QCD for Higgs physics at FCC-ee
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Higgs boson at the FCC-ee (I)

m Central goal of FCC-ee: Model-independent measurements of Higgs
couplings & width with <1% precision via measurements at 2 c.m. energies:
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®m [mprovement factor up to x10 compared to HL-LHC.
m Sensitivity to scalar -coupled BSM physics (SMEFT):
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Precisely probing the Higgs boson properties

m Mass scales O(0.4-5.5 TeV) probed in a wide range of BSM models

Size of Higgs
Coupling deviations?

Dawson etal, 2203.07510

Tree level origin
2

SM Neutral
e.g. scalar singlet @.g. scalar singlet

~ ‘liia i ~ A—i?ﬂ ﬂ
aAf2 J Af2 4872 | M?

M < 1.7TeV M <0.8TeV M <0.1TeV M < 0.9TeV
M < 5.5TeV M <14TeV M <0.4TeV M < 28TeV

Conservative Scaling for Upper Limit on Mass Scale Probed by Higgs Predision

SM Charged
w/ SM loop

e.g. stops in SUSY

1m?
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4m§

SM Neutral

FCC Week, SF, June'24 3/24 David d'Enterria (CERN)



Higgs boson at the FCC-ee (ll)

m Do the lightest fermions (u,d,s,e) acquire their masses through their
Higgs (Yukawa) couplings?
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QCD at the core of Higgs physics programme

m 80% of the Higgs decays are fully hadronic!

B=57.7% B=11% B=8.6% B=2.9%
b 1 g c
W.Z
H H q' H H
e _—— - e o
q
) W.Z
b 7' g ¢
B=0.024% B=6-107 B=1.4-10"
8 d U
H H H
- — - —_— - — - — -
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QCD at the core of Higgs physics programme

m 80% of the Higgs decays are fully hadronic. Most of them unseen to date!

B=57.7% B=11% B=8.6% B=2.9%
b 1 g c
W,Z
H H q' H H
—_— - B - e -—— i —
) W,Z
b 7 g ¢

Only hadronic decay
channel observed so far!

B=0.024% B=6-107 B=1.4-10"
8 d U
H H H
- — - —_— - — - — -

FCC Week, SF, June'24 6/24 David d'Enterria (CERN)



QCD at the core of Higgs physics programme

B=57.7% B=11%

b q

W.Z
H H 7 H
Y. —— g = S ——

q
W.Z

b 7'

N(H)~1.e6 @FCC-ee N(H)~2.e5 @FCC-ee

B=0.024% B=6-10"
S d
H H
_—— e — —_ — ———

=¥

N(H)~400 @FCC-ee N(H)~1 @FCC-ee
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B=8.6%

m 80% of the Higgs decays are fully hadronic. Mostly measurable at FCC-ee!

B=2.9%
g C
H
-—— -
g c

N(H)~1.5e5 @FCC-ee N(H)~5.e4 @FCC-ee

B=1.4-10"

N(H)~0.3 @FCC-ee
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Higgs boson at the FCC-ee (I)

m Central goal of FCC-ee: Model-independent measurements of Higgs
couplings & width with <1% precision via measurements at 2 c.m. energies:

5 [ 72ab! @240GeV T Higgs coupling sensitivity
é 250 :— 1.5x10° HZ evts ——— W2 —: Coupling HL-LHC FCC-ee
5 45k W\:N—>H evts S . 4 IPs
é 200 |— : — kw %] 1.5* 0.33
L = ] Kz %] 1.3* 0.14
- . k(% QCD  2* 0.77
iy = firy (%] 1.6 1.2
- : . Kz~ %] - 10* 10
100 — - ke (%] D — 1.1
- . 2.7ab-1@ 365 GeV ke [% QCD  3.2* a1
I 330k HZ evts ks [%] QCD 2.5 0.56
50 — " 80k WW—H evts kp %) 4.4% 3.7
C ] Ky [%)] 1.6* 0.55
0l = v e S A DR BTEY FEWE A P PR BRiny (<%, 95% CL) 1.9* 0.15
200 220 240 260 280 300 320 340 360 380 400 BRunt ( <%’ 95% CL) 4* 0.88

{s (GeV)

®m [mprovement factor up to x10 compared to HL-LHC.
m Sensitivity to scalar-coupled BSM physics (SMEFT):
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Higgs — gg decay and BSM

® H- gg partial width known today theoretically at N*LO (approx) accuracy
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B Percent deviations on Higgs-gluon coupling in BSM models:
Table 5: Deviations from the Standard Model predictions for the Higgs boson couplings in %

Model

bb

cc g9 WW rr ZZ vy L
1 MSSM [40] +48 08 -0.8 02 +04 05 +0.1 +0.3
2 Type Il 2HD [42] +101 -02 -02 00 +98 00 +0.1 498
3 Type X 2HD [42] 02 02 02 00 +78 00 00 +7.8
4 TypeY 2HD [42] +101 02 -02 00 -02 00 01 -02
5 Composite Higgs [44] -64 64 64 -21 -64 -21 -21 -64
6 Little Higgs w. T-parity [45] 0.0 00 61 -25 00 -25 -1.5 0.0
7 Little Higgs w. T-parity [46] -78 -46 -35 -15 -78 -15 -1.0 -7.8
8 Higgs-Radion [47] -15 -15 +10. -15 -15 -1.5 -1.0 -L5
9 Higgs Singlet [48] 35 35 35 35 35 -35 -35 -35

FCC Week, SF, June'24
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[T. Barklow et al.
arXiv:1708.08912]
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Higgs decays widths & QCD coupling

m H- gg partial width known today theoretically at N*LO (approx) accuracy

g g g
g
H-== 8 Hi=m=me g H-----
g
g 8 8
8 g g
g
H----- q H----- q Hrrmns
q
q q q

Uncertainties: O(3%) TH + O(4%) parametric from os(mz)=0.118+1% (today):

Partial width intr. QCD  intr. electroweak total para. my para. o
H — bb ~ 0.2% < 0.3% <04% | 1.4% 0.4%
H — cc ~ 0.2% < 0.3% < 0.4% 4.0% 0.4%
H — gg ~ 3% ~ 1% ~32% | <02% 3.7%

B FCC-ee will need a much more precise as(mz) to constrain kg at +£0.7% (exp)

FCC Week, SF, June'24 10/24 David d'Enterria (CERN)



QCD coupling at FCC-ee (Tera-2)

m EW boson pseudoobservables known at N3LO in pQCD:

e The W and 7 hadronic widths :

4 )
0@~ 133 (1 3 @) (222) 4 0o+ s+ i 0
i=1

e The ratio of W, Z hadronic-to-leptonic widths :

o Eg; RWZ(HZ (@ ( S(Q’)wmz)wmxw@)

Rw,z(Q) = Note: Sensitivity to os(mz)

from O(4%) virtual corrs.

¢ In the Z boson case, the hadronic cross section at the resonance peak in ete™:

Jhad _ 127 gy
Z my (]_—\‘t.ot)2

[DdE, Jacobsen: arXiv:2005.04545]

B FCC-ee will reach 0.1% precision on as(mz) (x20 better than LEP results):

— Huge Z pole stats. (x10° LEP): =S

.. . .. 4-

— Exquisite syst./parametric precision: W

AR, = 1073, Rz = 20.7500+0.0010 3

ATPY =0.1 MeV, Tt = 24952 + 0.1 MeV 2.5
Aok = 4.0 pb, cr%ﬂd = 41494+4pb 2 s

Amz = 0.1 MeV, my = 91.18760 + 0.00001 GeV
Aa = 3-1075, Ao\ (mz) = 0.0275300 + 0.0000009

— TH uncertainty to be reduced by x4 Oqf

116 0.118 0.12 0.122  0.124
from missing o.°, o, ao %0000 terms os(M,)
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QCD coupling at FCC-ee (Oku-W)

m EW boson pseudoobservables known at N3LO in pQCD:

e The W and 7 hadronic widths :

4 i
r%(Q) = Ty s (1 +) a(Q) (%Q}) + O(a) + 84y + Omix + anp)
i=1

e The ratio of W, Z hadronic-to-leptonic widths :

Ravr(Q) = g Eg; REY, (1+§j (@ (249) +@(a%)+amix+anp)

Note: Sensitivity to os(mz)
from O(4%) virtual corrs.

[DdE, Jacobsen: arXiv:2005.04545]

B FCC-ee will reach 0.2% precision on as(mw) (<300 better than LEP results):

— Huge W pole stats. (x10* LEP-2). ”:4-?;__ Combined |
— Exquisite syst./parametric precision: e Ly Ry, it
F%ﬁrt _ 2088_0 :|: 12 MeV 3;_ — R, I, FCC-ee (160 GeV)
250 - World average [PDG 2019]
Rw = 2.08000 + 0.00008 I’

mw = 80.3800=£0.0005 GeV

|IVes| = 0.97359+0.00010 — O(10%) D mesons

— TH uncertainty to be reduced by x10 q T I
. 5 o 4 5 ) 0116 0.117 0.118 0.119 012 0.121 0.122
from missing o.°, 0%, o, o 002,00 terms og(m,)
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Higgs decays widths & QCD coupling

g

g

m H- gg partial width known today theoretically at N*LO (approx) accuracy

H----- g H----- g  H-----
g
g g g
g g g
g

[ q | — a H-----
q
q q q

B FCC-ee will reduce as(mz) uncertainties to required kg +£0.7% exp. precision

decay projected intr. | para. mq para. s prec. on gir XX
H — bb ~ 0.2% 0.6% < 0.1% ~ 0.8%
H — ce ~ 0.2% ~ 1% < 0.1% ~ 1.4%
H — gg ~ 1% 0.5% (0.3%) | ~ 1.6%

TH work needed to reduce intrinsic uncertainties: Today O(3%) - O(<1%)

FCC Week, SF, June'24
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Higgs boson at the FCC-ee (ll)

m Do the lightest fermions (u,d,s,e) acquire their masses through their
Higgs (Yukawa) couplings?

EP [ ATLAS and s

(< >
@) 2 E LHC Run 1 Preliminary P
C = B "VV ]
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C Ed b
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0 E
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Electron Yukawa via s-channel ete — H

B Resonant s-channel Higgs production at FCC-ee (Vs = 125.000 GeV):

° : — Energy spread: [Jadach &Kycia
. Unique possibility to probe e-H O5F - o-4t Mov PLB755(2016)58]
——————— (decay B=5-10"°is hopeless...) & o4~ 22350
’t;; N ---- 6=100 MeV
—= 03
e~ 5
- D 02_ /’,
4772, Br(H — ete™ ° =
ot e )= TaBril mete’) _y gqq, b T N
(s — M%) +T2% M% Wowr T TR
) _ _ _ 0:‘-’7 I S O S AR IR
o(e*e —>H)spread =280 ab ISR + \/Sspread (_I‘H =42 |\/|eV) 12499 124.995 5 EESeV) 125.005 125.01

B Very-rare counting experiment over 10 decay channels. S/B ~ 103-107" !

6+ WJZ!PY b g T+
@ W Z; 915 b, g, T

BACKGROUNDS (s-channel Z*/y*, all t-channels)

e Ws Zs Y
6+ W: Za Q: 6: 57 T+
",y
€ ,Vle
e W, Za@v c, ba T
8+ W? Z: 7

m MVA with O(50) variables for kinematical properties of each single, pair,
(n-wise combinations) of physics objects, global event vars., MELA vars.,...

FCC Week, SF, June'24
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Most significant channel: e*e: — H(gg) — |j

B No e*e background can generate 2 true gluon jets !

[DdE,Poldaru/Wojcik

® Analysis performances assumed: arXiv:2107.02686]
2 gluon-tagged jets (with 70% effic. each) & "[ " TT T E
u,d,s mistagging rate: ~1% Zg : |
Challenging, but not impossible (see next) = al E
Retains 50% of o(H - gg) = 24 ab signal { .
BDT MVA result (removing jet vars. 1 E

potentially already used in g-uds s oa o5 e o1 o o1 02 o3

BDT response

discrimination): .
Signal reduction ~50% %
Backgd. reduction: x17 g

Z

For £ =10 ab™: i

S/VB =55/v2500 ~ 1.1 ‘3‘

Significance ~ 1.1c (1.3c, other decays) ,

With current best monochromatization:

y,<25xy_g, (95% CL) peryear &perIP 1 2 567 10 20 30 5190, 300
’ a
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https://arxiv.org/abs/2107.02686

Gluon jet tagging at FCC-ee

m Current state-of-the-art GNN ParticleNet (+IDEA): €4~70%, €q-mistag~0.07-0.1

> 1 FCC-ee Simuiation (IDEA) FCC-ee simulation (IDEA)
BT 1 L. | T D TN | G R
— - ee—rZH P ' w0 Vs ( (Pythia8)
% ¥ ” _ g tagging =g v5 s (Pythia8)
Q i J'UdSCbg i w0 v5 ¢ (Pythia8)
o i - ' PRI (7-10%)
o (|mprovement = g vs b (Pythia8) e
5 10° 3 ) neededl) W TN = & P g vs q (WZ-Pythia6)
‘» - i J ] == gvss(WZ-Pythiab)
E E . >
:a_-s‘ | 2 e wma
) E A ———— TSN Lo RS T ot/ S
107 ¢ —g Vs ud 3
" —gVss ]
i — V g RJu/Gouskos: arXiv:1902.08570
- 6@(, Sl “ Bedeschi/Gouskos/Selvaggi,
N S i ey ™ ==gvsh || arXiv:2202.03285
107, 0.2 0.4 0.6 0.8 100 02 04 06 08 1.0
jet tagging eﬂ'ICIGHCV jet tagging efficiency
trained on Pythia 8 [solid lines] tested on Pythia 8 [solid lines]

tested on WZ-Pythia6 [dashed lines]
B To approach the e-Yukawa, we need: €,~70%, €q.mistag~0.01 (factor x10
Improvement). However...
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But gluon jets are badly known today

m MC LL parton showers differ vastly on gluon jet substructure properties:

p Quark, hadron-level Gluon hadml'l Ievel . . ) . S.eplaratwfl, l:ludlron l?ve.l . _
rveas— || Gluon rad & frag. s = phasas ——
5+ Sherpa 221 ----- 1+ p()orly known Sherpa221 ----- . Sherpa221 ====-
Vincia 2.001 ——— Vincia 2.001 ==~ Vincia 2.001 ===
Deductor 1.0.2 === Deductor 1.0.2 === L5F H i Deductor 102 ===
4t Ariadne 508 e | L Ariadne sop e | H Ariadne 50 e
Dire 1.0.0 weeess Dire 1.0.0 === 34 Dire 1.0.0 s
= Analytic NLL e Analytic NLL e g-g Analytic NLL =
lT 3r Q=200GeV | [ Q=200GeV | = 1 Q=200GeV |
& R=06 R=06 3 R=06
2 +a- A ete—H—ag » - u-quark vs gluon
e'e—Z—uu 99 05 - i »i«;;dlscrlmlnatlon -
1 : A, ., power
ot 1 ‘ , 0 . A .
0 02 04 0.6 0.8 10 02 0.4 0.6 0.8 1 0 02 04 06 08 1
M5 [LHA] M= [LHA] M s [LHA]
simulation / truth
16 . . . [G.Soyez et al ]
Unphysical differences in Z~qa H = g9
H p y . 1.5 Difference in the azimuthal T
.. -
the radiation pattern of Z 1.4 anglebetween the two ]
- hardest emissions
g&gjetsinlLL PS: g 13 1
& 12 .
=
. . SE 1.1 -
m NNLL PS + high-quality e
5
+ - . . I~ 0.3 < ktzikﬂ{ 05
e*e gluon jet data/tuning 0.9l 2006 < 1k 10 <-05 ]
0.8 | | s | [S.Ferrario-Ravasio
badly needed. . W w2 s oatal]
F. Dreyer within PanScales  |8y|
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FCC-ee for high-precision gluon jet studies

m Exploit FCC-ee H(gg) as a "pure gluon” factory: 00000000
H - gg provides (O(150.000) extra-clean S | £
digluon events. .

m Compare to Z - qqg(g): Multiple handles to study g rad./jet propertiés:

*» Gluon vs. quark via H - gg vs. Z-qq ’ [ p '_)  zwnngg |
(Profit from excellent g,b separation) > i 88 s
. — + e1rwi =
» Gluonvs. quark via Z ~bbg vs. Z~qq(g) . + rene?
. . - = 250 ty with mMDT |
(g in one hemisphere recoiling 3 P
. . ; Z, 2 + _
against 2-b-jets in the other). z . N L
= 15 . ++++ 7
» Vary E_ range via ISR: e*e’ - Z*,y* - j(y) e M i
» Vary jet radius: small-R down to calo resol 05~ Ry .
0 = | | | ‘-‘:-t_k
] ] o 0 0.2 0.4 0.6 0.8 1
m Multiple high-precision analyses at hand M2

— Jet tagging: ML training on pure samples: Improve g/g/Q discrimination

— pQCD: Improve/retune NNLL parton showers, Lund Plane, jet substructure...

— non-pQCD: Improved gluon hadronization: Leading n's ? Baryon junctions ?
Octet neutralization? Colour reconnection? Glueballs ?
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Higgs boson at the FCC-ee (ll)

m Do the lightest fermions (u,d,s,e) acquire their masses through their
Higgs (Yukawa) couplings?

= P amasanacws L
o £ F LHCRun 1 Preliminar ol
= i y P
'c_—l 5 10—1;,—Obser.ved ‘,-"'W ,;
5 g E SM Higgs boson ',/ E
3 < ook < 3
S ’.r"r:‘f)
10_3;_ M‘G =
U,d ¢?T
m_4;,”| Lol Lol Lol ,_g
. 10 1 10 10°
ei'," Particle mass [GeV] ) H
2-10°® @
g o\ 5107 mass(GeV) ¢ g
VbBIRac c bd s
m Does the Higgs boson mediate __#H H
i B(SM)~102 = = = - B(SM)~107-1
FCNCs at tree level? H- qq’
0} sbd
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Strange-guark jet tagging at FCC-ee

m FCC-ee will produce O(400) H - ssbar decays. Can we measure ys?
m ParticleNet jet tagger exploiting hadron PID (via dE/dx, ToF, RICH):

[2003.09517] Momentum weighted fraction: [L.Gouskos,M.Selvaggi etal.] oo o0 Simulation (IDEA)
§‘15"""F"'!"'!
le(ﬁ nglg 'Q i .l U, d! sr C, b: g
Leptons 9 0 : E :
o S Q = Leremeneme Snnmaar i narannsan e P e gl i v e
o 10 E —svsg :
Strange pr = 45 GeV Down pr = 45 GeV -g » _SV;S ud
- [ =—svVsC
(] i i 3
. . . . - ——=svsb
Tagger exploits directly full list of jet 1072 SRS 0 G .
constituents (ReconstructedParticles): - .
[O(50) properties/patrticle] L ]
X [~50-100 particles/jet] ool HW, o 1 0o . T, s
0 0.2 0.4 0.6 0 8 1

~ O(1000) inputs/jet jet tagging efficiency
m Analysis e‘e' - HZ, H - qqg with N=2] exclusive jet algorithm:
Backgds: WW/ZZ/Z, qqH, HWW, HZZ [Details in L.Gouskos talk]
Combined jj (Hbb, Hcc, Hss, Hbb) fit yields: H — ss with O(80%) uncertainty
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https://indico.cern.ch/event/1298458/contributions/5977767/

Separating H- ss and H- gg

m Does the H- gg(ss) Dalitz decay jeopardize the H- ss measurement?

Dalitz decay (a’y?) Yukawa decay (y?) L L L LY
§ s QT ad H - s3g ’ For m;>100 GeV:
5 { Dalitz ssg decays
H - H 1 are no bottleneck
BR S . to the ys extraction
H-gg 8.1 x 102 0] _ h h
Hoss  ~2x 104 | (high mass resum.
Ratio is ~ 400 ]0.2 - I Yuke:wa+inte|rferenceI | | needed)
’ o0 v oo [M.Spira; G. Salam]
= Need also NNLL parton showers o
(matched to NNLO) . ] ] . _

. H— qq TN _ 88
and accurate/precise i em—————te3 1 sEEE———————tms |
S’ g (Strlng’ CIUSter) Other gluon fragmentation sources:
hadronization: 3 B Factories? LHe?

High-precision hadron 7 = bbg

(98]

data (FCC-ee, B-factories?) ° ’

8
8 PP
needed to reliably / bbg 8
8

“Hairpin”

distinguish leading s, u,d,g 7 Configuration
fragmentation hadrons

Another clean s source? W — ¢5§

FCC Week, SF, June'24 22/24
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Y — yeg Diffraction?

i ———————— B
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Flavor-violating Higgs decays at FCC-ee

c bd s
m Are there flavour-violating o @
Higgs decays H-qq’ ? - — > @& B(SM)~10% — — - —-@ B(SM)~1071!
P s S IR sbd
5 2, Hof ot z R e [Kamenik et al. arXiv:2306.17520]
_g j=udscbg _8 j=u,q,s,c,b.g
ey g W= NG | - Projected sensitivities:
2 - 2 f —eww  Yog 5
§ g [ ==cvb e,.: 1 ybs,bd,cu - 3'10-4, ysd - 8104
02 otk | | / |
: ET / ; well beyond current
o - | f indirect constraints
o 05 08 ¥ TR (Bs and D meson oscillations)
jet tagging efficiency jet tagging efficiency
Up -taggi o
o BPT— DN kit — Expected reach strongly
e Y b s depend on the performance
p o I — of jet flavor taggers:
'E — s b (7_classes) ﬁ — s'b (7_classes)
£ Tunable (tag&probe) with ultra-
: : pure Z - qqg, W - qq’ samples
707 10
/ Qu/Gouskos: arXiv:1902.08570
1075 02 0406 08 10 50 02 04 06 08 10 Bedeschi/Gouskos/Selvaggi,
jet tagging efficiency Ll arXiv:2202.03285
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Summary: QCD for Higgs physics at FCC-ee

¥ Precision needed to fully exploit the (B)SM Higgs programme at FCC-ee
(B=(H - had)=80%) requires exquisite control of pQCD & non-pQCD physics

¥ 4 key examples presented: = “

4F——- 3 —— 2c

3.5

(1) Studying Higgs-gluon coupling within

2.5-

+0.7% (exp) requires os(mz) within +0.1%:
Reachable via hadronic Z,W decays (TeraZ,0OkuW)

(2) Constraining e-Yukawa via
ee - H-gg requires 1% light-g
vs. gluon mistagging:

Detailed study of ee - H(gg)Z,
ee - Z - qq(g) required.

(3) Observing strange-Yukawa requires

requires |mproveq q,g parton —— o ~-: H - qq P
shower & hadronization: etz g )

require state-of-the-art Q,q jet taggers

FCC Week, SF, June'24 24/24 sbd David d'Enterria (CERN)

bds JPLELR . H— gg JPLAEN .
(4) Best H- qq’ searches available, but B < L S EE—————ts |
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Indirect BSM searches (Higgs coupled) at FCC

B [ndirect scalar-coupled new physics EFT limits pushed up to O(6 TeV)
thanks to precision H partial widths down to the permil level:
[Higgs@FC "19]

—
102} | [EEEu W HL-HEWHG [ HLsLher HL+ILCzsg HL+CLIC 30 HL+FCCoczan :\- 0

: HLsILCoo M HL#GLIC 1500 B HL+FCCess EE)1 i '
| S e SMEFT, fit B HLsilCio B HLCLCk B HL+FCCuwenn |5 [Ellis,You '15]
e [Ellis et al "17]
[de Blas et al "16]

..... —10°2 ,
s [GD et al '17]

o [Barklow et al '17]
E [Barklow et al '17]
=10 € o .
e B E [Di Vita et al '17)
[Chiu et al "17]
[de Blas et al "19]

—10-4

off [+ xx
[+ A A I R H— XX

Improvement wrt. HL-LHC 3 —

Alog gl il |
gz G Ghyy Ohzy Ghgg Gt Ghcc GOfbe Ohi
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Light quarks Yukawas (FCC-pp, FCC-ee)

B Constraints on light Yukawa obtained from the upper limits on BR to all
untagged particles, using global fits in k framework

] n
Higgs@FC WG
= B FOC-ee+FCC-ch+FCC-hh
" FOC-g2240
I CEPC | e Lo pm
¢ 1 I CLIC 300 +CLIC 500+ C LI 360
Precision | Upgeer bound al 95 % CI LCsu+1LCasp+ILCsn
I Bl LHeC |w| <1
B HE-LHC || < |
HL-LHC |y | < 1

K, Limits from exclusive
S — H - VM(p,od)+y

decays (BR~10%)

to be studied/added

0 15 26 I% 4% - o0 10! 10° 0’ 10 10°

m FCC-eet+eh+hh:
- first generation: 95% CL limits k, < 280, x, < 130

- second generation: 95% CL limit x_< 6.4, x_ measured with precision of <1%
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Non-pQCD example: Colour reconnection

m Colour reconnection among partons is source of uncertainty in m,, , M.,
aGC extractions in multijet final-states. Especially in pp (MPI cross-talk).
m CR “string drag” effect impacts all FCC-ee multi-jet

final-states: ete -~ WW(4j), H(2j,4)), ttbar, ...
— Shifted masses & angular correlations (CP studies).

— Combined LEP e*e - WW(4j) data best described
with 49% CR, 2.2c0 away from no-CR.

I'vv > Aqcp
m Exploit huge W stats (X10* LEP) to measure @
m,, leptonically & hadronically and constrain CR: .
wol =
“Recent” PYTHIA option: QCD-inspired CR (QCDCR) (1505.01681): (Né)
Ordinary string reconnection Double junction reconnection ® kinematics
s ‘ ‘ — :.? _f:
(gq: 1/9, ég: 1/8, model: 1/9) (qq: 1/3, gg: 10/64, lmodel: 2/9) . . . .
’ ‘ ‘—@—' Triple-junction also in
—C e > HERWIG cluster
Triplejunction reconnection Zipping reconnection @ model. (1710.10006)
> < ”\’/:U\l 4 I g
(qq 1/27, gg: 5/256 model 2/81) | .[Depends onunumber of gluons)
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