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What is the Universe made of?

Standard Model: 12

/fl 1 particles
electromagnetism

strong force origin of mass
weak force

matter

1

»CSM = — Z M,/F“V +21MD¢ 4+ h.c.

+ iy 6 + h.c.
+|D,¢l* — V(o)

aq, g, 3, My, Mixings, v, A Many consistent observations, no significant deviations

only 23 parameters me ~ 173 GeV (1995) mpg ~ 125 GeV (2012)

Higgs VEV provides all masses SM has completed! Great success.



Dark matter

However, SM explains only 4%

Rotation curve
Cluster merger
N-body simulation %
WMAP, BAO etc. \E;
Qcamh?® = 0.113

All evidences from gravity
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NGC 6503

halo
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Obviously, SM not enough to describe Universe
— What is dark matter?

WIMP (Weakly interacting massive particle)?

, _0.1pb Lo 109 —2

az ~ 1/30 — m, ~ 1 TeV = new particle in TeV?



Fine tuning problem

Higgs: only scalar elementary particle in the SM

3 ,
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Higgs mass receives quantum corrections of the order of highest mass scale

> New physics should appear around TeV scale to avoid fine tuning
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new particle, same coupling by symmetry  SUSY: popular candidate
or Higgs as pNGB: Composite Higgs, strong int. at f, Top partner



Supersymmetry (SUSY)

- symmetry : fermion & boson predicts partners for SM particles
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Supersymmetry (SUSY)

« symmetry : fermion & boson

predicts partners for SM particles
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* R-parity : natural DM candidate

 coupling unification — TeV

- We expect they are produced at LHC



Collider experiments o oo wosoe
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Indirect information from L

ox M}

% level correction

Cross-section (pb)
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direct new particle production is better
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Hadron Collider much complex compared with lepton collider

proton: not elementary particle

mixed beam with u, d, gluon, ...

we don’'t know what collide
we don’t know collision energy Dy =

only transverse momentum conservation P> Moving

MSTW2008 (NNLO)
12=10,000 GeV?

g/10

08
0.6

04

full reconstruction not possible event by event

precision physics possible by statistics

strong interaction : PDF, jets, understanding QCD important




adron Collider Huge difference in cross sections (every event is essentially BG)

proton - (anti)proton cross sections Nov 2012 CMS
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Higgs: 1 in 1,000,000,000 BG
BG has to be subtracted: handles - high pT lepton, jets, b-tag, photon, missing momentum
( heavy particles immediately decays: t, H, W, Z)



typical SUSY searches

colored susy particles produced in pair :

G, ~ TeV >><% |

— signal:

multiple jets, missing transverse momentum H

— BG:
W — v

/. — VU

t — bW — blv
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SUSY should have been found easily

* if ~ 1 TeV scale sparticles exist ...
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MSUGRA/CMSSM: tan(p) = 30, A_ = -2mq, 1 >0
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but not yet 8 TeV ...
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How heavy can we explore”

Squark-gluino grid, m __=0. Vs=14TeV METAHT>15GeV'?
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[GeV]

m_,

stop search at 81eV

upto 660 GeV excluded 95% C.L.
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1.f, production

top partner also excluded ~700 GeV

Status: EPS 2013
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Higgs combined results from LHC run 1 o o
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coupling fit

ATLAS-CONF-2014-009

ATLAS Preliminary
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coupling fit (gg, gammagamma)
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No new physics evidence here yet, but still large room



ttH coupling and ggH coupling
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ttH is indirectly measured by ggH coupling

However, k4 can include new particle effects Ky = Kt + K

—

NP
g

We want to measure x, and x; independently 4



ttH coupling direct measurement

ATLAS Preliminary
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ttH coupling directly starts to be constrained but weakly
non O at 1-2 sigma



higgs coupling measurement perspective

coupling || LHC HL-LHC| LC |HL-LC||HL-LHC + HL-LC

RWW |/0.09| 0.08 [0.011| 0.006 0.005
g=gsm|l+ A hZZ 0.11| 0.08 [/0.008| 0.005 0.004

(hit 0.15| 0.12 )[0.040| 0.017 0.015

hbb 0.20| 0.16 {[0.023| 0.012 0.011

hrT 0.11| 0.09 |0.033| 0.017 0.015

hy~y 0.20| 0.15 |0.083| 0.035 0.024

hgg 0.30| 0.08 |0.054| 0.028 0.024

Rinvis — — 1/0.008| 0.004 0.004

LHC 300fb~1

HL — LHC 3000fb~}
LC 250 + 500GeV with 250 + 500 b1
HL — LC 250+ 500 4+ 1000GeV with 1150 + 1600 + 2500 b+

table from C. Englert, A. Freitas, M. Muhlleitner, T. Plehn, M. Rauch, M.
Spira, K. Walz arXiv:1403.7191 [hep-ph]

~ 10% for all couplings at HL-LHC



We want to measure k, and k; independently

one option: ttH measurement

new option: BOOSted HIggs shapes



Fine tuning problem

Higgs: only scalar elementary particle in the SM

3 ,
5m% O A £ 22 2 7 h ~ _EQEA%M ~ __038G6V2 (ASM = mpl)
~ 10°GeV?(Agy = 1TeV)
t
m%,phys — m}%,tree —I_ 5m% ~ 1252G6V2 N/ 1O4G6V2

Higgs mass receives quantum corrections of the order of highest mass scale

New physics should appear around TeV scale to avoid fine tuning
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new particle, same coupling by symmetry SUSY: popular candidate
or Higgs as pNGB: Composite Higgs, strong int. at f, Top partner 8



Top partners affect higgs couplings?



Top partners affect higgs couplings?
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Top partners affect higgs couplings?
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Composite Higgs model example

Interestingly, we have ¢; + k, = 1 — O(£) in many CH models (£ = v?/f?)

independent of top partner mass mr MCHMs, £ = 0.1, 110 GeV < m;, < 140 GeV

S0O(5)/S0O(4) minimal composite Higgs model < 10
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Natural SUSY
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Natural SUSY

A, |GeV]

m; = 170 GeV
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There are many models with relatively light top partner but essentially no
effect in I'(h — gg) 13



Off-shell gluon breaks top loops

arXiv:1405.4295 M. Schlaffer, M. Spannowsky, MT, A. Weiler, C. Wymant

%h

Lot = Lovt = Fth 8y 5 UGG M0, ) = M (my) + vy M(o0)
g < g
.
g S

q (TTTYENT 9
tA

>‘mm<0t

qg-  Nemeeeee h

on-shell gluon amplitude has only scale mg
(only 7x is sensitive to the mass but very weak)

gluon off-shellness can probe the mass scale in the loop.

H -+ j: pr g distribution is the observable 4



Off-shell gluon breaks top loops

arXiv:1405.4295 M. Schlaffer, M. Spannowsky, MT, A. Weiler, C. Wymant

Vs [TeV] | pi® [GeV] 021\1 (fb] ) € | g9, q9 %]
100 2180 | 0.0031 | 0.031 67,31

150 837 | 0.070 | 0.13 66, 32

200 351 0.20 | 0.30 65, 34

250 157 0.39 | 0.56 63, 36

300 74.9 0.61 ] 0.89 61,38

350 37.7 0.85 1.3 58,41

400 19.9 1.1 1.7 56,43

14 450 10.9 1.4 2.3 94,45
200 6.24 1.7 2.9 52,47

250 3.68 2.0 3.6 90,49

600 2.22 2.3 4.4 48,51

650 1.38 2.6 5.2 46, 53

700 0.871 3.0 6.2 45, 54

750 0.562 3.3 7.2 43, 56

800 0.368 3.7 8.4 42,57

M(er, kg) = ceM(my) + kg M(00)

o(p7") Jpeus dprdQecMir(my) + kgMuyv |?
oSM (p3) B f;;,,, dprdQMir(my)|?

= (¢ + k)2 + 6(p3)cikig + (P K2,

on-shell gluon amplitude has only scale mg
(only 7x is sensitive to the mass but very weak)

gluon off-shellness can probe the mass scale in the loop.

H +j:

pr. g distribution is the observable
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Off-shell gluon breaks top loops

arXiv:1405.4295 M. Schlaffer, M. Spannowsky, MT, A. Weiler, C. Wymant
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Off-shell gluon breaks top loops

arXiv:1405.4295 M. Schlaffer, M. Spannowsky, MT, A. Weiler, C. Wymant

M(er, kg) = ceM(my) + kg M(00)
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Off-shell gluon breaks top loops

arXiv:1405.4295 M. Schlaffer, M. Spannowsky, MT, A. Weiler, C. Wymant

M(er, kg) = ceM(my) + kg M(00)

';‘ — (c,x;)=(0.5, 0.5)
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- — (c,%5)=(1.5,-0.5)
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on-shell gluon amplitude has only scale mg
(only 7x is sensitive to the mass but very weak)

gluon off-shellness can probe the mass scale in the loop.

H -+ j: pr g distribution is the observable 6



How higgs boost helps

arXiv:1405.4295 M. Schlaffer, M. Spannowsky, MT, A. Weiler, C. Wymant

For 125 GeV higgs, BR(bb) ~ 60%, BR(WTW =) ~ 20%, BR(tT77) ~ 6%,

H - WW/

Higgs rest frame -‘--"“--__‘- L -
e "”—’ T
HoWWw;
4
\ \ £ s
\\ :
\\ ‘\\
£ \ \'. $y
boosted Higgs \-\
\\
\\ S

H - W:W7:

H — TeTy
v
— — _ i — — —
({ ——— ~ i i
e T
H = 747 e
v A /
\ : /
£\ Ep vy
ll ; /
\ : //
\i //
H = 7er:

H — 71 BR is large and can reconstruct using Hr

Collinear approx. p, = aps (a > 0)

thanks to m,. < myg

We consider di-lepton channel (ee, eu, pp) + Er from 77
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How far can we measure under BG presence?

H — 717 (pr.g > 0 GeV) 3.15 pb
BG: WW +jets, Z+jets, tt+jets,
WW+jets: 2 jets merged, pr;, > 150 GeV, W — e, u, T 0.6 pb
Z+jets: 2 jets merged, pr ;, > 150 GeV, only Z — 771 10 pb
tt+jets: 0 + 1 jet merged 918 pb
Basic selection cut:

ng = 2, opposite-sign, my > 20GeV, pry > 200 GeV, ng-at =1, n,=0

Pry = PT,e, + Pre, + Pr

18



Cut flow

Event rate [fb] H 711 H—> WW* W, W,+jets Z_,..+jets tyfy+jets|| S/B S/vB
0. Nominal cross-section 3149.779 10719.207 580.000 1.01-10* 1.02-10°

1. ng = 2, opposite-sign 118.043  323.531 195.033 347.516  3.72-10°

2. mge > 20 GeV 117.733  264.723 189.522 315.201 3.57-10°

3. pry > 200 GeV 1.987 3.834 91.273 104.434 1.28-10° |[|0.004 2.62
4. nﬁ-"‘" =1 (pr; > 200 GeV)| 0.957 1.858 50.443 58.810  395.602 ||0.006 2.17
5. ny, =0 0.940 1.825 48.855 57.068 105.851 || 0.01 3.29

Basic selection cut:
ne = 2, opposite-sign, mgy > 20GeV, p£% > 200 GeV, ni** =1, ny =

P H = Pr.e, + P10, + PT

WW ., Z, tt contribute at similar level



Cut flow

Event rate [fb] H =11 H=> WW*|W,W,+jets Z_,..+jets t,f,+jets|| S/B S/v/B
0. Nominal cross-section 3149.779 10719.207 | 580.000  1.01-10* 1.02-10° . .
1. ng = 2, opposite-sign 118.043  323.531 195.033  347.516 3.72-10°
2. mge > 20 GeV 117.733  264.723 189.522  315.201 3.57-10°
3. Py > 200 GeV 1.987 3.834 91.273 104.434 1.28-10° |{0.004 2.62
4. n'* =1 (pr; > 200 GeV)| 0.957 1.858 50.443 58.810  395.602 ||0.006 2.17
5. ny, =0 0.940 1.825 48.855 57.068  105.851 || 0.01 3.29
6. p,. inside the two leptons | 0.923 0.533 20.215 55.551  44.050 || 0.01 2.30
7. mee < 70 GeV 0.796 0.490 3.860 53.985 8511 | 0.02 2.73
_ v | U‘_ B 502 Zj
{ —— - \:_\‘:“r\‘ -y é I —!l;vaJ
- - 1/—?7,7, [\\ -"-3 — h—o1T
= — h—>WW
B
N _% reject
£\ Y [ S
\ / “
\i/ Z-+jets becomes dominant BG
H > mem S0 100 150 200 350

m,, [GeV] 20



How boost helps, M_col distribution

Collinear approx.

Pr = Pr.v, + PT.0s = @=F T,
= 7 Horr 7
pl/1 — Oélpﬁl? pl/z — CVQPEQ (Oél, OZQ > O)
~ rec \ A f
% pT,H>2OOGeV \ P /l
%105 \ /
S | ¥
g H — 7o
=
B 1§ pCOl :pl/l _|_p1/2 ‘|‘p€1 _|_p£2
= -
2 2
Mcol — Pcol

thanks to m. < my

100 200 300 We see also myz — 77 peak
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H to tau tau results

Event rate [fb] H =711 H—> WW*|W,W;y+jets Z_,-+jets tyty+jets|| S/B S/v/B
0. Nominal cross-section 3149.779 10719.207 | 580.000  1.01-10* 1.02-10°
1. ng = 2, opposite-sign 118.043  323.531 195.033  347.516 3.72-10°
2. mge > 20 GeV 117.733  264.723 189.522  315.201 3.57-10°
3. Py > 200 GeV 1.987 3.834 91.273 104.434 1.28-10° |{0.004 2.62
4. n'* =1 (pr; > 200 GeV)| 0.957 1.858 50.443 58.810  395.602 ||0.006 2.17
5. ny =0 0.940 1.825 48.855 57.068  105.851 || 0.01 3.29
6. p,. inside the two leptons | 0.923 0.533 20.215 55.551  44.050 || 0.01 2.30
7. mee < 70 GeV 0.796 0.490 3.860 53.985 8511 |/ 0.02 2.73
8. |Meot —mpu| < 10 GeV 0.749 0.046 0.298 1.019 0.758 || 0.38 9.56
> P >200GeV  [F2Z
8105 Eszj
S/B ~ 0.4, S/v/B ~ 10 for 300 fb~1 = | e
H — 77 is visible S
10! Mwﬁ
102

100

200

300
M, [GeV]
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Higgs P11 distribution

H—=T1r H->WW~

Event rate [fb]

W, We+jets Z_,,,+jets tyt,+jets A S/B S/VB

8. |[Mcol — mu| < 10 GeV 0.749 0.046 0.298 1.019 0.758 || 0.38 9.56
pra > 300 GeV 0.234 0.012 0.115 0.343 0.166 || 0.39 5.40
pr g > 400 GeV 0.068 0.006 0.042 0.106 0.049 || 0.38 2.88
Py > 500 GeV 0.021 0.001 0.014 0.038 0.010 |/ 0.36 1.55
Py > 600 GeV 0.008 0.001 0.006 0.014 0.005 || 0.32 0.89

H momentum is reconstructed, we can observe pr g dependence

[tb/100Ge V]
|

200 300

y4
for H—tt Ot

EWWj

B h—e
Bh-ww

400 500 600 700
pe [GeV]

error  300fb~! 3ab~!

o(pr.g > 200GeV) 12% 4%
o(pr.g > 300GeV) 22% 7%
O'(pT,H > 4OOG6V) 41%  13%
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Event rate [fb] H—o71r Ho WW* W, W,+jets Z_,,.+jets t,t,+jets| S/B S/VB
6. P, inside the two leptons | 0.923 0.533 20.215 55.551 44.050 (| 0.01 2.30
7. mge < 70 GeV 0.796 0.490 3.860 53.985 8.511 0.02 2.73
8. |Mcol — mul| < 10 GeV 0.749 0.046 0.298 1.019 0.758 0.38 9.56
Py > 300 GeV 0.234 0.012 0.115 0.343 0.166 0.39 5.40
p‘}cCH > 400 GeV 0.068 0.006 0.042 0.106 0.049 0.38 2.88
Py > 500 GeV 0.021 0.001 0.014 0.038 0.010 0.36 1.55
Py > 600 GeV 0.008 0.001 0.006 0.014 0.005 0.32 0.89
g P >200GeV g Py~ 400GeV
310: @vevy =
= v A |
o §0'3-
10° i . .
10° beautiful side band
10* 100 200 300 100 200 300 100 200 300
M_, [GeV)
%10; R g | - A
= & removing my, cut
b ,“
g 1 =) ; — . .
® 80 WW , tt contribution
10" .
102 we can estimate
10° 100 200 300 100 200 300 100 200 300 24

M, [GeV) M_, (GeV) M_, [GeV)



New physics sensitivity

With the same cut flow, enhanced in high pr g since optimised for boosted H
- - — 1
— (c,x,)=(0.5, 0.5) — (c,k,)=(0.5, 0.5)
% d0 0 e (c,x5)=(0.7,0.3) % E""""" ...... (CI,K2)=(0.7, 0.3)
Q 10 (¢,%)=(0.9, 0.1) g S - (c,kg)=(0.9, 0.1)
—_ S S — SM
g 3 (SCTK:)=(11. ‘01) : BT I I (Ct:Kg)=(1'11 -01)
= 10 Y 0 . (¢ x,)=(13,-0.3) S 10— .. (¢ kg)=(13, -0.3)
= — (c,x;)=(1.5,-0.5) Hm N (ckg)=(1.5, -0.5)
= g - r B
5 107 - I /=
B 9 o
o 9 107F
10
1 N
1 0°F forH—twt |
10° i
. N N 1 . L . —l L
0 200 400 600 800 200 400 600 G 300
p, [GeV] PrylCGeVl
Model point (,) 0.5 04 03 02 0.1 |0(SM)|-01 -02 -03 -04 -0.5
3. pi% > 200 GeV 1.109 1.084 1.061 1.039 1.019] 1.000 |0.983 0.968 0.954 0.942 0.932 , ,
4. n'* =1 1.143 1.110 1.079 1.050 1.024| 1.000 [0.978 0.959 0.941 0.926 0.913 Kg > 0 enhance in high PT H
5. ny =0 1.143 1.110 1.079 1.050 1.024| 1.000 |0.978 0.959 0.941 0.926 0.913
6. p,. inside two fs 1.156 1.120 1.086 1.055 1.026] 1.000 |0.976 0.954 0.935 0.918 0.903 o :
7. me < 70 GeV 1157 1.121 1.087 1.056 1.027| 1.000 [0.976 0.954 0.934 0.917 0.902 g < 0 deficit in high PT . H
8. |Meot — mu| < 10 GeV|1.163 1.125 1.091 1.058 1.028| 1.000 |0.974 0.951 0.930 0.912 0.896
Sy > 300 GeV 1.392 1.303 1.219 1.140 1.067| 1.000 |0.938 0.882 0.831 0.785 0.745
P > 400 GeV 1.711 1.544 1.389 1.247 1.117| 1.000 |0.895 0.802 0.722 0.653 0.597
P > 500 GeV 2.131 1.857 1.607 1.381 1.179| 1.000 |0.845 0.715 0.608 0.525 0.465 o5
S > 600 GeV 2.602 2.201 1.840 1.520 1.240| 1.000 |0.801 0.642 0.523 0.445 0.407




Confidence Level

New physics sensitivity

SM vs. BG kg = 0.5 vs. BG

10° Syst. e}r(.)o Syst. err. Syst. err.
0% — 0% — 0% —
_q 5% -1 5% — 5% —
1y 0% — 10% —% 10% —
3 3
g, o
1072} g 1077 g
®] o]
= =
_3 -3 -3
107 99.0% C1L 107 99.0% CIL 10799 9% cL.
104 ' ' 104 m_———
10° 10! 102 103 10 10 10- 10 10° 10? 102 103
L [th]] L[] L[] 1
L =20 ~ 60fb L =15~ 30 .
L . - E for H—Tt
kg < 0: deficit is difficult to distinguish é :
S
& 107F

with 3000 fb—1, kg < —0.29 and k, > 0.24 excluded
with 10% sys. err., K, < —0.4 and x, > 0.3 excluded

Confidence Level (L
S S

%

-

[E—
-]
I

Ak by ttH : 0.15(300fb™1),0.12(3ab™ 1)
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degeneracy in ggH and ttH couplings

H — gg: sensitive to new physics, top partner in principle

eff

but only combination

= ¢t + K4 at low energy

cancellation in many models insensitive to top partner mass

pp — H + 7 breaks this degeneracy by pumping enough energy in the loops

alternative channel for ¢; measurement, usually based on ttH

We estimate how much we can measure the difference under presence of BGs

27



other following works

[Diptimoy Ghosh, Martin Wiebusch] Phys.Rev. D91 (2015) 3, 031701

C, Cs, C, L
Lo = A_;O” + A—;OS" * (FO' + h'c') 0, = ®'® G}, G" O, = Y, (®'®)(Q3Ltr®) ,
C, 03g _ fachapuGbqucpu . Oy = Yb(q’f‘p)(QsLqu’) )
-1 (Pob + h.C.) , (1) (2)

[Aleksandr Azatov, Christophe Grojean, Ayan Paul and Ennio Salvioni] zn.Eksp.Teor.Fiz. 147 (2015) 410-425, J.Exp.Theor.Phys. 120 (2015) 354-368

Z
Z % “i TOOOO0000
g ‘1{4‘; - g
— - C
C g
D' z z 0000000 z
g g g

off-shell Higgs breaks degeneracy
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Degeneracy in ttH CP-even, CP-odd couplings

my — ash’ a va cn g ~ aSh’ a vapv
— Ky 7 tth -1 l‘izg 197 ;GNVG“ -+ ’lK,t?t")’y,th -1 HQ%;GIWG e -1 EQCD .




higgs results CMS-Hig-13-005
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IR Sy s I N I I I I I I O O Y I

Y. - E
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ATLAS: k, [1.05,1.22] at 68% CL - «, [0.76,1.18] at 68% CL
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k¢ = —1 is excluded in 20 (SM:k; = 1) 29
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CPV ttH coupling

weakly constrained by H — gg and H — v :

g “0u0u0E0
e |0
0000090

g

my S e T
L; = —— (Kett + iRketyst) H
v
....... Kude=l
0.4
0.2

neutr. EDM

& 00
0.2
0.4 |
t
10 =05 00 05 10 _* %7
K‘ & € &

strongly constrained by EDM

B o=- ¢t ho==

Kg WA = 0.91 £ 0.08 ’ Ky WA = 1.10 £ 0.11 y

[Joachim Brod,Ulrich Haisch and Jure Zupan]
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CPV ttH COUp”ﬂg [ arXiv:1312.5736[hep-ph] J. Ellis, D. Hwang, K. Sakurai, MT]

weakly constrained by H — gg and H — v~

g 0000000 N

e 0 he= hom—— ' W
g 0200090 y’
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K, note: anti-correlation
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J[J[H, tHJ prOdUCtiOn rale [arxiv:1312.5736hep-ph] J. Ellis, D. Hwang, K. Sakurai, MT]
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J[J[H, tHJ iINnvariant masses [ arXiv:1312.5736[hep-ph] J. Ellis, D. Hwang, K. Sakurai, MT]

(V)

5
||

o = sgn (ﬁt“ - (5,2 x ﬁff_‘)) .

” a De': — =2
2 g "Og seee L= /4
2 > —|0 —SM
84} 84| 0.1 ....%_- n/4/2
b — = . — —5=
§0.04 150'02
: :
5 )
p Z. 0.16
0.02F
0.14F
0014
! N N T B N P IR PR B
00 600 800 1000 1200 1400 400 600 800 1000 1200 1400 o2b—
GeV -3 2 -1 0 1 3
m [GeV] m,;[GeV] AG,



HH invariant masses

arXiv:1309.6907 [ Kenji Nishiwaki, Saurabh Niyogi, Ambresh Shivaji ]
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other processes, other observables

[ Jung Chang, Kingman Cheung, Jae Sik Lee and Chih-Ting Lu ]

P

thw

104

18)

Figure 1. Comtribmting Foynman disgrams for gb — thy

|||||||||||

Flgure 2. Some of the contributing Feynman dlagrams for g9 -» thg'h

Figure 3. Some of the contributing Feynman diagrams for gb — thAW -,

Figure 4. Coatributisg Feynman dlagrams for ¢f ~+ thh

[Fawzi Boudjema, Rohini M. Godbole, Diego Guadagnoli, Kirtimaan A. Mohan]

a = sgn (ﬁttt ' (ﬁet—t X ﬁeit)) .

defined with lab frame observables

B = sgn ((py — Pp) - (Pe- X Pg+)) -

a2 A '
§ 0.073 S (at=1 ’ b.=0) l
w o.oes-—\\ —_— (a'=0, bt=1) ,’
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g 0055_'-.; \ ! t /
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Z 005

0.045- N T T TS
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B A8"™(I*,I"
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NLO prediction

[Federico Demartin, Fabio Maltoni, Kentarou Mawatari, Marco Zaro]

arxiv:1504.00611

00 L t-channel tH NLO cross section with uncertainties at the LHC13 &XO and t-channel tX, atthe LHC13
90 F NNPDF2.3 MSTW2008 crio 1 NLO inclusive cross section "_XO
80 E I , R - 103 - gluon fusion @ SM rate X, |
70 3 iii ) I; I[l PP—)IHQ(B)+iHQ(b) 11} III I{{ - : C: ?{é-f'l_)t(canﬂtt-’-isanAtt’YS)thO
| L 1=
= S0F ' 3 — ]
S T ”1 III “[ pp — tHq(b) Hi III [H 9 o
& : ®
190
10 %
ol 12 e
i ‘ , T S 3
i, : [ I 9! I {= 9
”] : pp — tHq(b) II ol {2 :','2;
20 4F SF comb. 4F  SF comb. . 5 T S S
Mg=(my+m,)/4 o= my(i¥6 i=Htb |2 0° 30° 60° 90° 120° 150° 180°
o

NLO in QCD is available, more reliable prediction possible.
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degeneracy in CP-even, C

P-odd ttH couplings

Higgs signal strengths can be satisfied along the ellipse.

o(ttH) decreases, o(tH) increases as ¢hty°t coupling increases

invariant mass distribution my. g, myg; are sensitive.

invariant mass distribution mgyg , myzz are also sensitive.

lab frame observables usetul. More studies welcome.
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Unitarity-controlled resonances after Higgs discovery

arXiv: 1503.07459

iM(WEW?E — WEWE) =

_ 2 2
IWWWW = Gww~ T E Giwwz.
i

amiy gwwww = Z3mfgngzi + zgngH,- ’
i ]

. 2
agwwzz = E :Qw,-wz
i

m;

2(miy +m%)gwwzz = Z (3m,2 - 2

Unitarity constrains W/'W Z, Z'W W couplings

mw: z: = 700 GCV, FW',Z' =3 GCV,
mwrz = 1000 ch, FW',Z’ =7 CCV,
mw z = 700 GeV, Iy z = 10 GeV,
mw: z = 1000 CCV, rw"Z' = 30 CeV,

(m% - 72?_4/)2) 2

a = 0.9,
a = 0.9,
a = 0.5,
a = 0.5.
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do/my [fb/66 GeV]

Unitarity-controlled resonances after Higgs discovery
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