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Status of new physics searches

From gravity to the Higgs we're still
waiting for new physics

Annual physics jamboree Rencontres de Moriond has a history of revealing
exciting results from colliders, and this year new theories and evidence abound
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As data accumulates
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Rapid gain initial 10s fb-!, slow improvements afterwards.

Reached “slow’ phase after Moriond 2017



— For example:
» Current gluino limit is about 2 TeV

> With about 100 times more data, the sensitivity

on gluing production cross section improve by a
factor of 10 ( r.f. S/BY/2)

» Now, the production cross section is proportional
to about (Mgluino)™’

» A factor 10 in cross section = 30-40% on Mguino -

» So, 20 years later, we can reach to about 2.8 or 3
TeV.



LHC will press on the “"standard”
searches for SUSY, extraD, composite...
with slower progresses

In the meantime
LHC enters precision era



This will be done with
95+% more LHC data.

This talk:
targets and challenges

On-going work. Preliminary results.
With Da Liu and Andrea Tesi.



Measuring Higgs after the discovery

We have made significant progresses.

There is still a long way to go to understand the Higgs.
LHC can’t finish the job, but it can do a lot.



Behaving like a Higgs boson

[CMS PAS HIG-16.040)

CMS Proimiay 3591 (13TeV)
¢ Hesyy ' ‘ ]
&tooo—- - All categories o3
g - m=1254 GeV, u=1.16 SA5+8) iod 3
g”"“‘?\ i Dala ¢
: — S+8 M .
10000 ~ —
- : <.« B component 3
3“7— B sto -4
gm 220 3
= w0t
8

- — — —

S/(S+B) weighted events / GeV

+ 0,15

s

> o 4009 o
p=116204 = l.lh_um(stm]i(;m((-xp]_o o5 (theo)

+0.0

359" (13 TeV)

BOD Ty e ey

L CMS
G001 Prafimin inary
Pros) Sre—

[ em ptan
200 Clz-n

L v
000/~ [ 1560 mwanet

E Blee o s
e0of- e = 0 50 100 150200 250 300
600k m, (GeV)
0o~

._

r et ryt sl e s s s b aaalasnaalaainiy

0 50 100 1% 200 2580 300

[ATLAS.CONF-2017-043)

- - . .
3 00 . ATLAS Preliminary o o . o0
n EH»ZZ' - 41 -ﬂ";vw
%; 50 [ 13 vov, 261 m° R
E % Uncananty 4
2 40!
- [
t ~56 signal events |
30 - .
20
}
10} 1

120 140

160
nf‘:lcrutwnw [GeV]

p=1.28%0 13 (star.) !0 od (exp.) o 08 (th.)

36.1 fb!' of Run-2 data

' VA AR A A SRS A RS Ra NS BN

12— ATLAS Proiminary « Data -
" oisetdTevman’ - VH - VBB (e1.30)
105 0s102 Mptens -“obooon h
. 243 jets, 2 b-tags v 3
8'. Weighted by 58 Dot mass walys's y

Events / 10 GeV (Weighted, backgr. sub.)

m,, [GeV]

Higgs gauge boson coupling
well established.

Started to see Higgs fermion
coupling as well.



n

agree with Standard Model

Measured o x BR normalized to SM
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Not entirely surprising

— In general, deviation induced by new physics is of the
form

2

5 ~ v Mnp : mass of new physics

~ C
2 ) .
MNP c: O(1) coefficient

» Current LHC precision: 10%
= sensitive fo Myp < 500-700 GeV

? At the same time, direct searches constrain new
physics below TeV already.

» Unlikely to see O(1) deviation.



ATLAS Simulation Preliminary

Vs =14 TeV: [Ldt=300 ib™" ; [Ldt=3000 fb’
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ATLAS Simulation Preliminary
Vs=14TeV: [Ldt=300 fb"" ; [Ldt=3000 fb

H—yy (comb.) i ) R
(0))

(1)

(VBF-like)
(WH-like)
(ZH-like)

(ttH-like)

H—»ZZ (comb.)
(VH-like)

] S IR s

[ ) [ B |

(ttH-like)
(VBF-like)
(ggF-like)

H—-WW (comb.) |
0)) m |

(1)

(VBF-like)

H—>Zy (incl.)
Es (comb.)
H— bb (WH-like)
(ZH-like)

H—=tt (VBF-like)
H—up (comb.)
(incl.)

(ttH-like)

| P IR b R N ) S PO R

7

0 02 04
Au/u

» 4-5% on Higgs coupling, reach TeV new physics



Another direction with potential

— Difficult channels that:
— Not rate limited, but small S/B
— Limited by reducible backgrounds, systematics.

— More data and more time (improving
techniques) can help.



Shapes of signals

no rate beyond this
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— Example: strongly coupled heavy new physics

e.g. Liu, Pomarol, Rattazzi, Riva



My focus here:

— The question of electroweak symmetry breaking has

hinted that there should be NP not too far away
from the weak scale.

» Naturalness, etc.

» Some of these need strong dynamics

— Final states with W/z/h/top. "Precision measurement”

— I will focus here on di-boson.



Warm up: Composite Higgs

A
quark and gluon: q ¢ :
= new strong dynamics,
GeV More composite resonaces symmetry breaking
K, p, .
100 ey ot = SM Higgs

— Construct a new strong dynamics in which the pion-
like states will be the SM Higgs.

— Nature may be more interesting, but it could also
just repeat itself.



Spin-1 resonances
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Spin-1 resonances
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Indirect constraints are also present



Spin-1 resonances
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Projected sensitivity, a large portion of the space will be covered

can we expect further improvements?



Broad features with di-boson, tops efc.

no rate beyond this
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— Challenging. Current LHC sensitivity and performance
not good enough.

— Will focus on setting performance benchmarks or
goals for the LHC.



Operafors: d=6

name structure coefficient (power counting)
On 3 (OuH|?) cu/ f?
O, yQrHup|H|? cy/ f?
Ow | 1ig (H*a“(B“H) D*Wpg, cw /m?
Op | ig(H'DrH)DB,, cp/m?
Ouyw ig(D"H)TO‘“(D”H)W;fV caw /m? x (g./4m)?
Ons ig'(D*H)'(D"H) By, cap/mi X (g./4m)?
Of | ig*(H'D ,H)Qi"Qr Cq/m? X €
0%* | ig? (Hfaa(B#H)QLaay“QL Cq3/M2 X €
2 igz(Hf(_)pH)ﬂR'y“uR Cu/m? X €2
% ig?(H' D ,H)dry"dg ca/m? X €
Or (H“‘B’“H)2 cr/ f?
Os [H|° A3/ f?




Operafors: d=6

name structure coefficient (power counting)
[ O L (OHP) el j
O, yQrHug|H|* cy/ f*
Ow | 1ig (H*G“W“H) D*W§, cw /m?
Op | ig(H'D*H)DB,, cp/m?
Onw z'g(D"H)TU“(D"H)W;},, caw /m? x (g./4m)?
Ous ig'(D"H)"(D"H) By cap/mi X (g./4m)?
0f | ig*(H'D uH)Qur"Qu cq/m? X €
07’ | ig*(H'o" D ,H)Qro"v*Qr, Cq3/M2 X €
o) ig? (H"(_),,H)ﬂR'y“uR Cu/m? X €2
}‘2 ’igz (HT D‘#H)CZR’)’”dR cd/mf X 63
Or (H'D ,H)" cr/ f?
Os [H|° A3/ f?

Only constrained by inclusive Higgs measurement



Operafors: d=6

~

name structure coefficient (power counting)
On 3 (OuH|?) cu/ f?
O,  yQrHug|H|? cy/ f?
KOW ig (H*a“‘U“H) D*Wpg, cw /m?
Op | ig(H'DrH)DB,, cp/m?
Ouyw ig(D"H)TO‘“(D”H)W;fV caw /m? x (g./4m)?
Ons ig'(D*H)'(D"H) By, cap/mi X (g./4m)?
Of | ig*(H'D ,H)Qi"Qr Cq/m? X €
0%* | ig? (Hfaa(B#H)QLaay“QL Cq3/M2 X €
2 igz(Hf(_)pH)ﬂR'y“uR Cu/m? X €2
% ig?(H' D ,H)dry"dg ca/m? X €
Or (H'D 1) cr/ f?
Os [H|° A3/ f?

Di-boson production



Opera’rorsz d=6

name structure coefficient (power counting)
Ox 3 (OulH[*)* cu/ f?
O, yQu Hug| H[? cy/ f?
[OW ' (HTa (I_D}“H) D*Wg, cw /m? J
Og iq (HT(B“H)D”BW cp/m?
OHW (D“H)td (DVH)WG Cyw/mg X (g,,/47r)2
Ous ig (D“H) (DYH)B,, cap/m? X (g./4m)?
(0! iq (HT£> H)Qy"Qy Cq/M? X € h
0%° | ig 2(H'o* D ,H)QrLo"v*Qy Cq3/ M2 X €
Y zgz(HTH#H)ﬂR'y“uR Cu/m? X €2
\01112 i92 (I{'t D#’H)d—pé’)’“dg cd/mf X 62 )
Or (H'D ,H) cr/ f?
Os |HI° A3/ f?
LEP constraint.
uz
e.g. S-parameter: > 2.5 TeV

Vew + ¢B



Diboson production at the LHC
wi—VV., V=W.Zh
Test of Higgs physics at high scale

%5

Vi, h



AN edeple: Ow  LHC contribution same as O gw

@ = 5y (WD) DW,

LEP precision test: |£ = ta“29W§W£3)B“”

2
A muyy

S = CWF = N> 25 TGV@QS%, Cw — 1

LHC longitudinal mode:

do E2
— =+ + .
WEWE, WEZL Wi, Zih =~ a6




Energy growing behavior

MadGraph LO
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Precision measurement at the LHC possible?

LEP precision tests probe NP about 2 TeV

5 2
27 IW 9 w1073
OSM A2
At LHC Signal-SM interference Without interference
5 E2 5 E4
20 1025 27 0.05
OSM A2 OSM A

LHC has potential.
Both interference and energy growing behavior crucial



Sensitivity to tails. Ideal case.

. <
“tail” parameterized by Ad A= ms
1 (E\* 1 E: energy bin of the measurement
Osignal X n \ A OsM X ﬁ y gy
n: 5-8 falling parton luminosity
A \/i L d L = integrated luminosity
VB En \ A

— For small d, lower E with higher reach. (e.g. dim 6, d=2)

> Limited by systematics.

— Interference important. Otherwise, signal proportional to (operator)?,
effect further suppressed by (E/ A)



Ideal case.

Vs =13 TeV, n, = nyE2/A?

1200* —_ L _— 1 |
1000 ~L=10 Ec = partonic c.o.m. energy
= 800 L=50 = diboson invariant mass
- : - L=100 |
£ 600 i
S i :
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200 |
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o o > L
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dim 8 with interference
or dim 6 without interference
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Wh(bb) channel

Useful. Can be done “inclusively”, no need to keep track of
polarization of W

1.0 —4m—————m7m™™—mm—mam——/mm™——/"————7"-7+—"-"+-—"-"+-—"-"+—"-———
0.8-— -
E; ——
S 06}
o) I
je)
s |
04}
o2— . . . v ..y
50 100 150 200 250
pT of the Win GeV
. . OOW.n S 4(3)
Signal: = — (cw + caw — 4c;”)
OSM A



Wh(bb) channel

However, current searches not sensitive

Table 13: The fitted Higgs boson signal and background yiclds for each signal region category in cach channel after the full selection of the multivariate analysis.
The yields are normalised by the results of the global likelihood fit. All systematic uncertainties are included in the indicated uncertainties. An entry of *-"
indicates that a specific background component is missing in a certain region, or that no simulated events are left after the analysis selection.

Signal regions 0-lepton 1-lepton 2-lepton

py > 150 GeV, 2-tag py > 150 GeV, 2-tag | 75GeV < pY < 150 GeV, 2-tag | pY > 150 GeV, 2-tag
Sample 2-jet 3-jet 2-jet 3-jet 2-jet | >3-jet 2-jet >3-jet
Z+1l 9.0%5.1 | 155+8.1 < - 92+54  35:19 1.91.1 | 164%93
Z+cl 21477 | 42+14 22+0.1 42401 | 253495 105+ 39 53+19 | 46+17
Z+HF 2198 +84 | 3270+ 170 | 86.5+6.1 186413 | 3449479 = 8270+ 150 65120 | 3052466
W+l 98+56 | 17.9+99 22+ 10 47+ 22 <1 <1 <1 <1
W+l 199+88 | 41+18 70+ 27 138 + 53 <1 <1 <1 <1
W+HF 460451 | 11204120 | 12804160 | 31404420 | 3.0+04 59407 <1 22402
Single top-quark 145422 | 536+98 | 830£120 | 3700£670 | 53+16 134 £ 46 59+19 | 30%10
i 463 +42 | 3390+£200 | 2650+ 170 | 20640+ 680 | 1453 £46 = 4904 £ 91 49.6+29 | 430£22
Diboson 116426 | 119+36 79+23 135 + 47 73+19 149 + 32 244+62 | 87+19
Multi-jet e sub-ch. - - 102 £ 66 27+ 68 - - - -
Multi-jet u sub-ch. - - 13399 90 + 130 - - - -
Total bkg. 13443457 | 8560+91 | 5255480 | 28110+ 170 | 5065+66 | 13600+ 110 738+ 19 | 3664 + 56
Signal (fit) 58417 60+ 19 63+19 65+21 | 256+78 46+ 15 13.6+4.1 | 3511
Data 3520 8634 5307 28168 5113 13640 724 3708

SSM/B%

102

WH(bb) — ATLAS-CONF-2017-041



Wh(bb) channel

Potential to improve!

[ )
Jet definition os/fb|log/fb él'/\/B- fb
C/A, R= 1.2, MD-F| 0.57| 0.51 0.80
K., R=1.0, yeut 0.19| 0.74 0.22
SISCone, R = 0.8 0.49| 1.33] 0.42
N— 7

TABLE I: Cross section for signal and the Z+jets background
in the leptonic Z channel for 200 < prz/GeV < 600 and
110 < my/GeV < 125, with perfect b-tagging; shown for
our jet definition, and other standard ones at near optimal R
values.

Butterworth, Davison,Rubin, Salam, ‘08

— O(1) S/B is not completely out of the question.



Reach projection

Crude parameterization of significance

Shl L ESig[Ehl (Mhl _|_ MQM)Z _I_ Zh#hl Eh(./\/lh _I_ MgM)Q] X £

Sig Sig

VB \/[Ehlggia + 2 hzn, €nosuIL + (A X nsp)?

Esig signal efficiency or acceptance
€n (mis)tag probability of polarization h
A: systematical error



Wh(bb) at the LHC (benchmark)

4000 ! 1 ! ! ! 1 ! ! ! 1 ! ! ! 1 ! ! ! 1 ! ! ! 1
| LHC-3000/fb
| efficiency 10%,sys=10%
3000 i no red. bkg .
> B Bred /SM=1 1
()
O
£
= 2000 B
I
&
< ! ]
1000 E -
O L | L L L | L L L | L L L | L L L | L L L | L
400 600 800 1000 1200 1400

myH in GeV

Limit on signal in a given energy bin

comparable limits from h(jjlv), backgrounds are all EW, larger efficiency expected



WW, WZ. helicity structure at LHC

fofr — WTW~
(hW+7 hW—) SM OW OHW OHB OB OSW OTWW
(+,F) 1| 0 0 0 0_| 0 o
0o |1 |(& [z =) &%
m E>m =TT =TT F E?m E*m
0.2).(h0) | 2 [ 5o 5o [ o [ | o | e
) () w0 | o [& )R
frfL = WTW~
(hW+7 hW—) SM OW OHW OHB OB OSW OTWW
(£, F) 0 0 0 0 0 0 B
00 (B[22 B[ o (&%
m E’Qm T2 2 F My, m E*m
(0.5), (,0) | "3 | BT | o [ [ | R | R
D) g [0 [0 [ g [am

O growing with energy

O SM piece is small. Interference does not grow with E.



Helicity structure at LHC

fofr— WHW-
(hW+7 hW—) SM OW OHW OHB OB OSW OTWW
(+,F) 1| 0 0 0 0_| 0 o
E2 E2 E2 E2 E4 m2
(0,0) ! JEEP el B v el U I i -
0,£),(F0) | | E | p | 2F |2 r | A2f | A E
m? m%v m%/V E? E4 m%v
(1) | Fr | 3 | R 0 0 | ar
frfL — WHTW~
(hW+7 hW—) SM OW OHW OHB OB OSW OTWW
(£, F) 0 0 0 0 0 0 B
2 2 2 2 4 m?
00 |15 | 5 | & | &)l 0 |55
m T T 7 Ji) My, m E*m
(0.4),(£,0) | = | FTFTETF [R7F [T | g | G
) [ [ o [ o [ 5% [&%

O)

— Whether interference or not depends on polarization
of WW. Polarization differentiation can be crucial.

— Need large SM piece to interfere with. Longitudinal
(0,0) most promising.



Potential difficulties

SMWW,W/Z processes are dominated by
transverse modes

ool joEL ~ 15 — 50
Polarization tagging of W/Z crucial

Difficult measurement. Large improvement needed.
Much more data and 20 years can help!

Instead of making projections based on current
performance, we will give several targets (goals).



WW, semileptonic channel

5000 ¥ ¥ ¥ 1 ¥ ¥ ¥ 1 ¥ ¥ ¥ 1 ¥ ¥ ¥ 1 ¥ ¥ ¥ 1
[ LHC-3000/fb
efficiency 10% sys. 5%
4000 | TT-10%, LL-50% -
>
(D)
O 3000} ]
i
=
T
© 2000} §
2 =
1000 [ 1
O " . . L | L L L | L L L 1 L L L | L L L | L
400 600 800 1000 1200 1400
myww in GeV
sin 0

S
{T]%g2 + Yfg’2 —+ F [(CW -+ CH{/V)T]%g2 + (CB + CHB)Yfg’Z + 5fo]}



LHC benchmarks

A[TGV] OW OB OHW OHB
LEP 2.5 2.5 03 0.3
WV (€ + jets) [0.5,1.00 TeV | (.2p.5R.1) | (1.5p.770.67) | {5.2p.5p.1)[ | [1.5]0.77p.67
WV (—+ jets) [1.0,1.5] TeV 4.80.2]1.9) 1.5,0.79,0.71)) 4.8P.2]1.9) 1.5§0.79,0.71
Zh(vvbd)[0.5,1.0] TeV 3.4,2.4,1.9 (11.2,0.90,0.74 ) | (3.4,2.4,1.9 (11.2,0.90,0.74 )
Zh(vvbb)[1.0,1.5] TeV 3.2,2.3,1.8) | (1.3,0.98,0.83) 3.2,2.3,1.8) | (1.3,0.98,0.83)
W=h(ebb) [0.5,1.0] TeV 4.3,3.0,2.4) 4.3,3.0,2.4)
W=h(ebb) [1.0,1.5] TeV 4.0,2.9,2.3) 4.0,2.9,2.3)
W=h(l + (viv) [0.5,1.0] TeV 2.4 2.4
W*h(¢ + tvlv) [1.0,1.5] TeV | | 2.3 | 2.3 )
h — Z~ 1.7 1.7

ideal case, perfect pol tagging, no systematics

tagging eff 50%, mis-tagging rate 5%, no systematics

tagging eff 50%, mis-tagging 10%

reducible bkg 0, 3, 10 times of the irreducible rate

— Can beat LEP precision if some of these benchmarks
can be reached.



Direct searches of composite resonance

Shaded areas:
current bounds

1000 2000 3000 4000 50 6000 7000 8000
mp [GeV]

Most optimistic case can be competitive with direct narrow resonance searches.

The resonance may be broad, not covered by direct searches.



Dimension-8

— Less sensitive. But can be leading effect in
certain NP scenarios.

— Gives rise to unique signals.

> ZZ, vy, hh.

— Can interfere with the SM in some cases where
dim-6 do not.

> e.g. Wr Wt . SM rate about 10 times W W,

» Dim-6 interference with SM suppressed. Dim-8
intferfere with SM. Equally important.

fofr — WHTW-

(hw+,hw-) | SM | Ow | Ogw | O | Ow Os
(£, F) 1 0 0 0 0 L
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[ LHC—-300/fb 3
2500 | ':
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2000 | systematics 5% ]
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< 1500} ]
g f
1000 - ) -
I ] i
500 1
o= 460 | | 6(I)O T 8(I)O .. .1OIOO. | .12IOO. | .14I00.
mzz in GeV
A[TeV] Orww | Orws Orn O?I){
WVl + jets) | 090 | 0.90 | 1.1(0.83) | 0.83(0.65)
TWER((bD) (0.86,0.79,0.76)
W=h(l + tviv) 0.67
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Conclusion

— LHC is pursuing a comprehensive program which covers the
ground pretty well. After Moriond 2017, slow gain with
luminosity.

— A promising long term prospect at LHC: focusing on non-
resonant broad features. Di-boson, ttbar, efc.

— Difficult. But a lot data can make a significant difference here!
— May find other things, such as broad resonance, along the way.

— Even without a discovery, this can have lasting impact on future
directions (similar to LEP electroweak program).



extra



Using kinematics instead of tagging

Need to separate longitudinal versus transverse (non EW bkg are small)

Baur, Han, Ohnemus ‘95

see Franceschini at Planck17

05 0.0
cos @
difficult to reconstruct the scattering angle in parton frame,

Under investigation



Bounds on

oy at the LEP and the HL-LHC

A[TeV] ©95% Ow,A =0

LEP 2.5

WV (£ + jets) [0.5,1.0] TeV | (5.2,2.5,2.1)
WV(? + jets) [1.0,1.5] TeV | (4.8,2.2,1.9 I — 3]

Zh(vvbb)[0.5,1.0] TeV

Zh(vvbb)[1.0,1.5] TeV (3.2,2.3,1.8)

WZh(bb) [0.5,1.0] TeV | (4.3,3.0,2.4)

WER(£bb) [1.0,1.5] TeV | (4.0,2.9.2.3)
W=h(¢ + ¢vév) [0.5,1.0] TeV X,

WEh(£ + fvlv) [1.0,1.5] TeV

D (ELL — 1.0&&ETT — 0, €1, — O.5&&ETT — 0.05, €1, — O.5&&€TT — 0.1)
] reducible background is (0, 3,10) times irreducible background



WW, semileptonic channel
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Typical resonances

resonance mass m*

generic relation My, — g*f

coupling to ‘composite’ particles | Gx Higgs, W/Z goldstones, top

ot el e o) JSM 9SM  [ight quarks, leptons,
coupling to ‘elementary’ particles
PANg y P Jx transverse W/Z

Modulo tunings, the program here is to explore
m* vs. g* parameter space



Observables.

Observable do /osm Observable do [osm
S (cw + cp) 3¥ T dop ™y
WiWwy | [(ew + caw)T + (cs + cup)Yity B o ornts, oy | Wiy Csw%v + G, crww 55
Wi2 (CW T Caw — 4Cf)q) f_gv Cé?l)ﬁl%l Wit Zr(7) C3Wn;:—%zv + ngf—%, CTWB%l
Wih (CW T e — 4C<I?>q) B &) B Zh [(ew + caw)T? — (c + cup)Yit2] B5, cp 2
ZrZr (crww + to cres — 2T} 753,CTWB)f—§11 vy (crww + tocrpp + 2T}t crw B)f—g
h— Zy (caw — cuB) (417;12))2 h— WHTW- (ew + CHW)’%V

— LEP precision EW, high energy non-resonant WW/Wh,

and Higgs measurement all relevant.

» Sensitive to different combination of the operators.

— Opw and Oys contribute to h—Zy.

— LEP limit on Ot dominant. LHC probably cant improve.



Potential difficulties

SMWW,W/Z processes are dominated by
transverse modes

ool joEL ~ 15 — 50
Polarization tagging of W/Z crucial

Wh/Zh(bb) channels have large reducible background
LHC@8TeV: o/ /cd ~ 200 — 10

Difficult measurement. Large improvement needed.
Much more data and 20 years can help!

Instead of making projections based on current
performance, we will give several targets (goals).



Reach on W)Y at LHC3000

2 1

m a \2
~ e T )
Farina et al A > 19 TeV LHC 3/ab

systematics 5%

Comparing with di-boson

g«
A 2 4 TGV\/Cdiboson ) Cdiboson — 17 o

)




Generic signal

12
m > kinematical limit. Integrate out ) O(6)

m?2

Best channels are usually di-lepton, di-jet and so on.

Can also be broad resonances
Well studied

Another recent example of using di-lepton and potentially di-jet

Farina, Panico, Pappadopulo, Ruderman, Torre, Wulzer



Two directions (more tuning, simpler)

2

Higgs coupling: § ~ % — [ > 700GeV Vi(v/f)

0202 ) 2 2
Higgs mass: m; ~ b gt;} <77;, ) ~b- (125 GeV)?Zx
s

Fix f, increase gz (hence increase msx = gxf )

Fix tuning for v/f, increase tuning of my, .

Better for electroweak precision, S = mw?/my? ; FCNC...
Heavier and broader resonances.

Deviation in Higgs coupling unchanged

Fix ratio my /f = gx, increase m:: and f.

Fix tuning for Higgs mass. Increase tuning of v/f.
Better for electroweak precision, FCNC...

Heavier resonances. Less deviation in Higgs coupling.



Two fine tunings of composite Higgs

/\’ or Mp ,or Mx = g*{: (or gpf)

f, similar to fr

v, mh = 00 GeV

|. Generates Higgs potential Vi (v/ f)

, expect v~=f
with EWSB

U2

However, Higgs coupling §~— — f>700GeV
deviation: 12

3yiv? [(m,
272 f

2

2
) ~b- (125 GeV)Q%*

2. Higgs mass: m; ~ b

light Higgs needs small b and/or small m



New vector resonances

see also Pappadopulo Thamm Torre Wulzer

Weakly coupled to elementary particles / strongly coupled to Higgs

Production rates scales like (7(,0) ~



Broad features with di-boson, tops efc.

no rate beyond this

y
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##:.. : .
STl long tails
5 ~..I
§~ -~

— Focusing on the “tail” case in the following.



Operators.

' =
OW:%(HTO'GD’MH) D"W?¢ OB
OHW — ’ig(D’LLH)TOa(DVH)Wa
1
Oay = gg%chﬁVWprCp“,

<
rR=19 (HTD H) urY ur,

01 =g (HT%> ) QL' Qu,

P

pv)

OHB

Zg (HT D “H) 5 B

— ig (D" H)! <D”H>B,w

sOrww = QZTWWG Wy’ sOrpp = Q/QEMVBupBﬁ
sOrws = g9'T; "W, BY sOry = ¢*T}* D, H' D, H

pp v

SO%y = T D, H'0D, H

dim 6

dim 8



Wh channel
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