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Higgs boson at the LHC
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Higgs boson at the LHC
- LHC, the largest high energy collider in the world.

{llustration Philippe"Mouche
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Higgs boson at the LHC
The production of the SM-like Higgs boson.
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Higgs boson at the LHC

- The experimentalists work hard to investigate the properties of the
125 GeV SM-like Higgs boson at the LHC.

Precision of Higgs coupling measurement (7-parameter Fit)
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From Kaili Zhang’s talk.
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Higgs boson at the LHC

- The experimentalists work hard to investigate the properties of the
125 GeV SM-like Higgs boson at the LHC.

Precision of Higgs coupling measurement (7-parameter Fit)

s LHC 300/3000 b~ -

s CEPC 250 GeV at 5 ab™" wi/wo HL-LHC|

Physicists make a lot of Higgs bosons (((107)) at the LHC.
But how about the real life of the Higgs bosons in our universe?

Kp K¢| K, Kq Ky K Ky

From Kaili Zhang’s talk.



The Early Universe and
_ Quark-Gluon Plasma




HISTORY OF THE UNIVERSE

High-energy
cosmic rays

t = Time (seconds, years)

Accelerators

LHC

W RV 1gi55 58

A/
Qi

N
0

/
A

6\

protons

}0‘ 0

Cosm
RHIC & Backgr
LHC is visible

heavy
ions

niverse

size of visible &

WAO4 SNOI1ONN
WIO4 310NN

G L

icrowave

d radiation

Str ctur; V
formation
e

2

E = Energy (GeV) L. q’;‘ !
Key Y 5
Vi
k ; W A
Q quar 0 neutrino ‘ ion * star //‘V
'*F. gluon .
0® electron osens . atom ’@ galaxy
o @  meson .
moen » ? black
0 tau @  baryon photon .‘ Lole
Particle Data Group, LBNL © 2014

Supported by DOE



HISTORY OF THE UNIVERSE )

Cosm icrowave xftu.re
Background radiation formation |
is visible ‘ | '
LHC . %
protons n\‘le"se =

i N

Accelerators |LHC

SN
o

High-energy
cosmic rays

>
N

L

WIVA 31g/5558

Al

\'4
WIO4 310NN

<

t = Time (seconds, years)
E = Energy (GeV) & -
Key

O auork JE
quar ) -
neutrino ‘ ion * star //‘V V

)
B el o -, w o
©® celectron ‘otom Q galaxy .

o -

meson

® muon » ? black
0 tau @  baryon photon . Lole

Particle Data Group, LBNL © 2014 Supported by DOE




The Quark-Gluon Plasma

The QCD phase diagram.
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From pp Collision to PbPb Collision

The proton-proton collision.

Hard scattering
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From pp Collision to PbPb Collision

ne lead-lead collision.

The collision energy in the lab frame:
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From pp Collision to PbPb Collision

ne lead-lead collision.

The collision energy in the lab frame:

dU#

= qF*" U,
dT q
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From pp Collision to PbPb Collision

ne lead-lead collision.

ne collision energy in the lab frame:

Determined by the
collider!
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From pp Collision to PbPb Collision

The lead-lead collision.

The collision energy in the lab frame:

Determined by the
collider!
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From pp Collision to PbPb Collision

-  The lead-lead collision.

- Impact parameter (perpendicular distance): Centrality.

Spectato
'\akg
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before collision after collision
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From pp Collision to PbPb Collision

The lead-lead collision.

The differential cross section.

donNox(SNN) =(INN(0)N - fo/n(Ta) @ N - fo/n(xp)

X daab—)X (waaijNN)
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From pp Collision to PbPb Collision

The lead-lead collision.

The differential cross section.

donNox(SnN) =(ITNN(0)N - fa/n(Ta) @ N - fo/n(xp)

X dUab—)X (waaijNN)

Nuclear overlap function: for centrality ~ 0-10%, it is ~0.42.
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From pp Collision to PbPb Collision

The lead-lead collision.

The differential cross section.

donNox(SnN) =(Tnn(0) N - fa/n(Ta) @ N - fo/n(xp)

=Y do_ab—>X (xaaijNN)

Nuclear overlap function: for centrality ~ 0-10%, it is ~0.42;

Number of nucleons in a nuclear: for 208PD, it is 208.
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From pp Collision to PbPb Collision

The lead-lead collision.

The differential cross section.

donNox(SnN) =(Tnn (D) N - fa/n(Ta) @ N - fr/n(2p)

=Y dUab—)X (xabeNN)

Nuclear overlap function: for centrality ~ 0-10%, it is ~0.42;
Number of nucleons in a nuclear: for 208PDh, it is 208;

Nucleon parton distribution function: nCTEQ15 in our work.
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From pp Collision to PbPb Collision

The lead-lead collision.

The differential cross section.

donNox(SnN) =(Tnn(0) N - fo/n(Ta) @ N - fi/n(2p)

¢ do_ab—>X (xawbSNN)

Nuclear overlap function: for centrality ~ 0-10%, it is ~0.42;
Number of nucleons in a nuclear: for 208PDh, it is 208;
Nucleon parton distribution function: nCTEQ15 in our work;

Parton level hard scattering cross section: from pQCD.




From pp Collision to PbPb Collision

The lead-lead collision.

The differential cross section.

Nuclear modification factor:

R . dO‘NN
NNV-= <TNN(b)>N2dO'nn

If the nuclei-nuclei collision is just the incoherent superposition of
nucleon-nucleon collision, Rnn =1.
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From pp Collision to PbPb Collision

-  The lead-lead collision.

- Typical result of Ran.
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ATLAS Collaboration, ATLAS-CONF-2017-009.
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From pp Collision to PbPb Collision

-  The lead-lead collision.

- Typical result of Ran.
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Jet Quenching in the Heavy-
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Heavy-lon Collision at the LHC

- The discrepancy between the measured Rynv and 1 is a strong
evidence of the QGP formed in the heavy-ion collision at the LHC
in low centrality region.

- The quark and gluon travel in the hot dense phase, the QGP, will
lose their energy by collisions and radiations.
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Heavy-lon Collision at the LHC

The discrepancy between the measured Rny and 1 is a strong
evidence of the QGP formed in the heavy-ion collision at the LHC
in low centrality region.

The quark and gluon travel in the hot dense phase, the QGP, will
lose their energy by collisions and radiations.

E E-AE . i
q: fast colour triplet
"0,  Induced A
+ AE gluon

g fast colour octet 1993 radiation > <g>
dn®
. oy
Q: slow colour s
‘ o Energy
triplet loss?
E IYAE I |
o QQ: slow colour - +—
: singlet/octet Dissociation £, :
| E-AE :
I v*: colourless " A
X — ><: ]
(medium) Y- colourless ' g CONITOIS
1
QCD medium

Jet Quenching







e e . . . final detected
Relativistic Heavy-Ion Collisions particle distributions

made by Chun Shen ] Kinetic
reeze-out

Hadronization
Initial energy

Pre-.
equilibrium : _
ynamics viscous hydrodynamics

— | free streaming _

collision evolution
t~0fm/c T ~1fm/c t ~ 10 fm/c T ~ 1012 fm/c




Heavy-lon Collision at the LHC

- Searching evidence of jet quenching in heavy-ion collision.

-+ Associated production of Objects which does not interact strongly
with QGP (photon, leptonic decay Z, ...) and smgle hard jet.
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ATLAS Collaboration, ATLAS-CONF-2016-110. ~



Heavy-lon Collision at the LHC

Searching evidence of jet quenching in heavy-ion collision.

Associated production of Objects which does not interact strongly
with QGP (photon, leptonic decay Z, ...) and single hard jet.
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CMS Collaboration, Phys. Rev. Lett. 119 (2017) 082301.
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Heavy-lon Collision at the LHC

Searching evidence of jet quenching in heavy-ion collision.
Quarks and gluons lose their energy and become soft in the QGP.

But, wait wait walit!




Heavy-lon Collision at the LHC

- Searching evidence of jet quenching in heavy-ion collision.
- Quarks and gluons lose their energy and become soft in the QGP.

- But, wait wait wait!

Relativistic Heavy-Ion Collisions

PR Lifetime ~ 10fm/c

How long Ls it?




Heavy-lon Collision at the LHC

- Searching evidence of jet quenching in heavy-ion collision.
- Quarks and gluons lose their energy and become soft in the QGP.

- But, wait wait wait!

Relativistic Heavy-Ion Collisions

article distribution
made by Chun Shen re;Z : [ ] [ J
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Heavy-lon Collision at the LHC

Who is who?

( ip-x> ( i(m—iF)r)
~exp | — ~exp | —
w~exp (= p -
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Heavy-Ion Collision at the LHC

Who is who?




Heavy-lon Collision at the LHC

There is a fundamental particle whose width is smaller than
197MeV!
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Higgs in Heavy-Ion Collision

- The production cross section.

doNN—-x(SNN) =(TNN ()N - fayn(Ta) @ N+ fi /0 (20)
® dogp— x (T TpSNN)

Nuclear overlap function: for centrality ~ 0-10%, it is ~0.42;

Number of nucleons in a nuclear: for 208Pb, it is 208;

Nucleon parton distribution function: nCTEQ15 in our work;

Parton level hard scattering cross section: from pQCD.

M‘
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Higgs in Heavy-Ion Collision

The production cross section (xsec).

PbPb(pp) in nb(pb)

process
5.5 TeV 11 TeV 39.4 TeV
GF 480(10.2) 1556(35.2) 9580(235)
VBF | 15.3(0.316)  65.6(1.40) 421(10.02)
Zh | 10.2(0.230)  28.1(0.687) 147(3.97)
W*h | 838(0.162) 21.8(0.716) 94.2(3.19)
W~h | 9.22(0.143) 23.4(0.435)  99.5(2.34)
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Higgs in Heavy-Ion Collision

The production cross section (xsec).

Largest xsec, but
huge background and
hard to trigger @

process

PbPb(pp) in nb(pb)
5.5 TeV 11 TeV 39.4 TeV

GF 480(10.2) 1556(35.2) 9580(235)
VBF | 15.3(0.316)  65.6(1.40) 421(10.02)
Zh | 10.2(0.230)  28.1(0.687) 147(3.97)
W*h | 838(0.162) 21.8(0.716) 94.2(3.19)
W~h | 9.22(0.143)  23.4(0.435)  99.5(2.34)




el

Higgs in Heavy-Ion Collision

The production cross section (xsec).

PbPb(pp) in nb(pb)
5.5 TeV 11 TeV 39.4 TeV
GF 480(10.2) 1556(35.2) 9580(235)
VBF | 15.3(0.316)  65.6(1.40) 421(10.02)
Zh | 10.2(0.230)  28.1(0.687) 147(3.97)
W*h | 838(0.162) 21.8(0.716) 94.2(3.19)
W~h | 9.22(0.143)  23.4(0.435)  99.5(2.34)

process

Largest xsec, but
huge background and
hard to trigger @

Large xsec, two hard
forward jets in
vacuum, but will be
quenched ©




Higgs in Heavy-Ion Collision

The production cross section (xsec).

PbPb(pp) in nb(pb)
5.5 TeV 11 TeV 39.4 TeV
GF 480(10.2) 1556(35.2) 9580(235)
VBF 15.3(0.316) 65.6(1.40) 421(10.02)
Zh 10.2(0.230)  28.1(0.687) 147(3.97)
(0.162)
(0.143)

process

Largest xsec, but
huge background and
hard to trigger &

Large xsec, two hard
forward jets in W*h | 8.38

0.162)  21.8(0.716)  94.2(3.19)

vacuum, but will be W~h | 9.22(0.143 23.4(0.435) 99.5(2.34)
quenched @

Small xsec, and W
decay? Hadronic —
large background and
trigger, leptonic —
missing energy &




Higgs in Heavy-Ion Collision

The production cross section (xsec).

PbPb(pp) in nb(pb)
5.5 TeV 11 TeV 39.4 TeV
GF 480(10.2) 1556(35.2) 9580(235)
VBF 15.3(0.316) 65.6(1.40) 421(10.02)
Zh 10.2(0.230)  28.1(0.687) 147(3.97)
(0.162)
(0.143)

process

Largest xsec, but
huge background and
hard to trigger &

Large xsec, two hard
forward jets in W

h | 8.38(0.162) 21.8(0.716)  94.2(3.19)
h| 9.22(0.143)  23.4(0.435)  99.5(2.34)

vacuum, but will be |4
quenched @

Small xsec, and W
decay? Hadronic —
large background and
trigger, leptonic —
missing energy &

Small xsec. But with leptonic decay Z
— energetic dilepton with invariant
mass ~ mz, less background and easy
to trigger ©




Higgs in Heavy-Ion Collision

A successful example of leptonic
decay Z reconstruction in heavy-
lon collision at the LHC.

Electron-positron trigger:

et and e, |n| <2.5, Et > 15GeV

Single muon trigger:
n| < 2.4, pr > 15GeV

Di-muon trigger:

ptand o, |n] <24, pr > 10GeV
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CMS Collaboration, Phys. Rev. Lett. 119 (2017) 082301.
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Higgs in Heavy-Ion Collision

Hadronic decay Higgs boson.

Question 1: Is b-quark quenched as much as light quarks and
gluons?

QCD calculation: “dead cone” effect.




Higgs in Heavy-Ion Collision

Hadronic decay Higgs boson.

Question 1: Is b-quark quenched as much as light quarks and
gluons?

QCD calculation: “dead cone” effect.
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Higgs in Heavy-Ion Collision

- Hadronic decay Higgs boson.

- Question 1: Is b-quark quenched as much as light quarks and
gluons?

- QCD calculation: “dead cone” effect.

- Experiment (which can be understand theoretically):

25.8 pb ' (5.02 TeV pp) + 404 ub™” (5.02 TeV PbPb)

0.74 - MS H0.04
072 :_ 30-100% 10-30% 0.02
30-100% C
0.7F'¢ i - M [} 0 o
C 0-10% =2
0.68 — Iﬁ -0.02 ®
~, 0.66 — F -0.04 X
X - ~~
> 0.64 » I —0.06 -
0.62 o . | - 3008 b
06 Inclusive dijets b dijets 3 0.1 e}
' e Data « Data F [=]inclusive dijets e
0.58 - . -0.12
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0.56 — -0.14
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(N o)

CMS Collaboration, arXiv:1802.00707[hep-ex].
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Higgs in Heavy-Ion Collision

- Hadronic decay Higgs boson.
- The b-quark jets are quenched as light-quark and gluon jets.

- Question 2: b-jet tagging efficiency?

1 T | [ [ | [ I | | [ I [ | | [ | | | I
Simulation -
09 CMS —@— pp -
08 3 --¥- PbPb, 30-100% A
o Fiv -4 PbPb, 10-30% -
% 0.7 -~ PbPb, 0-10% -
S 06F =
O - ' ]
o 990 E
£ - .
o 04— -
(@) n ]
L 3 E
5 03 : T\
0.2 - A
- ~_A A
0.1F B
O : | | | | | | | | | | | | | | | I | | | |
0 0.2 0.4 0.6 0.8 1

b tagging purity

CMS Collaboration, JHEP 03 (2018) 181.



Higgs in Heavy-Ion Collision

Hadronic decay Higgs boson.
The b-quark jets are quenched as light-quark and gluon jets.

We formulate the transverse momentum loss of jet as (see our
paper for the values of a, b and c):

(opT) = apt + bIn(pt/GeV) + ¢,

15k — JEWEL PbPb, 0-10% 4 "~ PY8 PbPb, 0-30% -
------ JEWEL vac. 5. 02 TeV — PY8+str. 5.02 TeV
[ ——  vac.+str. | === PY8+med.
C ———  vac.+med. Z+jet(q) T —-= PY8+mild Z+jet
[ —-— vac.+mild T @ CMS
/—?.‘ '_‘ 1 :__-i
1.0 / :.A‘ . p_ZI_ -~60GeV T e a s 3 7

1 dNjz
T

. R

\ % piets 30 Gev | :
\ 2 neti <16 | 1 =
\ L Adz=gn | B +

Q%5 o5 10 15 0.0 0.5 1.0 1.5




Higgs in Heavy-Ion Collision

Hadronic decay Higgs boson.

The b-quark jets are quenched as light-quark and gluon jets.

The b-jet tagging efficiency is hurt by a factor of ~ 0.6.

However, we will use the same b-tagging efficiency as pp-collision
and believe that our experimentalist colleges can improve it in the

future.
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Higgs in Heavy-Ion Collision

Smearing effect.

52 N2
T

C' =0.06, S=1.0, N =14.82 — centrality(%)/5.40
pr in GeV

CMS Collaboration, JHEP 03 (2018) 181.



Higgs in Heavy-Ion Collision

Dominant SM backgrounds:
Z+bb;
Z+bc, Z+cc;
Top-pair;

We simulate the signal and background with MadGraph at parton
level and add the smearing and jet quenching effect with the
formulas to understand the cuts.

pr > 15GeV, |nf| < 2.5, ARy > 0.2,
anti-kr jet , R = 0.3, pl > 30GeV, |n°| < 1.6, ARj; > 0.3,
Imee — myz| < 10GeV, ARy, < 2.0, p% = py > 100GeV.




Higgs in Heavy-Ion Collision

We simulate the signal and background with MadGraph at parton
level and add the smearing and jet quenching effect with the
formulas.

Sherpa is used to generate MC events and shower them. The jets
IS reconstructed with Fastjet.

The signal and top- SR Zbb x (0.2)
pair backgrounds - -
led L ——— ZH (vac.) Pb-Pb (0-10%) at v Syy=5.5 TeV.

;(C??\ICI\SILane At 20 —— 4R {que) after basic selections

. ~ |

. . [
b-J_et_ taggl_ng < | e
efficiency is chosen § |
to be 80%. T 107}
0 .
x= D3/}




Higgs in Heavy-Ion Collision

The jet quenching effect introduces a significant transverse
momentum imbalance between the dilepton system and the b-jet
pair system.

We can suppress the Zbb background with more cuts:

p};ading—b ~ 6OG€V, L Zbb x (0.2)
L —— tt -
Tr = p%?/peTe > 0.75. . -=—ZH (vac.) Pb-Pb (0-10%) at v Syy=5.5 TeV.
20+ —— ZH(que.) after basic selections
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x = p2°/p5
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Higgs in Heavy-Ion Collision

After all cuts.
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Higgs in Heavy-Ion Collision

Significance at the LHC and future hadron colliders.

10

Significance

—— LHC, 5.5 TeV S !./
——HELT—TCllTeV// I A '
------- FCC, 39.4 TeV iy oy

10 100
Pb-Pb Luminosity (pb~1)




Summary and Outlook




Summary

We propose to study the production and decays of the Higgs
boson in heavy-ion collision.

It is shown that the screening from QGP on QCD partons serves a

natural probe of the lifetime of the Higgs boson and the behavior of
the Higgs boson in QGP.
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+ The luminosity

Outlook

Unit FCC Injection | FCC Collision

Operation mode Pb Pb-Pb  p-Pb
Beam energy [TeV] 270 4100 50

SNN [TeV] - 394 62.8
No. of bunches per LHC injection - 518 518 518
No. of bunches in the FCC - 2072 2072 2072
No. of particles per bunch [10%] 2.0 2.0 164
Transv. norm. emittance [pem] 1.5 1.5 3.75
Number of IPs in collision - - 1 1
Crossing-angle [prad] - 0
Initial luminosity [1027cm—2s1] - 24.5 2052
Peak luminosity [10%7cm—2s71] - 57.8 9918
Integrated luminosity per fill (b~ 1] - 553 158630
Average luminosity (b~ 1] - 92 20736
Time 1n collision [h] - 3 6
Assumed turnaround time [h] - 1.65 1.65
Integrated luminosity/run [nb~1] - 33 8000

CERN Yellow Reports, Physics at the FCC-hh, a 100 TeV pp collider,
Chapter 4: Heavy Ions at the Future Circular Collider.




The luminosity

e

Outlook

p@LHC Pb@LHC p@FCC Pb@FCC
Extracted beam on an external lig H/Be/W lig H/ Be /W lig H/ Be /W lig. H/ Be/W
target
Extracted flux [s™'] 5-10° 2-10° 1.5-10° 5.8 -10°
L(pb~1s™1h) 2000762/ 31 0.870.02570.013 6000/ 190/93 2.32/70.07270.036
fdtﬁ(pb‘lyr_l) 20000 / 620 /310 | 0.8/0.025/0.013 | 60000/ 1900/930 | 2.32/0.072/70.036
Internal gas target (SMOG ideal gas ideal gas ideal gas ideal gas
type)
L(pb~1s™1) 10 0.001 8.9 3.3.107*
[atl(pb~tyr™1) 100 0.001 89 3.3.107°
Internal gas storage-cell target Hs /Do / Xe Ho / Do / Xe Ho / Do / Xe Hy /Do / Xe
(HERMES type)
L(pb~1s™1) 900/ 1200/ 140 0.12/0.1570.02 800/ 1100/ 120 0.3/0.4/70.05
fdt/.'(pb_lyr_l) 9000 / 12000/ 1400 | 0.12/0.15/70.02 | 8000/ 11000/ 1200 0.3/0.470.05

CERN Yellow Reports, Physics at the FCC-hh, a 100 TeV pp collider,
Chapter 4: Heavy Ions at the Future Circular Collider.




_____

Outlook

+ The luminosity
- More modern analysis methods
- A self-consistent simulation package

-  Other channels
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Outlook

- Higgs quenching?

H boson quenching in the QGP ?

m Gluon-Higgs scatterings: m Quark-Higgs scatterings:
q

6~O(10 nb)

g
q(')

6~0(0.5 nb)

ZW
q

6~0(0.05 nb)
Y

From David d’Enterria
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- Higgs quenching?

Outlook

H boson queRching in the QGP ?

m Gluon-Higgs scatterings: m Quark-Higgs scatterinne

6~0(0.5 nb)

ZW
q

: 6~0(0.05 nb)
e i R g | - e 'Y

From David d’Enterria
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Higgs boson at the LHC.

Outline

The ABC of early universe, heavy-ion collision and quark-gluon
plasma (QGP).

Why do we look for Higgs boson in heavy-ion collision?
Searching Higgs boson in QGP.

Summary and outlook.
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Higgs boson at the LHC
- LHC, the largest high energy collider in the world.
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Higgs boson at the LHC

- The production of the SM-like Higgs boson (cross sections).

| I I I | I I I | I I I | I I I | I I I |g‘g I | T T T T T T T T | T T | T T | T T | T T | T T | I §
_10° = 4y —10°E M(H)= 125 GeV =8
'8_ ~ pp — H (N3LO QCD + NLO EW) Vs= 13TeV:§ -8_ - Mﬁ
= [ B’ = . n(N3LOQCR= N2 g
L - T 10¢ E
T 10 = o+ NLOEW) ]
S [ pp—qgH (NNLOQCD + NLO EW) 1 & t - o -
b B 7] O 1 — PP - N\—O E\N) S
- CD_* in 4FS) -
—__Pp = WH (NNLO QCD + NLO EW) ] - W ]
{ lPP— ZH (NNLO GCD + NLO EW) — - -
= pp — ttH (NLO QCD + NLO EW) : i z . i
e —— 10°'E E
[ Pp— bbH (NNLO QCD in 5FS, NLO QCD in 4FS) a - ]
107 - 1072k =
r | | | | | | | | | | | | | | | | | | | —t |:| | | | | | | | | | | | | | | | | | |:|
120 122 124 126 128 130 6 7 8 9 10 11 12 13 14 15
M, [GeV] Vs [TeV]

From LHC Higgs Cross Section Working Group, https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG
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Higgs boson at the LHC
- The decay of the SM-like Higgs boson (branching ratios).

.9 1__II I 1 | | I 1T 1 1 | I 1T 1 1 | I 1T 1 1 | I 1T 1 1 IIII__ tg
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From LHC Higgs Cross Section Working Group, https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG



https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG

e

Higgs boson at the LHC

The decay of the SM-like Higgs boson (width).
10°

';' §'| T T T T T — 'E§
QD - J
L;102§ ----------------------------------------------------------------------------------------------------------------------------------------- Eg
N Q o E
T E
10'1;— """"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" E
1072 /o =

1 0'3 l | l l l l
80100 200 300 1000
M, [GeV]

From LHC Higgs Cross Section Working Group, https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG a N
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From pp Collision to PbPb Collision

-  The lead-lead collision.

- Impact parameter (perpendicular distance): Centrality.

C _I | I | | | | | | | | I | | | | I | | | | | | | | | | I_
% i ATLAS Preliminary

s 107 Pb+Pb 5.02 TeV. 0.49 nb™' =
= - || 50-80% D oUs 1€V, D.a9n -
g A 30-50% -
Ho10 s 20-30% =
- S~ 10-20% .
N ~ —_ 0-10% _
10‘3; =
107 E
—5 _I Iﬁl | | | | I | | | | | | | | | | | | | | | | | | | | | I_

10 0 1 > 3 4 5

SE. [TeV]

ATLAS Collaboration, ATLAS-CONF-2016-110.




Heavy-lon Collision at the LHC

There is a fundamental particle whose width is smaller than

197MeV!

The decay products will carry the

information of the Higgs boson,

and tell us the properties of the Higgs boson in QGP faithfully.

The QCD and other SM backgrounds of the hadronic decay Higgs
boson will be modified and suppressed by the jet quenching effect.

Verifying these conclusions will give us a double check of the width

of the Higgs boson and an upper

Search for h—bb in heavy-ion col
hadron colliders!

bound of the width.

iIsion at the LHC and future




Higgs in Heavy-Ion Collision

- Smearing effect.
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