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Overview

* Higgs Width: constraints and future
prospects

* Proposal to constrain ['H
* Higgs tagging
* Measurement strategy

* Projections @ 3000fb-1 HL-LHC

This is only a proof of concept
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The Hiqgs Width: I'y

* [sm=4.2 MeV
* Total cross section depends on coupling strengths in
production gi and decay gr stages, and width [ H

* How to extract [ H from an inclusive cross section
measurement?
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4 @ LHC

Peak width: On-shell/off-shell:
/ 00;5“”’15” N 3 égng fizz
h—=>vvy/ZZ - - MHH
Yy H off-shell ZggH8Hizz

dN/dm dN/dm | 85222 ™ T (my )2
| | ZZ(41) M4
limited by detector res. assSUMe: gk = gonghizy”

* [h<1.1GeV (270xsm)  * 1<9.1 MeV (2.2xsm)

* HL-LHC: 6lNu/lsm= 0.25-0.5
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4 @ Future Colliders

* Muon collider: great resolution dI'4/l'sm= 0.05
* Electron collider (e.g. ILC dI'n/T'sm=0.1):

1. Measure Zh cross section from recoil mass.
a(e+e_ — Zh) g,%ZZ
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' @ Future Colliders

* Muon collider: great resolution dI'4/l'sm= 0.05
* Electron collider (e.g. ILC dI'n/T'sm=0.1):

1. Measure Zh cross section from recoil mass.
0(e+e_ — Zh) g,%ZZ

2. Measure h+ZZ decay

2 2 94
JhzZZIXX —Pp T} x hZZ

T7Zh—-XX X
[y OZh—Z7Z
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[t with boosted Higgs

* Similar way but now use Higgs+1jet:
g g

N\
N\

g h
1. Measure inclusive cross section from reconstructed mn

2. Use existing measurements to constrain [ n:.
1. boosted h+bb
2. W+h->bb
3. W+h»>WW
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[t with boosted Higgs

1
X o(WHhosWW)

a(W—I—h—)l_)b))z

r g
h o(ggh — bb)

(ota9 1)

* See full math in backup
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[t with boosted Higgs

6o/osm =0.09

'

S I EuZ el |

o(ggh — Eb)

T |

0co/osm =0.05 0o/osm = 0.25 d0(gg=>h)
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[t with boosted Higgs

FhO(

10

1 o(W + h — bb) .
h _
oW+ h—WW) 5 ‘ 7(99 = M| o(ggh — bb) )

|

This talk is going to focus on how to measure this

Cristina Mantilla Svarez (JHU) - BOOST 2019



Higas + 1 jet topology

ISR recoiling jet

_./

" Fat-jet

1. Assume LHC can trigger on jet pt> 400 GeV
2. Tag Higgs jet for all decays
3. Fit Higgs mass
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Higas tagaing

H(bb)

- H()
H(cc) S
/ 2.8%
H
125 GeV \’ : H(WW)
&5 24%

* Assume decay products fall within jet cone
* Focus on tagging visible Higgs decays
* Will discuss H=>gg and semi-visible/invisible decays later
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Jet substructure for Higgs

* Two-object symmetric decay for Higgs: 1217

Events / bin
w »

h decay
—— oth
—— h - bb
—— h - WW
—— h -
— h -»gg
—— h >
—— Inclusive
—_
.
) '_l-—l E
— ; ;
2 0.4 0.6

2_prong Jet T2PT (a.u.) QCD
h

not good for
gg/WW/ZZ

—
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Simple RNN of particles

* Take 4-momenta + particle-ID of jet constituents (up to
first 20 - ordered by pr)

* Recurrent fully-supervised (GRU) + classifier layers
1.0 =
0.8 -
T =
o 7] B :
o) P oosted Higgs ggH
2 0.6 - GRU
O pr > 400 GeV
.g 60 <msp <160 GeV
% — Inclusive
= 0.4 —— other )
5\ — H - bb
v —— H->Ww
0.2 — H > TT
' — H -gg
—— H -»2ZZ
—— H —>ccC
0.0 . . . .
0.0 0.2 0.4 0.6 0.8 1.0

Background efficiency (QCD)
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Higgs inclusive performance |

* For h=>anything GRU has the best performance
* Use jet 121 as a reference.

1.0

T
(@)
S
>
O
C
w .
O . Boosted Higgs
5 g ggH
= - pr > 400 GeV
= 60 <msp <160 GeV
" Jet 7577
GRU

GRU + decay adv
NN ECFs (QCD weight)

=2
— Jet c’f

0.4 0.6 0.8 1.0
Background efficiency (QCD)
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Higgs mass

* Next step is to select Higgs jet and fit mass

ISR recoiling jet

* Visible decays: Higgs can be leading pr jet in the event
* invisible decays: neutrino will take away energy

* Take leading jet on (jet+neutrino).pT instead.

Cristina Mantilla Svarez (JHU) - BOOST 2019



Higgs mass

* Reconstruct Higgs mass as: (jet+neutrino).M()
* Here "neutrino” = rough MET reconstruction
* Assume same direction as jet (take jet n/@)
* MET Regression improves slightly signal resolution

Higgs decay
0.05 - —F— h -ww*
= h-tr 0.05
0 reCO,, —f— Others
0.04 1
0.04 1
£ -
o lllllll-+ll'b
— 0.03- |
0 1 0.03 1
C |
O
>
L
0.02 -
QOl-__J__J__I——I__L_J__J —_|
0.01
[ B = S
| s
0.00 : : : :
60 80 100 120 140 160 0.00

Jet mgsy (GeV)
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“regressi

Higgs decay
—+ h -ww*
—— h >1T
—— Others

.
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Fitting Higgs mass

* Fitting reconstructed mass in bins of pPT: [400-450],[450-500],[500-550],[550-in]
* (Consider 4 scenarios:

1. Just mass 2. T21selection

%10° x10°
_— LI A B L RO LI B B BN _— 6500 T T T T T T T
Q0 - o) - .
H ] 2 6000 [ Higgs ]
- = g C LU ]
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What the next plots show

Proj. 3000 fb-?
ll_l _:Sh | lits for 1 si
OowiIng results 1or 1 sigma
(68%CL) uNc on OCinclusive /OSM

OCinclusive /OsSM

Sensitivity of each decay channel®

| hoinc | hobb MWW hst hogg heZZ hoto

*(i.e. for each decay channel show with &(oxs/

Inclusive cross O BRYBWER with 1 = s/
section Cristina Mantilla Suarez (JHU) - BOOST 2019
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What the next plots show

=
)
o
~~
()
=
5
TCJ """"" CMS Offshell projection
o ATLAS Offshell projection
e*e” projection
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What the next plots show

> P
(D f
) o
.2 ).O (]()',")
(7)) 7
>
O 0./ CMS Offshell projection
=
o ATLAS Offshell projection
© I jal fit B
0.5 olynomial TiIt.
—+ p y . ) -
0.4 more realistic
o 4th order poly x 4 pt categories
e => 16 free parameters for QCD
template fit: Similar to CMS boosted H(bb) ’
bit optimistic = =-(N0 systematics: -

utopic

h—inc h— bb h— WW h— Tt h— gg h— ZZ h—Tc

’

*(i.e. for each decay channel show with &(0xs/(0sm*BR)) with p = Oxs/Osm)
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Tauz;
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0.8
0.7
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0.5
0.4
0.3
0.2
0.1

OCinclusive /OsSM

Proj. 3000 fb-1

= | | =
= @ e E
= @) T (10%) - =
— e CMS Offshell projection —
- e ATLAS Offshell projection -
- e'e” projection -
— g
~ . u
- T le :
E z H z : E
- | | | | | | -
h— inc h— bb h— WW h— Tt h— gg h— ZZ h— ¢c

* Zooming in (h =WW/ZZ limit is around 3.)
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GRU + GRU PPT

Proj. 3000 fb-"

s 0.5 m | | =
7)) — -
Q 0.45 — 4‘* gru (1%) =
GZJ 0.4 f_ ‘ gru ddt (1%) -
é 0.35 ;_ """" CMS Offshell projection
= - TTo- ATLAS Offshell projection
B 0.3 - e*e” projection
0.25F
0.2
0.15F
0.1 =
0.05F =

h— inc h— bb h— WW h— Tt h— gg h— ZZ h— Cc

* Un-decorrelated version (GRU) is MUCH more challenging
(really hard to fit sculpted shape of QCD)



GRU + GRU PPT

0.5

— I
0.45 i_ 4‘* gru (1%)

Proj. 3000 fb-1

/BR

Could constrain: O0inclusive /Osm ~ 0.05 - 0.17
Ol H/lTsu~0.2-04
Oy~ 0.8-1.7 MeV
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Discussion

* This is only a proof of concept assuming Lorentz
iInvariance

* \Where can model dependence come in”?

* h=>gluons/h=>BSM that looks like bkg.: are the
real challenge

* h=>semi-visible decays:

* Strategy for h(tau-tau/WW) works well => can
be improved

* h=>invisible & h=> long lived decays
* Bounded by h->invisible (4% in VBF)
* Signal efficiency measurement is an open question

Cristina Mantilla Svarez (JHU) - BOOST 2019
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Sumwary

* Proposal to measure inclusive Higgs at high-pT
@ LHC

* Could constrain 'y at level comparable to on-
shell/off-shell measurements (01 ~0.8-2 MeV)

* Hope to initiate discussion on: boosted H(gg)
tagging/ how to recover invisible/semi-visible H

decays

Cristina Mantilla Svarez (JHU) - BOOST 2019



More material
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I' it with boosted Higgs

O

Measure (99 = k) < g;, from reconstructed h mass.

Measure boosted h +bb  o(ggh — by) 22

2 2Fh

Measure W+h bbb  sw+h =) « gwlgvgab
h

Take ratio: W +h=b)  giww
o(ggh — bb) 92,
o(W + h — bb) > *

Measure W+h > WW oW + h - W) o 0w

r
Replace gww from (*) "
Get total width:

PhO(

1 < (o _)h)xa(Wﬂ-h—)Eb) ?
oW +h— WW) 79 o(ggh — bb)
Cristina Mantilla Svarez (JHU) - BOOST 2019
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Results & interpretation

* Projections @ 13 TeV / 3ab-1

2 -
9 vy h—s b
2 :u’ggh 2 j
:u’ggh_)bbu'W-l-h—)WW

2 2 2 2 2
opp = 40pgep + Oy 4 hsww + 4015y 4 hsbp T 405 0h b

* How to get 0lH/I'sm @ 68%CL.:
1. Inclusive H: dM(ggh) (%) = XX ~ [0.05-0.1]
2. Boosted h(bb) Opggh->bb) (%) ~ 0.25% OU(ggh)
3. W+h(bb) dumw+h->bb) (%) = 0.09
4. WBF+h(WW) opw+h>ww) (%) = 0.05
* Final unc:
* Ol H/l'sm~sqrt(0.052+4*0.092+4*(1+0.252)*(XX2))
* range: [0.27-0.35]

FTR-18-011

Cristina Mantilla Svarez (JHU) - BOOST 2019


http://cds.cern.ch/record/2647699?ln=en
http://cds.cern.ch/record/2647699?ln=en

Hiaas pT

* Slope follows more conservative approach close to LHCXS WG

Nevents/fb
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Higgs mass

* Next step is to select Higgs jet and fit mass
* Visible decays: Higgs is leading pr jet in the event
* Invisible decays: neutrino will take away energy
* Take leading jet on (jet+neutrino).pt instead.

*  h(tautau) when taking leading pr jet *  h(tautau) when taking leading jet on
(jet+neutrino).pt

mhgen_mmdt {mhgen_mmdt < 1200 && h_decay_id1==3} mhgen_mmdt {h_decay_id1==3&&met_pt>100}
500 htemp htemp
— Entries 573" m A Entries 16496
Mean 576.¢ B Mean 211.8
- StdDev  275. 10000/— StdDev  213.6
400—
8000 —
300{— i
B 6000 —
200— —
~ 4000 —
100[— 2000 {—
0 B | 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1 1 1 1 0 - L"“‘— =| == | Il L L L I 1 L L | Il L Il Il | L L L
0 200 400 600 800 1000 1200 (0] 500 1000 1500 2000 2500
mhgen_mmdt mhgen_mmdt
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Higgs mass

* Take the regressed MET and use jet n/¢
* WW/tau-tau: yields a pretty clear improvement in the
mass distribution
* For QCD and b-jets effect is small

—_

28858838888

. Adding MET
b Jet Mass TT

4500 Adding MET WW

4000t Jet Mass

40 60 80 100 120 140 160 180 ‘ ‘ : : ‘ :
L 0 60 80 100 120 140 m;tsso;(ee‘})so

bb

L0 = - -

ovv

40 60 80 100 120 140 160 180
Mass(GeV)
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Tauz;

Signal efficiency (ggH)

1.0

0.8

0.6

0.4

0.2

0.0

~7 Boosted Higgs ggH

Z Jet 2P

pr > 400 GeV
60 <msp <160 GeV

Inclusive
other

- bb

- WWw*
=TT
g9
-7Z"
- cC

I T T T T T

0.0

0.2 0.4 0.6 0.8
Background efficiency (QCD)
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Minimizing bias against decay

* Attempt to add adversarial to minimize bias against h decay.
* Does not really work: I.e. performance reduces to h(gg)

1.0 A

1.0

o o o
£ (o)} (0]
] ] ]

Signal efficiency (ggH)

o
N
1

0.8 -

0.4

T
: 2 Boosted Higgs ggH
Boosted Higgs ggH S
~“ GRU(4,50) + decay adv > 0.6 o G430 & Jecay adv
pr > 400 Gev _5 ,’/ 60 <msp <160 GeV
60 <msp <160 GeV o e .
. = , —— Inclusive
— Inclusive D R
— 0.4 - ’ —— other
—— other o JRe -
_ S —— h(bb)
—— h(bb) 5 W)
—— h(WW*)  h(tD)
— h(TT) 0.2 - h(gg)
— h(g99) — h(Zz2)
h(zZ) —— h(cc)
— hicd) 0.0 . . . .
T T 0.0 0.2 0.4 0.6 0.8
0.6 0.8 1.0 Background efficiency (QCD)

Background efficiency (QCD)
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Fit details

* Systematics
* Systematics on W/Z/top normalization
* Shape systematics on W/Z/H
* Backgrounds
* QCD estimate:
* Template fit (optimistic approach)
* Polynomial fit - 4th order - (# of parameters similar
to current approaches e.g. CMS boosted H(bb))
* Non-DDT versions are non-realistic...

Cristina Mantilla Svarez (JHU) - BOOST 2019
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h to gluons

* Are the real challenge
* Trained adversary to minimize bias against H decay
=> brought sensitivity back to level of h=>gg

s 0.8 | n
n - .
b 07 - '— all decays —]
~~ B _
o - @ .
% 06 :_ —————— CMS Offshell projection _:
(_33 05 f_ ------ ATLAS Offshell projection B T ol
C - e*e’ projection ] % C
— 7 § 800l
b 04— _ z
w - N 600}
0.3 .
- 200
0.2 I ' .
o= = ‘ —
0 - | | :

For GRU\ sensitivity comes from VH
Cristina Mantilla Svarez (JHU) - BOOST 2019
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GH O"IY * For GRU, hgg comes from VH

o 1 = I I ] o 0.5 = I I ]
0 - o 3 0 3 E
\Ogé 0.9 E_ : 20T (10%) ggh ] ;Q 0.45 - ' gru (1%) ggh ]
0.8 Kl = 0.4 % =
E ----- CMS Offshell projection L E E ‘ gru (1%) o E
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05 E_ - 0.95 E_ I:I e'e projection -

0.4F 0.2F

0.3F 0.15F
0.2 0.1 E
0.1 3 0.05F 3
= | | | | | | = - ]
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x 0.5¢ T | | | I
L, 0455 @ wwom
S ap @re

0355 . ssommrrne

I

0.25F
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0.15F & i |

0.1F
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C I I I | |

h— inc hsBb h=WW  hoxe h—gg



Scans

oys(No systematics)
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:""""""""""""""I""I""I"":
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Just mass and GRU+Adyv.

5,./BR
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CMS Offshell projection

ATLAS Offshell projection

e*e projection

TN . - AT A

h— inc
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Tauz1 (WW/ZZ)

o,/BR

2.5

1.5

0.5

‘ <007 (6%)

121'“ (10%)
----- CMS Offshell projection

----- ATLAS Offshell projection

e'e” projection
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ariation of the fit

o,./BR

T 1o o - | ! ! ! ]
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GRVU response

h decay , Passing region
12 I
—— other 0.07 1 : z
—— h -bb =w
h o WW* —— Multijet
10 - — ho>TT 0.06 - —— Top
— h —»gg
h -2z 0.05 -
8 - —— Inclusive c
= e
QO ~
~ ﬂ 0.04
b -
C 61 )
) >
> L 0.03 1
L
4_
0.02 - e
J'_'__':—i— H_L'—'—o—o—
2{ | 0.011 : Hee e
L _ -~y :|
— — T
—|=;—- : : — 0.00 == : : : .
0 = . 60 80 100 120 140 160
0.0 0.2 0.4 0.6 0.8 1.0 Jet mgy (GeV) GRU (a.u.)< 0.27
GRU (a.u.)
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MET regression

* Perform regression on MET.pt using kinematic inputs of jet/
MET/ECFs

h decay - h decay - h decay
0.0200 1 —_— other_ 2 —_— other_ | —_— other_
—— h >bb —— h >bb —— h ->bb
— h >ww” N — h -s>ww” 0.08 1 — h sww"*
0.0175 — h o1t , — h o1t N — h -1t
h -gg ] h -gg u —— h -gg
0.0150 1 h-»zz" | — h»2Zzz" — h-2zz*
c Inclusive N —— Inclusive c 0.061 —— Inclusive
L 0.0125 °
~ ~
2 1; 9 2 -
gen regression
> >
i} i}
0.0075 -
4.
0.0050 - 0.02 1

0.0025

0.0000 - = - - : ) 7 - - T 0.00 - : - -
0 50 100 150 200 250 300 0 50 100 150 200 250 300 0 50 100 150 200 250 300
MET smear (GeV) MET gen (GeV) MET regressed (GeV)

h decay — h decay
0.0200 - —— other - —— other
h - bb 0071 —— h »bb
* *
0.01751 : - ww | — : > WW
— h -7t 0.06 1 — ho->rtr
— h -gg || — h -gg
0.0150 1 — h 22" - — h >2zZ"
= —— Inclusive c 0.05 - —— Inclusive
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Numbper or events (normalized)
° ° °
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Mass reconstruction

‘reco” vs ‘regressed” “reco” =g  regression

_ C—1 hW W (reg) _ h decay — h decay
1 hWW (met) — other 0.087 —— other
[ htau tau (reg) 0.08 1 —— h =bb —— h -bb
1 htau tau (met) — h swWw* 0.07 — h ->WwW
L1 1 :g:u g:u (regt) h ->TT || — h ->r1t7T
1 hgluglu(met) — h->gg 0.06- — h-gg
| | — hzz" ' || — h-2zz
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| = | ~
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I T — (] — |
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s @ Muon Colliders

* Muon collider: great resolution dl'H/I sm= 0.05
* Scan against collider energy sqrt(s):

R :
L QT ok i ‘
60 i
501_ ! i Breit—Wigner
: i i [,=4.21 MeV
R, 40} '
s 0f

)\ R=0.003 %

125 97 125 98 125 99 126 126 01 126 02 126 03
Vs (GeV)
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4 @ Electron Colliders

1. Measure o(ete™ — Zh) x gi,, by tagging ZH and
recoll mass:

82  b)
S | ZH- e*e’X
W eo0t «  Signal+Background
dN/dm | ZZ/\WW -l —— Fiteo snabackorouns
' Ml —— signal
‘ 40 '_ ......... tht d background
20 - ' il i -
i | 1 ‘|"i HI l””'”l“""““"“"ll
. o i
Myrecoil I T T TP e

recml (\/— EM) |ﬁ€€ |2 my /GeV

2. Measure h®XX decay 0zn-xx 2

oansxx = oleTe™ — Zh) x BR(h — XX) thZg’}XX,

3. Gettotal width: . 9izz
W IhZZ G (ete= — Zh) x BR(h — ZZ)
2
9nhz2z
" BR(h — 27)
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