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How do we measure the Higgs self coupling?

. {00!
Standard Answer: you need to produce at least two Higgs! Froderiv et al. ‘14

A = K) )\SM HH production at 14 TeV LHC at (N)LO in QCD
[T Ry My=125 GeV, MSTW2008 (N)LO pdf (68%ocl) |
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MadGraph5 aMC@NLO
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Current limits on ~) are much weaker than those on the other kappas. (k;=1)
19.7 fb™ (8 TeV)

5 10F cms 7 We can exclude only K ) 1n the range
B b ISy B
: L — s 1 (=00, —17.5] U [22.5,00) arXiv:1603.06896
T ~ y -
T - ] . .
* ol “ arXiv:1603.06896 | And the best experimental estimate for 3000
T = .-~ Observed 95% upper limit E —1 7 .
? ; ------------ (ijpected 95% upper limit E fb ( bb/)/’)/) are'
Sige K, =1.0,¢,=0, ‘. |7 Expected limit = 1 std. deviation _
e meminezasons 3 (—00, —1.3] U [8.7,00) ATL-PHYS-PUB-2014-019

-20 -15 -10 -5 0 5 10 15 20

N
¢

3



How do we measure the Higgs self coupling?

Standard Answer: you need to produce at least two Higgs!
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Pheno studies on LHC constraints for K y: |
Baur et al. "03. Baglio et al.; Papaefstathiou et al. ’12. Barger et al.; '*

SR I

O(N)Lo[fb]

Yao '13. de Lima et al.; Englert et al.; Liu and Zhang,; Wardrope et al.

'14. Azatov et al.; Behr et al.; Cao et al.; Dolan et al.; Lu et al. ’15.

Frederix et al. ‘14
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HH production at 14 TeV LHC at (N)LO in QCD 1
My=125 GeV, MSTW2008 (N)LO pdf (68%cl) ]

MadGraph5 aMC@NLO

Current limits on ~) are much weaker than those on the other kappas. (k;=1)

19.7 fo (8 TeV)

According to results of ATLAS-CONF-2016-049 (4b final state at 13 TeV)

RK) <~-8and K)>~12 are excluded

E : “‘\ .,:" :
X 0Tl s arXiv:1603.06596 |
T = 3
T  ----- Observed 95% upper limit g -
T [ Expected 95% upper limit ]
\%1 0_2 IREEEEE k=1.0,¢,=0, Expected limit + 1 std. deviation ]
© § Assuming SM H decays Expected limit = 2 std. deviations §
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Single-Higgs production 1s measured NOW: ,ulf |

ATLAS and CMS f -eo- Observed 10
LHC Run 1 lui Th. uncert.
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LHC 8-TeV data for most of the
single-Higgs production+decay
channels have been exploited for
a combined determination of the

various signal strengths (;.
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Atlas and CMS: JHEP 1608 (2016) 045,
arXiv:1606.02266

See talk of Stefan Guindon



... and more precisely in the

3000 fb~! :
Observable ATLAS-HL CMS-HL-1 CMS-HL-2
a(gg) - BR(v7y) 5@ 19 44123 09¢6.2
o(WW) - BR(v7y) 15 @ 15 10 ® 2.4 4.4 ®1.2
o(gg) - BR(IWW) 5@ 18 6 ©12.3 1.6 © 6.2
o(WW)-BR(WW) 9@ 8 2424 8912
o(g9) - BR(ZZ) 1o11 4©123  1.6®6.2
s(WW)-BR(ZZ) 16213 7@®123 198 6.2
o(WW) - BR(77) 12015 8@®24 2812
o(Wh) - BR(bb) — 8D 3.8 44 @ 1.7
o(tth) - BR(bb) — 356 11.7 166 5.9
o(t7h) - BR(~7) 17@12  28@ 117 12@59
o(Zh) - BR(invis) — 10543 35¢22

CMS Projection
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Expected uncertainties on
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Predicted precision on the signal

strengths ,ulf

Peskin, arXiv:1312.4974
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An additional and complementary strategy for the determination
(at the LHC) of the Higgs self coupling would be desirable!

We can exploit at the LHC the I I )Z

“High Precision for Hard Processes”

It is time for something new
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and probe the quantum effects (NLO EW) induced by the triple Higgs
self coupling on single Higgs production and decay modes.




An additional and complementary strategy for the determination
(at the LHC) of the Higgs self coupling would be desirable!

We can exploit at the LHC the I I )Z

“High Precision for Hard Processes”

It is time for something new

and probe the quantum effects (NLO EW) induced by the triple Higgs
self coupling on single Higgs production and decay modes.
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All the single Higgs production and decay processes are affected by an
anomalous trilinear Higgs self coupling, parametrized by K.

All the different signal strengths ,ulf have a different dependence on a
single parameter k), which can thus be constrained via a global fit.



Calculation framework

We assume that New Physics induces only a modification in the Higgs potential,
rescaling the trilinear coupling by a factor K

SM New Physics

V(H) = 2 H? 4+ Ao H® 4+ A H' ; S
VHS — )\3@]‘[ — /i)\)\g v H

m% = 223 MM = A M = )\ /4

Equivalently, the calculation 1s valid also for NP scenarios where effects from
anomalous HVV and Hff interactions are smaller than those induced by K ).

The calculation can also be understood as the sensitivity of the single-Higgs
production on the parameter ) in the kappa framework with 1 = kr = ky.
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Calculation framework

We assume that New Physics induces only a modification in the Higgs potential,
rescaling the trilinear coupling by a factor K

SM New Physics

V(H) = %fﬂ 4 AquH3 + A\ H ; VR
VHS — )\3@]‘] — /i)\)\g v H

m% = 223 MM = A M = )\ /4

Equivalently, the calculation 1s valid also for NP scenarios where effects from
anomalous HVV and Hff interactions are smaller than those induced by K ).

The calculation can also be understood as the sensitivity of the single-Higgs
production on the parameter ) in the kappa framework with 1 = kr = ky.

Equivalent study for only ZH production at e+e- collider in McCullough ‘14

Similar studies in EFT approach for only gluon-fusion with decays into photons in
Gorbahn, Haisch ’16, and for VBF+VH 1n Bizon, Gorbahn, Haisch, Zanderighi '16

11



The Master Formula

The term 2.N1,0 is the prediction for a generic observable Y. including the effects
induced by an anomalous A3 = k) ;3™ LO is meant dressed by QCD corrections.

YNLO = Zi 210 (1 + k)Ch)

12



The Master Formula

The term 2N1,o is the prediction for a generic observable Y including the effects
induced by an anomalous A3 = k) ;3™ LO is meant dressed by QCD corrections.

YNLO = Zpg 210 (1 + ’f@)

qu) 2% (MO*M SM) //

T A e _ 1

R PRV % = Mg~ R
o T J dradrafilen)fi(a2) 20 (MY Mo, ) d 1

b > [ deidea fi(ar) fi(z2) [MO[2d® M ~ R
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The Master Formula

The term 2.N1,0 is the prediction for a generic observable Y. including the effects
induced by an anomalous A3 = k) ;3™ LO is meant dressed by QCD corrections.

YNLO = H X110 (1 + k)\Ch)

L 9 20A5M)? [ 2
i = 5 04y = — ( 23 g (—W — 1)
1 —liA 5ZH 16 ™My T 3\/§

M The wave-function normalization

S N receives corrections that depend
--- e ®>--- ~ /ﬁl%\ quadratically on As.
Y I For large K ), the result cannot be

linearized and must be resummed.

/1?\ 0 g <1 k| <25 For a sensible resummation
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The Master Formula

The term 2iN1,0 is the prediction for a generic observable Y. including the effects
induced by an anomalous A3 = k) ;3™ LO is meant dressed by QCD corrections.

YNLO = ZH 210 (1 + kxC1)
ZNL() =Y10(1+C1+6Zy)

universal
52)\3 _ ZNLO2 ZNLO = (k) — 1_|_ (/ﬁl%\ 1 —I— O(li?))\ a?)
Lo Process and kinetic dependent
“2=74 —55§I§ZH)

(’)(/ii az) ~~ /f/\ClcSZH < 10% kAl < 20
15



NLO EW and anomalous couplings

If we modify a SM coupling via ¢$M — ¢; = x;¢SM, do higher-order computations
remain in general finite (UV cancellation)? NO
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NLO EW and anomalous couplings

If we modify a SM coupling via ¢$M — ¢; = x;¢SM, do higher-order computations
remain in general finite (UV cancellation)? NO

Exceptions

The renormalization of ¢; C; 1s involved 1n the renormalization
does not involve EW corrections of other couplings, but 1t is not renormalized
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NLO EW and anomalous couplings

If we modify a SM coupling via ¢$M — ¢; = x;¢SM, do higher-order computations
remain in general finite (UV cancellation)? NO

Exceptions
The renormalization of ¢; C; 1s 1nvolved 1n the renormalization
does not involve EW corrections of other couplings, but it 1s not renormalized
Standard “kappa framework” Sensitivity of ttbar production on K;
(No EW corrections possible) (NLO EW eftect)

Kiihn et al. ’13; Beneke et al. ‘15

Double Higgs dependence on K ) Sensitivity of single Higgs
(No EW corrections possible) production on K )

(NLO EW eftect)

18



Calculation of C] coeftficients
1 Loop Case : FeynArts, FormCalc, Feyncalc

v Cannot be expressed via

_[i_‘/ . \% Kl- KZ, KW
o Standard “kappa framework”

ttH decay and HV, VBF does not capture the full effect

g
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Calculation of C] coeftficients
1 Loop Case : FeynArts, FormCalc, Feyncalc

v Cannot be expressed via
_ ‘/ h Kl‘ KZ, KW

Standard “kappa framework”
ttH decay and HV, VBF does not capture the full effect

g

2 Loop Case : FeynArts and expansions

-q -, Large top-mass expansion
:‘:@ b o with terms up to O(mb /m?)
g9k
< v Taylor expansion in ¢*/(4m3,), ¢*/(4m?)
%ﬁ @< K up to O(g® /m")
Calculation performed in unitary gauge
%: in order to 1dentify genuine As-dependence

H — vy and keep only kinematic m g-dependence



Numerical results

o universal
2INLO — 2 67
05, = o MO — (ky — 1[C1]+ (53 — 1o O(k5 o?) Co= = /a;;ZZH)
A

Process and kinetic dependent

Cy = —9.514-10"% for k) = +20 Cy = —1.536-1073 for k) = 1

21



Numerical results

universal
2NLO — ZNLQ 0Ly
= = —1)JCy — 1 =
55, S kx — VOl (53 — 1fC2H- O (k3 Co = T 267
Process and kinetic dependent
Cy=—-9.514-10"% for k) = £20 Cy = —1.536-1077 for k) = 1
Co%] | ggF | VBF | WH | ZH | tiH
Production: Jo A3 8 TeV | 0.66 | 0.65 | 1.05 | 1.22 | 3.78
13 TeV | 0.66 | 0.64 | 1.03 | 1.19 | 3.51

oulE G H
" -----------
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ISl Y 20
\\\\\
Da.
~
R
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ttH J
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Numerical results

universal
_ XNLO — ZNLO YA

= = (kx — 1JC1 —1JCy _

Az = YLO (£ .—I_ .+O C2 = (1—K350Zm)

Process and kinetic dependent
Cy=—9.514-10"% for kK, = +20 Co = —1.536-1077 for k) =1
CI%  |» | 2Z |WW | ff | g9
Decay: oIy, and 0BR ), on-shell H | 0.49 | 0.83 [ 0.73 | 0 | 0.66

_ Lo _ ot
5BR)\3 (Z) _ (I{A 1)(01 (Z) Fcfl )
1 —|_ (K/)\ — 1)01 tot

| —

0BR[%]




Predictions for signal strengths

pi = 1+00x,(1)

. f_ f
i — H — f i = i X f
w = 14 6BRy,(f)

24



1 —~ H — f

Determination of signal strengths u

Predictions for signal strengths

f—

H; = Hi

ATLAS and CMS f -o- Observed =10
LHC Run 1 'ui Th. uncert.
Lol REEE
o ww| 0847517 &
- L0y 4
L Yy | -:-o—
m ZZ | —0—:~
> ww o
| +
YY i —0—
; Tt — e |
bb -
el 3
I ww i °
N TT —é—.—
bb +
YY i 1—0—
I WW | — e
= TT ° :
bl TR
-6 -4 -2 0 2 4 6 8 10

o - B norm. to SM prediction

x 1!

f

I

LHC 8-TeV data for most of the
single-Higgs production+decay
channels have been exploited for
a combined determination of the

various signal strengths ;.

(0] ¥ Bf
pi = =
(0i)sm (B/)sm
o;-B/
ul = =iy

~ (0)sm - (B )sm

Atlas and CMS: JHEP 1608 (2016) 045,

arXiv:1606.02266
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Predictions for signal strengths

L4

Determination of signal strengths y;

ATLAS and CMS qu -o- Observed :
LHC Run 1 i Th. uncert.
| TR E
5 ZZ] RS SRER
o ww| 0.84 %1
T 1.0 +06 —"—
L YY i -—0—
m ZZ i —0—:~
= ww o
T ie-
YY i —0—
L ww o
; T — e |
bb -
vy [ .l
T WW | _ o+ 1
N TT —:—o—
bb +
vy [ ——
I WW | — e
e TT ° :
bb| =
-6 -4 -2 0 2 4 6 {

o - B norm. to SM pre

f_,uleu

f

f

1%
Mf _

And the prospect for the future

3000 fb~! :
Observable ATLAS-HL CMS-HL-1 CMS-HL-2
o(gg) - BR(v7) 5@ 19 49123 09462

o(WW) - BR(y7) 15@ 15 10024 4.4 ®1.2

o(gg) - BROWW) 5@ 18 6®12.3 1.6 @ 6.2
oc(WW) - BR(IWW) 9®8 24924 89&12
o(gg) - BR(ZZ) 4911 4@ 123 1662
o(WW)-BR(ZZ) 16 © 13 7@ 123 19®6.2
o(WW) - BR(r7) 12015 8@24 28@12
a(Wh) - BR(bb) — 8@ 3.8  44d17
o(tth) - BR(b ) — 3@ 11.7 16 ® 5.9

o(tth) - BR(yy 17Te12  28@1l7 12659

o(Zh) - BR (mwa) — 100943 35622

CMS PrOJectlon

CMS PrOJectlon

14 doy,(2)
1 + 0BR, (f)

Predicted precision on the signal
strengths ,ulf

Peskin, arXiv:1312.4974

Expected uncertalnt|es on
Higgs boson couplings

k, p—+—
Ky —————+—
Kz ———+—

K

9
Kp

T
1 300" at Vs =14 TeV Scenario 1
1 300fb"at Vs =14 TeV Scenario 2

Ky

Ky

Y

K

Ky

—
Expected uncerta|nt|es on

Higgs boson couplings
K, (—+—
Ky [—F—
Kz p——F+—

g —F+—
Ky —F+—

T
= 3000 b at Vs =14 TeV Scenario 1
1 3000fb™at Vs =14 TeV Scenario 2

Ke —+—

‘0.00‘ - ‘0.05‘ -

T B
0.10 0.15
expected uncertainty

T B
0.10 0.15
expected uncertainty

Predicted precision on the coupling modifiers K ;
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CMS, arXiv:1307.0135




Predictions for signal strengths

i = 140y, (1)
1 —~ H — f M{EWXM"B f :
w' = 14 90BRy,(f)

Determination of signal strengths ,ulf
n f -e- Observed :
Lncrunt 00 Mi STh uncen And the prospect for the future
i ¥ 110703

We performed a global fit for <) on the current results of ,uf

S - o(99) - BR(ZZ) 4@ 11 4®123  16® 6.2
WW | - o(WW)-BR(ZZ) 6@13  7®123 1.9®62
Tt ie- o(WW) - BR(r7) 12® 15 8@®24  28d®12
vy o(Wh) - BR(bb) — 8@ 3.8 44® 17
T - ; o(tth) - BR(bb) — 356117 16 @ 5.9
= WW | T o(tth) - BR(vy) 17®12  28@11.7 12@5.9 . _
Tt —— | o(Zh) - BR(invis) — 10 @43 3522 Peskin, arXiv:1312.4974
bb -
Ty s CMS Projection CMS Projection
B i : ‘ ‘ ‘ ; ‘ ‘ " i ‘ ‘ ‘ ‘ ‘ ‘ "' ‘t ‘—14‘TV o1 ‘ ‘ ‘ ‘ ‘ ‘ " i ‘ ‘ ‘ ‘ ‘ ‘Soot;lb‘jat s‘:M‘TeVScen‘aro;
I WW L ; I S— ET;;: f:sg:cfoii:lri]:g: o : 300 :b" at (2;14 TeV zcenarioz E';(gp:: f:sg:cfoti)llri]:;: o : 3000 fb' at (2:14Tev Scenario 2
N T IR T N Y B
- : T Y
bb -} Ky F——+— Ky F—+—
Yy - Kz ———+— Ky F—t—
- —
T ww| i I
= TT * t
i . Ke t { Ke A
bb{ . . T N o cMS, arXiv:1307.0135
-6 -4 -2 0 2 4 6 { 0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
expected uncertainty expected uncertainty

o - B norm. to SM pre

Predicted precision on the coupling modifiers K ;
7
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1 —H — f [y = i X

Y

Predictions for signal strengths

;o ; i = 14 dox,(2)
w = 14 6BRy,(f)

f

i

Determination of signal strengths u

S cMS f -o- Observed :
R And the prospect for the future

3 0.23
» L1075

We performed a global fit for <) on the current results of ,uf

l

— o(gg) - BR(ZZ) 4011 46123 16662
- o(WW) - BR(ZZ) 16®13 7@123 1.9@6.2

ie- o(WW) - BR(77) 12 @15 824  28@1.2

a(Wh) - BR(bb) — 8@ 3.8  44d17

: o(tth) - BR(bD) — 356117 166 5.9

-+ o(tth) - BR(yY) 17912 28@11.7 12659

— e | o(Zh) - BR(invis) — 10 @43 35@® 22 Peskin, arXiv:1312.4974

We also evaluated the potential of our strategy for future

measurements, based on estimated accuracies.

D s su M L M CMS. arXiv:1307.0135

-4 -2 0 2 4 6 { 0.00 0.05 0.10 0.15 0.00 0.05 0.10 0.15
o - B norm. to SM pre expected uncertainty expected uncertainty
. . !

Predicted precision on the coupling modifiers K ;
7
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Fit procedure

f _
Minimization of Y2 (ky) = Z AGN,

Ky = —1

1.0+

0.8 F

g8 VBF WH ZH ttH

06
FyyZZWW ff gg f
L L L L | L L L L | L L L L | L L L L | L L L L |
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08|
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Results for present data

/ — 2
L 2 (15 (kx) — fiy)
Minimization of X“(kx) = 7 .
7 (Af(RA))
AT
Ay? p—value
Y o) === ggF === ggF tor
“‘ \ — ggF+VBF = ooF+VBF
“.‘ \ \\ 8 —— ogF+VBF+VH — ggF+VBF+VH
"\ \ ‘\ I === goF+VBF+VH+ttH --
gg

-10 10 2‘0 K)t
Py: ggF+VBF RESU = 024, kY =1[-56,11.2],  K3° =[-9.4,17.0]
p-value(ky) =1 —F.2 (x*(k))) k) < —14.3 Excluded at more than 2c
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Results for the future

. .. . f(/i)\) . ﬂ{)Q
Minimization of 7 5
(Ai (’ﬂ))
Exercise O:
-
’LL 7/ — 1 — CMS-II 300 fb™! — CMS—II 300 fb-!
best 1
K’)\ T 1 SRR A0 A

“CMS-II” (300 fb™1)

kI =[-1.8,7.3], k¥ =[-35,96], P =[-6.7,13.8

“CMS-HL-II” (3000 fb—1)

k10 =[-0.7,42], K3 =1[-20,6.8], kP =[-4.1,9.8]
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Results for the future

/ _ 72
Minimization of  x’(sy)= 3 il 7 H)
(A](52))?
il e{n!) ¢ A

best

Assummg SM, we study the statistical distributions of <,™" and and the extremes

of k37, K37 and K}

We generate n = 10000 pseudo experiments {,u } with a Gaussian distribution
centered around 1 and with ¢ given by the exp error.

“CMS-HL-II” (3000 fb~1)

1) Mean=1.51, Med.=1.11 6) Mean=-2.71, Med.=-2.90 7) Mean=7.73, Med.=8.13
1200 : 1400 )
1000 % ___ 0 ? ___ 1200 % TR
800 | 1L : o 1(8)885 11 L
600 I OF . 600
200 A ; —’_’_hk 200 £
- e —— ‘ Ky - — T EE—— e K) e T = K)
-2 0 2 4 6 8 -4 -2 0 2 4 6 O 2 4 6 8 10 12
HReSt p > 0.05 region lower limit p > 0.05 region upper
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Results for the future

f — )2
Minimization of X (k) = Z 2 X{;\ ) M2z )
E{/LZ} ( i ("JA))

Assummg SM, we study the statistical distributions of /ibeSt and and the extremes

of k37, K37 and K}

We generate n = 10000 pseudo experiments {,u,L } with a Gaussian distribution
centered around 1 and with ¢ given by the exp error.

“CMS-HL-II” (3000 fb~1)

1) Mean=1.51, Med.=1.11 6) Mean=-2.71, Med.=-2.90 7) Mean=7.73, Med.=8.13

1200 1400
100(C - =i
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Cl: kinematic dependence

C[%] | 25 GeV 50 GeV 100 GeV | 200 GeV | 500 GeV

WH | 1.71 (0.11) | 1.56 (0.34) | 1.29 (0.72) | 1.09 (0.94) | 1.03 (0.99)

ZH | 2.00 (0.10) | 1.83 (0.33) | 1.50 (0.71) | 1.26 (0.94) | 1.19 (0.99)
[#H | 5.44 (0.04) | 5.14 (0.17) | 4.66 (0.48) | 3.95 (0.84) | 3.54 (0.99)]

Table 3: Cf at 13 TeV obtained by imposing the cut pr(H) < prcus, for
several values of pr .. In parentheses the fraction of events left after the

quoted cut is applied.

C? (%] 1.1 1.2 1.5 y 3
WH | 1.78 (0.17) | 1.60 (0.36) | 1.32 (0.70) | 1.15 (0.89) | 1.06 (0.97)
ZH | 2.08(0.19) | 1.86 (0.38) | 1.51 (0.72) | 1.31 (0.90) | 1.22 (0.98)
[ttH | 8.57 (0.02) | 7.02 (0.10) | 5.11 (0.43) | 4.12 (0.76) | 3.64 (0.94) |

Table 4: CY at 13 TeV obtained by imposing the cut miot < K - mgny,
for several values of K. In parentheses the fraction of events left after the

quoted cut is applied.

Contributions to ttH and HV processes can be
seen as induced by a Yukawa potential, giving a

Sommerfeld enhancement at the threshold.

g

pT(H) < pT,cut

Miot < K - Mihy




Conclusion

We proposed an alternative method for the determination of the trilinear Higgs
self coupling )3, which relies on the effects that loops featuring A3 would
imprint on single Higgs production channels at the LHC.

We have calculated the contributions arising at NLO on all the
phenomenologically relevant single Higgs production (ggF, VBF, WH, ZH,

ttH) and decay (yy, WW#*/ZZ* — 4f, bb, tt) modes at the LHC

We have then estimated the sensitivity to the trilinear coupling via a one-
parameter fit to the complete set of single Higgs inclusive measurements at the
LHC 8 TeV. The bounds obtained are found to be competitive with the current
ones obtained from Higgs pair production

We have also estimated the constraints that can be obtained at the end of the
current Run II and also at HL.. The determination of )5 with this strategy 1s
also in this case competitive with the results from double Higgs production.
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From the signal strengths u; to the coupling moditiers «;

l
- 7 2 — g./M 2 _ i/
The “kappa framework’: K; = 0jlo; k; =TTy
ATLAS and CMS — zlo f
LHC Run 1 - ATLAS+CMS  —~ATLAS —+CMS — 20 ,
Kz — 3 —— :*I [-1.08,-08lu /00T KF
B — : B * ' [0.94,1.13] f
Ky -y = — = [0.78, 1.00]
s " % " A
K S — N — 0.24 R
| = = 1.40%024 | »
b | — —o 0.15 N oK
he, | ——! e 0.27
L T : o 0.49%47s W,f
he | —— — 0.13
9| = I 4 0.78+013 h
.| —o— - 0.14
"L eyl < 1 I B - 087209 . n K7
B.. =0 Basm =0
Bgsu BSM = ~— ;V\w
L1 I L1111 I L1 11 I L1111 m L1 11 I L1111 I L1 11 I IIIIII I L1111 I L1 11 I L1111 I L1111 I L1 11 I L1111 I L1111 I L1111
415 -1 05 0 05 1 15 2 45 -1 05 0 05 1 15 2 Zy

Several assumptions can be made on the relations among the different K;
and they strongly affect the values extracted!

See talk of Stefan Guindon
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From the signal strengths u; to the coupling modifiers «;
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and they strongly af 0 0.5 1 1.5 2
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“CMS-II” (300 fb™1)

Results for the future
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|) best values, 2) 10 region lower limit, 3) 10 region upper limit, 4) 20 region lower limit, 5) 20 region upper limit, 6) p >
0.05 region lower limit, 7) p > 0.05 region upper limit, 8) 10 region width, 9) 20 region width, 10) p > 0.05 region width.
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AIS-II" (300 fb™1)
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Results for the future
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Exercise: 1% errors

f — )2
Minimization of X (k) = Z CAY, M;)

(A; (kA))
! e{nl}
p—value p—value
\ : l‘ .’---- ggF 107 - ggF
35 L w /] i -
\l ’- = goF+VBF — ooF+VBF
L ‘ ’ ]
\ 30F % [ 08+t -

S ; ggF+VBF+VH i: ggF+VBF+VH

r \ ' _ -
\ 251 \ ’,' "= ggF+VBF+VH+H === ggF+VBF+VH+ttH

1 ]

‘b
~
~
~§
)

—[0.86,1.14], K3 =[0.74,1.28], K™% =10.28,1.80]

T'he ttH process strongly improves (as expected) the determination of K ).
T'he statistical analysis suggests also 1n this case the possibility of obtaining
stronger bounds.
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Exercise: 1% errors
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|) best values, 2) |10 region lower limit, 3) |10 region upper limit,4) 20 region lower limit, 5) 20 region upper limit, 6) p >
0.05 region lower limit, 7) p > 0.05 region upper limit, 8) |10 region width, 9) 20 region width, 10) p > 0.05 region width.
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