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Higgs with ATLAS at LHC

what about 

decay to fermions?
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H→ττ ⇒ VBF H

Cahn and Dawson
PLB 136 (1984) 196

BR(H→ττ) = 6%

big background from Z→ττ

⇒ best search: VBF production

>> σ(QCD H→ττ)

σ(QCD Z→ττ)

σ(VBF H→ττ)

σ(VBF Z→ττ)

~1 ~10-3

assuming 
mH ~ 125 GeV

Volume 136B, number 3 PHYSICS LETTERS 1 March 1984 

F)g. 2. Production of a Higgs boson together with a vector 
boson (V = W or Z). The particles in the initial state are a 
quark and an anti-quark. 

is no longer the case. F o r M  H ~ 6M w and m t --~ 30 
GeV the contribution from W'W* ~ H is about equal 
to that from gluon fusion, and for larger Higgs masses 
it dominates. 

We compute the amplitude for the diagram in fig. 1 
as 

c ~  =gVVH i f ( p ] )  7~.(gv + g A T S ) U ( P i  ) 

t 
X U(p~) 7h(gV +gA75)u(P2)  

X ( q  2 - M2"~-l(q 2 V - '  ~' 2 -  M 2 )  -1 ' (2) 

where for V = W we have 

gWW H = gMw , Oa)  

g v  = - g A  = g / 2 x / ~ ,  (3b) 

where g = e/sin 0 w. For V = Z we have 

gZZH = gMw / c°s20w , (4a) 

g v  = (g/cos 0W)(~- T3L - Q sin20w) , (4b) 

gA = --(g/cos 0W) ½ T3L , (4c) 

where T3L and Q are the third component  of  weak 
isospin and the charge of  the quark. With 

1 
gL = ~ (gV - g A ) ,  (Sa) 

gR = 1 (gV + g A ) '  (5b) 

the spin averaged matrix element squared is 
, p,  p' p'  Iqg] 2 =64g2vH[C1P1"PZPl  " 2 +C 2P l "  2 l ' P 2 ]  

X (q2 _M2"rltqZv.  I ~. 2 - M 2 )  -1 , (6) 

where 
_ 2 ,2 + g 2 g ~  (7a) C1 - gLgL 

_ 2 , 2 -  2 ,2 (7b)  C 2 - g L g R  * g R g L  • 

We indicate g = (Pl +P2)  2 and work in the CM of  Pl  
and P2, defining 

' 1V's(1 r/) (8a) E1 =3  -- , 

E~ =½V'~(1 - ~ ) ,  (8b) 

cos 0 = 4 1  "/~2 = 1 - 2(~'~ -M2/ s ' ) / ( 1  - ~')(1 - 77). 
(8c) 

We assume that the incident quarks give a small 
fraction of  their energy to  the virtual vector bosons 

p, , , p,  s o ~ , ~ l  a n d P l . P 2 ~ P l .  2 ~ P l . P 2 2 P l  • 2 ~ 
§/2. We find then 

q l  2 -½ (1 - c o s  s i n  

q2 ... _21_ ~[1 - cos(tx - 0) sin t3] . 

If  the orientation of  the three-body final state is 
specified by Euler angles a,/3 and 7 in the usual way, 

d a v y  = [g2vH(C 1 + C2) dr~ d~" dot d cos/3] 

(ga) 

(9b) 

G × {4rr4§ 2 [ 1 - c o s a s i n f l + ~ A  ]2 V 

× [1 - c o s ( a - 0 ) s i n f l +  ~ - A v ] 2 ) - I  , (10) 

wi thA v = 4 M 2 / L  F o r A v  ~ 1,0 ~ 1, the integral 
is dominated by the region a ~ 0,13 "" rr/2. Using the 
small angle approximation we find 

Fig. 3. Production of a Higgs boson from a pair of gluons. 
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BR(H→ττ) = 6%

big background from Z→ττ

⇒ best search: VBF production

>> σ(QCD H→ττ)

σ(QCD Z→ττ)

σ(VBF H→ττ)

σ(VBF Z→ττ)

~1 ~10-3

assuming 
mH ~ 125 GeV
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We compare Higgs boson production mechanisms at multi-TeV hadronic colliders. In addition to the previously inves- 
tigated processes gluon + gluon ~ H and q?l ~ V* ~ VH (V = W, Z), we consider Higgs boson formation by pairs of virtual 
W's or Z's, a process analogous to two-photon collisions in e+e - scattering. The Higgs production process W'W* ~ H' is 
dominated by longitudinal W's and is the most important mechanism for M H > 6 M W, if the top quark mass is about 30 
GeV. 

1. Introduction. The standard Glashow-Weinberg-  
Salam [1 ] model of electroweak interactions has 
been extremely successful at predicting low energy 
phenomena. With the recent discovery [2] of the 
W and Z gauge bosons, the only particle of the theo- 
ry remaining to be discovered is the I-Iiggs boson, a 
neutral spin-zero particle. The Higgs is required for 
the spontaneous symmetry breaking which give rise 
to masses in the theory. Unfortunately, although the 
couplings of the Higgs boson to quarks and leptons 
are predicted, its mass is not.  

We shall consider here the possibility that the I-Iiggs 
boson is very massive, in fact with a mass several times 
that of the W. The dominant decay of such a Higgs 
boson is into W or Z pairs. The partial widths are pre- 
dicted to be 

r ( H  ~ W+W - )  "" GFM3H]87rx/~ 

"~ 40 GeV(MH/500 GeV) 3 , ( la )  

F(H -~ ZZ)-~ 21- F(H-~ W+W-). (lb) 
Clearly, for M n > 10Mw, the width of the Higgs 
boson is so great that its detection becomes quite 
improbable. For Higgs boson masses above threshold 

This work supported in part by the Director, Office of 
Energy Research, Office of High Energy Physics and 
Nuclear Physics, Division of High Energy Physics of the 
U.S. Department of Energy under Contract DE-AC03- 
76SF00098. 
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for the WW decay but not in excess of 7 - 8  M w there 
is a chance that the Higgs boson could be found in ex- 
periments at a multi-TeV hadronic collider. The best 
signature may be furnished by the leptonic decay of 
one of the W's or Z's [3]. 

2. Bas& production cross sections. In the standard 
electroweak model, the Higgs boson can be produced 
from quark-ant i-quark interactions, figs. 1 and 2, or 
from gluon-gluon interactions, fig. 3. Previously, it 
has been assumed that the dominant mechanism is 
gluon fusion. However, for a heavy Higgs boson, this 

Pt 

PI I 

; / 

Fig. 1. Higgs boson production from virtual vector boson 
pairs (V = W or Z). The initial state quark (or anti-quark) 
momenta are Pl and P2 and the corresponding final state 
momenta are P'I and p~. The momenta of the virtual vector 
bosons are q 1 and q2. 

0.370-2693/84/$ 03.00 © Elsevier Science Publishers B.V. 
(North-Holland Physics Publishing Division) 

✓

http://10.1016/0370-2693(84)91180-8
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categorization, MVA

each category:

separate signal vs. background 


with BDTs
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H→ττ kinematics

6

categorization, MVA
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categorization, MVA
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signal hypothesis favored
μ = 1.4 ± 0.4
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H→ττ results

4.5σ
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Higgs results
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H→ττ at HL-LHC
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summary

evidence for H→ττ at ATLAS with Run-I dataset

potential for precision measurements at HL-LHC

observe 4.5σ
μ = 1.4 ± 0.4

(expect 3.4σ)
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bonus
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Δμ(H→ττ)

7. Results
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Figure 7.4: Plots of data and prediction which emphasize the most sensitive regions [89]. The indi-
vidual BDT bins from all six categories are ordered by S/B and plotted on a shared axis
(left) and entries in the mMMC

⌧⌧ distribution are weighted by log(1 + S/B) (right).
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Figure 7.5: Comparison of the impact of the statistical and systematic uncertainties on the absolute
uncertainty on µ [89].
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