeEy L= %1

' s =2 Tey L2

-2AInL

— b e

=== xp. for SN H I
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Coupling measurements : now & future

* So far no significant deviation from the SM
observed in the Higgs coupling sector with the
analyzed 2012 data

* The full dataset will ~ double statistics
— don't expect huge changes

 However, more luminosity makes low rate

analysis possible
— can give crucial input to coupling measurements
— Will keep us occupied for quite some time

« What can we expect from the future?
* Assuming we get 300 fb-1 @ 14 TeV
* Assuming we get 3000 fb-1 @ 14 TeV
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Coupling measurements : 0*BR

« ATLAS and CMS have studied the prospects for c*"BR
rate measurements recently within the European
Strategy process

ATLAS Preliminary (Slmulatlon) CMS Projection
= _ o | _ | [ | | ] [ [ | | | | | 1 | | [ | I | |
f5 =14 TeV: [Lat=s00 ' [Ldt=3000 " Expected uncertainties on 100" at 5= 7 and 8 TeV -
| Ldt=300 b extrapnlat.ed fmm? BITeV nggs boson signal strength m 300 fb" at 15 = 14 TeV —
H—uu ; 300" at f5 = 14 TeV wio theory unc.  |—]

ttH.H—uu

Hoyy

VB H- WIY | H—Z2Z

Howw [ H— WW | H——H

VH A=y - ; Hott : H i
| - : } :

H—vv (+i : T B T N T T TR R (R T S W M
pdcl - 0.0 0.5 1.0 15 2.0

0 02 04 06 Oi u:o-*BRIO'*BR(SM)

w
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Coupling measurements : 0*BR

* The clean final states H—yy and H—ZZ are basically only
statistically limited
— final experimental uncertainties of <5% are reachable
— current theory uncertainties are ~10%

* For other final states precisions of ~20% are reachable

* Also rare processes like H—Hp or ttH are accessible and
will provide direct information about the otherwise hard
to access - or top-coupling — next slide

* Remember: these results are from selected benchmark
studies for the European Strategy. In reality both
experiments will optimize measurements for all
combinations of initial and final states and further
subdivide into categories to improve the overall
sensitivity
— this will give another substantial gain
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Measuring rare processes

 With 3000fb-1 even very low rate channels can be
measured at the LHC — provided the channels have a
clean signature

 Examples: H—uu; ttH,H—-yvyy; ttH,H—puu; VH,H-ZZ; ...

* All these measurements will help completing the Higgs
picture

200 -gg » H— mH=125 GeV

2 100 S Ao T T T o
®  300F ATLAS Preliminary (Simulation) ttH 8 107E ATLAS Preliminary (Simulation)
o (s = 14 TeV \“ZNHH 0 q0° Is =14 TeV A
£ 250 | Ldt= 3000 F o | Ldt=3000fb" W ”x y =
—- T — v X pv =
g hoton *’E 108 — WW— pvpw EE
w o uwvl =
(T =

150f— 10°
B 5
100F 10
505— ttH H—>W ©
- ? 10°
0T 120 T30 40— 1e0 102

diphoton mass [GeV]
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Ratios of partial width

 For a narrow Higgs the measured ATLAS Preliminary (Simulation)
rates can be written as /S = 14 TeV: [Ldt=300 " ; [Ldt=3000 b

| Ldt=300 fb” extrapolated from 7+8 TeV
LI LI T T 17T I

a(i)*BR(f)=r (i) * I (f) / T (H) e
[/ Ty
 Without an assumption on the /T, F
total width this allows to . F
measure only ratios of partial te
width I roir, |-
Ty /T, -
« Especially interesting to test T, r
[(t)/ T (g) ~20% level T, IT r
(1) /T (1) ~ 25% level - PR T
0 0 02 04 06 038
° r(y) l r(z) < SA) Ievel ﬁ(l"x!l",f) ﬁ(K‘xfl{Y)
/Ty N Ky/ Ky
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Absolute couplings

* With the assumption that no BSM Higgs decay modes
have a sizeable contribution to the total width ' (H),
absolute couplings Ci can be measured.

Notation : I' (i) ~ (Ci)? ; Al (i)=2*ACi

 Experimental CMS Projection
precisions on the Expected uncertainties on | toma m-rmssny |
measurement of Ci Higgs boson couplings oo - 14 Tl i |
are in the range
~5'1 0% Cy
 Current theory Cv
uncertainties are Cg
sizeable, but are also Cq
expected to improve cl } e ,
in the next years R ST
0.5 1.0 1.5
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Absolute couplings

 If good agreement to the SM is seen in all general
coupling fits, it is likely that coupling parameter fits of
only a few parameters are made to reach the highest
sensitivity for deviations from the SM Higgs sector
 An example is the model with only two coupling

parameters, one describing the fermion sector (k) and

one describing the gauge=vector boson sector (K,)
m 1 15 CMS Pr::-je;tiup |

300 fo' at (5= 14 TeV

¥ N
Cosh ATLAS
. 300 fb~! 3000 fb~!
: ky | 3.0% (5.6%) | 1.9% (4.5%)
add3 ki | 8.9% (10%) | 3.6% (5.9%)
090 N e

G.BE :. i ] i i i i ] i i i i ] i i

0.9 1.0 1.1
Ky
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