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Motivation

(Only 3 SM elem.particles remain unobserved in HI colls: 1, top, H)
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- What are its production cross £ In p-Pb, PbPb 2
sections & visible counts 2 |
after analysis cuts? gwoopp—»H—»yy(?B TeV)
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Higgs boson in a QGP? Al
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Higgs production in A-A collisions

m Production mechanisms are the same as in p-p. Cross sections:

— — — A2 — 4.104
O pppy=AX0o  ,=208Xc . Opp =AXo = 410"X0 |

modulo small (<5%) mods. of the nuclear g,q, PDFs:
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Higgs production in A-A collisions

m Production mechanisms are the same as in p-p. Cross sections:

— — — A2 — A4.104
O pppy=AX0o  ,=208Xc ., Oy =AXo = 410°Xc |

modulo small (<5%) mods. of the nuclear g,q, PDFs.

~H

m Plus extremely-enhanced yy-fusion channel (not discussed today,
see e.g. DAE & Lansberg, PRD81(2010)014004 for LHC):
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NNLO theoretical setup

m MCFM v.8 NNLO event calculator with nuclear PDFs:

— Parton densities:
Proton PDF: CT10 NNLO
Pb nPDF. EPS09 NLO (central + 30 error sets)
Isospin (u,d quark) effects included.

- Scales choices: p_ =, =m,, L=, =m,/2
(scale variations not considered: Cancel inR ).

m Higgs production (ggF: total & differential discovery vy, 41 decays):

‘ 119 ‘ H(— ~v(p3) +v(p4)) ‘ NNLO
116 | H(— Z(— e (ps) + € (pa)) + Z(— 1~ (ps) + " (ps)) | NLO
Plus total o, for nproc=215 (VBF), 91 (assoc. WH), 101 (assoc. ZH)
m Higgs vy, 41 backgrounds:
‘ 285 f ’pl ) + f(p2) — v(ps) + v(ps) NLO+F, NNLO
(— e~ (ps) + e (pa)) + Z(— e (ps) + e"(ps)) | NLO

m All x-sections scaled to state-of-the-art NNLO+NNLL
(as per LHC-HXSWG, K-factors ~20%)

FCC Phys. Workshop, CERN, Jan. 2017 6/19 David d'Enterria (CERN)



Higgs subprocess contributions: LHC - FCC

m MCFM o(ggF+VBF+VH) scaled to NNLO+NNLL pp x-sections
m Production clearly dominated by gg fusion (90%-85%) over 5-63 TeV:
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pp— H+X, NNLO
T
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Higgs nuclear modification factor (p-Ph,Pb-Ph)

m EPSO09 nuclear g,q PDFs modify slightly x-sections wrt. pp PDFs:

» 1.2
% - Higgs boson cross sections
S1.15— MCFM,NNLO (ggF+VBF+VH)
S PDF=CT10, nPDF=EPS09
= 11
QO
51.05
o
& -
T 11—
o _
@ -
So0.95—
< -

oor —— Pb-Pb—> H+X

- p-Pb— H+X
0.85
0-8: | | | | | | | | | | | | |
5 6 8 10 20 30 40 50 100

Vs (TeV)
- LHC: Small antishadowing: R,,~1.07, R ,~1.03

- FCC: Mild shadowing: R,,~ R ,~ 0.97

FCC Phys. Workshop, CERN, Jan. 2017 8/19 David d'Enterria (CERN)



Higgs total x-sections In p-p, p-Pb, Ph-Pb

m MCFM o(ggF+VBF+VH) scaled to NNLO+NNLL pp x-sections

2 0l s Pb-Pb:
© 3? LHC(5.5 TeV) = 550 nb
1078 FCC(39 TeV) =10 ub
102? m p-Pb:
10¢ LHC(8.8 TeV) = 5.5 nb
i FCC(63 TeV) =100 nb
107" m p-p (reference):
ol LHC(5.5 TeV) = 12 pb
1072E . o0.0Pb. .
oo X | LG8 TV =27
1073} T FCC(39 TeV) = 270 pb
) |”' WM | FCC(63TeV) =490 pb
10 3 4567 10 20 30 10(

VSw (TeV)
=> Cross-sections increase by about xX20 from LHC to FCC

FCC Phys. Workshop, CERN, Jan. 2017 9/19 David d'Enterria (CERN)



H- v, 4l (discovery channels) measurement

m Rates pPb,PbPb - H+X at LHC/FCC in discovery H - vy, 4l channels:
LHC: N(PbPb,5.5 TeV,10 nb) = 550 nbXBRXL._ =~ 15 (Vy), 6 (4])
N(pPb,8.8 TeV,1 pb*) = 5.5 nbXBRXL_=~ 15 (), 6 (4])
FCC: N(PbPb,39 TeV,33 nb*) = 10 ubXBRXL_ ~ 900 (yy), 400 (41)
N(pPb,63 TeV, 8 pb*) =100 nbXBRXL_ =~ 2000 (yy), 900 (41)

m Possible to repeat the pp nggs observation in pPb,PbPb at LHC/FCC?

%J : CMS H—w'y | | + Data | = —
B S+B Fit

Cuz 5000 - \'\i - 7TeV, L= - 5.1 fo jMVA) ______ Bk Fit Component ] 8 s R | s i,

) [ Vs=8TeV,L=1961b (CIC) o i 30 7 m,= 126 GeV ﬁzgiext:1g;:21 -
: I +2c ik i ZH*,ZZ s=o leviL=19.
4000 ERR I = _
c c
@ o } -
113000 1 m 20 pp" H- 4l (7,8 TeV) :
o
Q o
52000 -
() - 10F -
= - ) I } }
81000 pp-H-yy (7,8TeV) ] ¥ | ‘
2 C ] il L
¥ 1 1 ‘ | 1 | 1 ‘ | 1 1 1 | | | 1 | | | | 1 | | 1 | ]
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H- v, 4l (discovery channels) measurement

g ¥ o
t
i H t T H 20 e
t —_ = n t —_
g t t v g t b £
£+

m Experimental setup: LHC (FCC): ml.n.| <2.5 (5.0)
m Analysis cuts (typical fiducial cuts in CMS/ATLAS, i=e,u):

YY- P, (v, 7,) > 40,30 GeV; R_ (y) =0.3
Mm@ < 2.5 (LHC), 5.0 (FCC); m_ = 100-140 GeV
A4l p.(.L,1L,1,)>201510,10 GeV;R_ () =0.3

In()| < 2.5 (LHC), 5.0 (FCC); m,, = 100-140 GeV

m Branching ratio, acceptance & efficiency losses:
Y: BR = 0.27%, Acc X Eff ~ 45% (LHC), 60% (FCC)
ZZ*-4l: BR =0.12%, AccxEff ~ 60% (LHC), 70% (FCC)

m Backgrounds: As for p-p (under control in pPb,PbPb: high-p_iso v,1)
Y- QCD continuum (MCFM nproc=285) +30% y-v%,, Y1-1%,
ZZ* - 4l.  ZZ* non-resonant (MCFM nproc=90)
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H - vy observation in p-Pb (LHC, FCC)
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~. 2800
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m -
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- LHC (8.8 TeV, 1 pb?):
Nominal lumi: S/¥B~0.4 (0.6, adding 41)
L =40 pb™*: 3o evidence (HL-LHC?)
4.26 combined with H(41)
- FCC (63 TeV, 8 pb?):
Nominal lumi: S/VB~7.7c observation
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=>B8000— _ 1
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H - v v observation in Pb-Pb (LHC, FCC)

m Pb-Pb@55TeV (L,=10nb?) |\~ (5.5 TeV, 10 nb™?):

> i PbPb — H — vy, 5.5 TeV, L_ —100nb1 . ) .
S %% . Pseudodata Nomin. lumi: S/VB~0.36 (0.5, adding 4!)
2" _ fitted S4B L._=500 nb*: 3c evidence (HL-LHC??)
60 vy background Int
ol 4.2c combined with H(41)
aof ﬂ - FCC (39 TeV, 33 nb?):
' morm. nLo % + + Nominal lumi: S/VB~5.2c observation
20,_ PDF CT10 nPDF EPSOQ

100 105 110 115 120 125 130 135 140
m,, (GeV)

m Pb-Pb @ 5.5 TeV (L, =500 nb?)

m Pb-Pb @ 39 TeV (L_= 33 nb?)

23000, pPb > H vy, 39 TeV,L_=33.0 nb"
- 1 Oog00f " p
2 PbPb — H — yy, 5.5 TeV, L_=500.0 nb’ *2 - + seudodata
$3500 « Pseudodata 22600? — Fitted S+B
e B
S I —— Fitted S+B o400 —— vy background
L - - [
3000 vy background 2200[
B 2000
2500? B
| HL-LHC?? e
2000~ ' e 1600}
. MCFM, NLO 1400:_ MCFM, NLO
1500— F’DF CT10 nPDF EPSOQ PDF: CT10, nPDF=EPS09
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 7|||||||||||||||\III‘III\l\I\I‘I\I\l\I\I

100 105 110 115 120 125 130 135 140 100 105 110 115 120 125 130 135 140
m,, (GeV) m,, (GeV)
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Summary: H-vyvyin pPh,Pb-Pb (LHC,FCC)

m LHC: With default lumis, Higgs boson is unobservable (0.56)

~30 evidence reguires x(35-50) nominal lumis.
(doable for p-Pb, running 10 months with X5 p intensity?)

m FCC: With default lumis, Higgs boson is clearly observable (6—80)

p-Pb @ 63 TeV (Lim: 8 pb?) Pb-Pb @ 39 TeV (Lim: 33 nb?)
?5)6000 < pPb —H - vy, 63 TeV, L =8.0 pb” 23000 bPb - H — vy, 39 TeV, L =33.0 np”
>~ C O]
25500 - Pseudodata 220Ky, . Pseudodata
950005 \ — Fitted S+B 2600} — Fitted S+B
- - —— vy background '-”2400:— —— vy background
4500:— 2200F
40001 2000
35000 1800
- 1600
3000~ MCFM, NLO - MCFM, NLO
- PDF: CT10, nPDF=EPS09 5 14901 PDF: cT10, nPDF=EPS09
2500:I\I‘I\I\llllI|IIII|III\|II\I|II||||||\ :IIII|IIII|IIIll\III‘III\l\I\I‘I\I\l\I\I
100 105 110 115 120 125 130 135 140 100 105 110 115 120 125 130 135 140
m,, (GeV) m,, (GeV)
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H boson quenching in the QGP ?

m OK. So we can observe the H boson in PbPb at FCC. So what...?
m SM boson (I' ;=4 MeV) has a lifetime ©=1/I",~ 50 fm > t___ ~ 20 fm

QGP
Once produced it will traverse the QGP and decay outside the medium

- s - b
o F 0 b
< o
- N e }
Gl . >

m The SM Higgs couples to QGP gluons (through dominant top loop)
and quarks (as per their Yukawas). What's the effect of the QGP
on the scalar boson ?
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H boson quenching in the QGP ?

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

c~O(10 nb)

b 9
(a~) (g) q"

c~0O(0.5 nb)

ZW

)

6~0(0.05 nb)

ﬁy

(Other diagrams negligible)
m LO x-sections obtained with WHIZARD/CalcHEP/MGS5 for Eg,H~1—1O GeV

m Full (including K-factors) Higgs “absorption” x-section: 6~O(10 pb)
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H boson quenching in the QGP ?

m Results of a Glauber model (including QGP longitudinal expansion)
for a Higgs “absorption” x-section of ¢ = 10 ub:

— Average Higgs suppression factor in PbPb(39 TeV): ~25%
— Higgs survival probability as a function of PbPb centrality:

f- 1=
£ | PbPb,39Tev
nuclear modification factor at b : g T Hi b 110 ub
c o(Higgs absorp.)~10 u
— n(b‘!xy)*sn(bxﬂy)dXCIy 2 0.8/~
R(b) _f n(b) g i
survival probability : §0.6;
x n i
S,= exp (—Jm.gp(b, z,y)In ’ﬁf’—m@”) % i
2 0.4/
binary collisions o< QGP opacity: T -
n(b,z,y) = oTi(e +b/2,y)Ti(@ = b/2.y) |
i PRELIMINARY
[DdE,C.Loizides, in preparation] ol e
0 2 4 6 8 10 12 14 16
b (fm)
[Central PbPb] [Periph. PbPDb]
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Conclusion

m Is the H boson observable in HI colls.? What do we learn from it?

m MCFM study: NNLO, CT10 PDF, EPS09 nPDF (30 error sets)
m LHC: With default lumis, Higgs boson is unobservable (~0.50)

~30 evidence requires x(35-50) nominal lumis.
m FCC: With default lumis, Higgs boson is clearly observable (6—80)

p-Pb @ 63 TeV (L _= 8 pb) Pb-Pb @ 39 TeV (L_= 33 nb)
%6000 4 pPb—H—yy,63TeV, L =8.0pb’ Esooo— pPb — H — vy, 39 TeV, L _=33.0 nb”
$5500F « Pseudodata 32800 ++ .+ Pseudodata
= - 4 - < - .
1% B — Fitted S+B 926007 — Fitted S+B
115000~ T -
- —— vy background 2400 —— vy background
45001 2200}
4000F 2000}
3500 1800F-
- 1600
3000 MCFM, NLO - MCFM, NLO
- PDF: CT10, nPDF=EPS09 .| 14001 pDF: cT10, nPDF=EPSO9
2500:|\|‘|\|\||||||||||||||\|||\||||||||||\ T T T O A
100 105 110 115 120 125 130 135 140 100 105 110 115 120 125 130 135 140
m,, (GeV) m,, (GeV)
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Conclusion

m Is the H boson observable in HI colls.? What do we learn from it?

m MCFM study: NNLO, CT10 PDF, EPS09 nPDF (30 error sets)
m LHC: With default lumis, Higgs boson is unobservable (~0.50)

~30 evidence requires x(35-50) nominal lumis.
m FCC: With default lumis, Higgs boson is clearly observable (6—80)
p-Pb @ 63 TeV (L_= 8 pb?) Pb-Pb @ 39 TeV (L_= 33 nb")

Int

> 0000 : j '
86000_+ pPb — H — vy, 63 TeV, L =8.0 pb’ H yields ~25% quenched in QGP?

$B5500F « Pseudodata -
c u 4 = 1
o r — Fitted S+B = [ FPbPb39TeV
5000+ 2 .
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: vy background -§ 0.8
45001 o
- S os
4000 e
= =}
3500 o 04
- _3 - PRELIMINARY
3000F- MCFM, NLO T 02
2500:_ PDF' CT1|0, |'-]PD|F=EP|SO9 | | | + olclentral;l [ \ [ | L1 \ L1 \[\Igle\r\llp\h\.]\
100 105 110 115 120 125 130 135 140 0 2 4 6 g8 10 12 14b("1nf;
m,., (GeV)
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Back-up slides
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