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OUTLINE

e Current status of H/Z flavor-violating decays
® Analysis framework
® Results

® Conclusions



CURRENT S5TATUS

Decay SM prediction exp. bound indir. constr.
(h — bs (8.94+1.5)-107° 0.16 A 2 x 1077 K
h — bd (3.840.6) - 10~° 0.16 A 1073 X
h — cu (2.7 4+0.5) - 10720 0.16 A 2 x 1072 %
7 — bs 4.2+0.7)-1078 2.9 x 1073 6 x 1078
Z — bd (1.8 40.3) - 107* 2.9 x 1073 6 x 1078
(Z = cu) (1.44+0.2)-10718 2.9 x 1073 4% 1077

B(h — bs) = B(h — bs + bs)

A h — undet (ATLAS + CMS, 2207.00043)

Z — had (hep-ex/0012018)

% Meson mixing (no large cancellations)

Global fits (flavio, smelli)



CURRENT S5TATUS

Global fits
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CURRENT S5TATUS

Global fits
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Can the FCC-ee do better?
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Analysis framework



Analysis framework

¢ Maximum likelihood estimate (MLE) for the FV branching ratios for H and Z

® The likelihood is going to be a function of the FV branching ratio (POI) and nuisance parameters:
® Branching ratios of the background processes (flavor-conserving decays with mis-tagged jets)
e Jet tagging efficiencies 65

e Detector acceptance &, number of produced Z's or Higgses N,

No Monte Carlo generated data needed in this case (has been done: see the ZHvvjj fit, results compatible!)
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https://indico.cern.ch/event/1304164/contributions/5513419/attachments/2689281/4666483/ZHvvjj_24072023.pdf

Analysis framework

Nominal value

Rel. uncert. (in %)

1) Controlled / clean background Darameters
B(Z — uu + dd)
B(Z — ss)
\/E = Ny B(Z — cc)
1905.03764 B(Z — bb)
FCC Conceptual Design Reports N Z
G. Marchiori’s talk at “Higgs Performance meeting” A

(indico.cern.ch /event/1221257)

27.01%
15.84%
12.03%
15.12%
5 x 1012
0.994

Nominal Value

Rel. uncert. (%)

Parameters
B(h — gg)
Vs =240GeV B(h — ss)
Z(nunu)H(jj) @ FCC-ee B (h — CC)
See yesterda;f's talk by Alexis & (h — bb)
, N,
Other backgrounds (tt for Z, DY, WW, ZZ for A

1.4%
0.024%
2.9%
56%
6.7 x 10°
0.70

1.2
160
2.8
0.4
0.9
0.1

h) can be neglected

G. Marchiori’s talk at “FCC Physics
Workshop” (indico.cern.ch/event/1176398/) 8


https://indico.cern.ch/event/1176398/contributions/5208222/attachments/2582981/4456976/2023_01_27%20-%20Higgs%20hadronic%20branching%20ratios%20with%20ZH%20at%20FCCee.pdf
http://indico.cern.ch/event/1221257)
http://indico.cern.ch/event/1176398/)
https://indico.cern.ch/event/1439509/contributions/6286663/attachments/2995403/5277192/FCC_8th_physics_week_mlzv2.pdf

ParticleNet: 1902.08570

Jet-Flavor tagging at FCC-ee: 2210.10322

AnaIYSiS f I' ameWOr k Bedeschi, Gouskos, Selvaggi, 2202.03285

. . . 1 - : | : : ] | : : : | : ]FC?-ee fSimL{Iatio]n (IDTEA)
2) Advancements in jet flavor tagging g Sy i
r B ee_";'?H’H_’”é b tagging
Providing tagging & mistag efficiencies €, e B s d by 5 |
ol
. e . 107
The g-tagger rates for Higgs: ~ '8 -
q _ =~ E T
€3 = 19,8, ¢, b} £
2 i
2 .
The g-tagger rates for Z: 10 : g
e% = {ud, s, c, b} ] é : ‘ ' -
a3 a=l . & 1
L T By e e e
Applying 2 taggers, we have 8 tagger efficiencies for h/Z jet tagging efficiency

Assuming 1% systematics TPR



Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model

H POIS( (np.ns) _(nb,ns)(MaV)> p(v)

nb nS

Tag bins
(np,ns) = 1(0,0), (0, 1), (1,0),(2,0), (0,2), (1,1)
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Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model
H POIS( n ns) (nb,ns)(/“L?V)) p(V)
nb ns
Expected number of events in bin (1, n,) - sum over each decay channel
N(nb,ns) — Z p(nbans|f7 V)Nf(u) Nf :B(Z/h_)f)NZ/hA
f=Dbkg.,bs

Nbs — [LB(Z/h — bS)SM NZ/hA
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Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model
H POIS( n ns) (nb,ns)(/“L?V)) p(y)
nb ns
Expected number of events in bin (1, n,) - sum over each decay channel
N(nb,ns) — Z p(nbans|f7 V)Nf(y) *]\_]f:‘B(Z/h_>f)]\f2/h~/4
f=Dbkg.,bs

Nbs — ,lLB(Z/h — bS)SM NZ/hA

Given the final-state config f, the probability our event is found in bin (n,, )
12



Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model

H POIS( (np.ns) _(nb,ns)(MaV)> p(v)

nb nS

Asimov dataset
u = 0 (upper limits)

Vi = V; 0

13



Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model

Insert now the tagging efficiencies and other nuisance parameters and derive bounds on the branching ratios!
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The assessment of the FCC-ee potential - Higgs

95% Upper limits on B(h — bs

o 0 x 1073
1% Syst
............. Stat. Only -3
< Medium WP 0
au A Eﬁi
- o xX 1077 =
3 =
3 x 1073
1073
1073

TPR
For the Higgs, statistics dominated

15

2D scan. Common TPR eb = ¢, and FPR ¢’ och = €

b

gsc

Obtain identical results w.r.t. full analysis if we take
on the plot the point TPR = 0.8, FPR = max(e}, €”)
(Medium WP):

€%-mea = 10.007,(0.0001], 0.003,|0.80]
€3:0ed = 10.09, 0.80, 0.06,0.004]}
— {97 87 C? b}



The assessment of the FCC-ee potential - Higgs

95% Upper limits on B(h — bs

1% Syst
............. Stat. only

10~1

102

FPR

s Medium WP

TPR
For the Higgs, statistics dominated

0 x 1073

7 x 107

5 x 1073

1% Syst

3 x 1072

_10—3

16

2D scan. Common TPR eb = ¢, and FPR ¢’ och = €

b

gsc

Obtain identical results w.r.t. full analysis if we take
on the plot the point TPR = 0.8, FPR = max(e}, €”)
(Medium WP):

€%-mea = 10.007,(0.0001], 0.003,|0.80]
€3:0ed = 10.09, 0.80, 0.06,0.004]}
— {97 87 C? b}

B(h — bs) < 9.6 x 107% @95%cL




The assessment of the FCC-ee potential - Higgs

Can set relevant phenomenological bounds for the Higgs flavor-violating couplings w.r.t. low-energy measurements
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The assessment of the FCC-ee potential - Higgs

Can set relevant phenomenological bounds for the Higgs flavor-violating couplings w.r.t. low-energy measurements

107

LD ydb(CZLbR)h + ybd(BLdR)h + h.c. -3

10~

Matching to WET, wilson for running, flavio/smelli

=
Dashed line - Using only the b tagger ;'Q} 0 //
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The assessment of the FCC-ee potential - Higgs

Can set relevant phenomenological bounds for the Higgs flavor-violating couplings w.r.t. low-energy measurements

L D ysb(ngR)h —+ be(ELSR)h + h.c.

Matching to WET, wilson for running, flavio/smelli

Solid line - Using both b and s taggers
Dashed line - Using only the b tagger
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The assessment of the FCC-ee potential - Higgs

Can set relevant phenomenological bounds for the Higgs flavor-violating couplings w.r.t. low-energy measurements

L D yuc(ﬂLcR)h -+ ycu(ELuR)h + h.c.

Matching to WET, wilson for running, flavio/smelli

Different Working Points (solid / dashed line)

No u-tagger used (however, performance would be improved!)
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The assessment of the FCC-ee potential - Z

For the Z, cannot put relevant bounds. Systematics (rel. error on tagging efficiencies 65 , 1%) dominated

Decay SM prediction exp. bound indir. constr.
107 limits on B(/Z% bS) 10— B(Z — bs) (4.2 +0.7)-1078 20 % 1073 6 x 1078
I3 x 107 (TPR, FPR, Ae?/e2) B(Z — bs) (95% CL)
: , A€/ €3 S 0
_10—5
= (0.4, 107, 1%) 1.8 x 1076
3% 1070 £,
g ¢ (0.4, 1074, 0.1%) 1.8 x 1077
1070
(0.2, 107", 1%) 4.2 x 1077
I —7
510 (0.2, 1075, 0.1%)
_10—7 /

Only then SM precision reachable (with very ambitious tagger performance)
€, 2 1072, limited by vertexing at FCC-ee

21 Barchetta, Collins, Riedler: 2112.13019



The assessment of the FCC-ee potential

Model-dependent analyses - type-I1I 2HDM
V2m;
v

2m;
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—/7 u =11 1 '
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The assessment of the FCC-ee potential

Model-dependent analyses - type-I1I 2HDM

LWET D Cg(gRbL)2 -+ Cé(ngR)2 -+ C4(§LbR)(§RbL)




The assessment of the FCC-ee potential

Model-dependent analyses - Insertion of vectorlike quarks

(D1, Dg) ~ (1,-1/3) (Qr, @r) ~ (2,1/6)
_ . o . Q Y Qi ‘ QM (i '
L2016 D %X;; (din"Ppd’) Z, + X % (d* Prd?)h + h.c. Li1q 2 g4 Xi; (@7 Prd’) Z + X5 =% (4" Prd? )b + h.c.
l Match l Match
gfb =0, ysp = ngmb/v, Ybs — ngms/v gg) L(Xg) + Xbc?g*)v gL — 07 Ysb — Xscimb/va Ybs — Xbc?sms/v

QCW

L D gl (57.br) 2" + g5 (SpYubr) 2"
‘|‘y3b(§LbR)h -+ yb8<bLSR)h -+ h.c.

Pulls from
g b — sZ¢ data

B, — B, mixing

\)

S — . -
0.1 0.0 o/
d d 24
Xsb o sz

0.1




Conclusion

* The role of FCC-ee for flavor physics is irrefutable

* The FCC-ee is probing very interesting regions of parameter spaces for H and
Higgs-related models

* Excluding flat directions

* FCC-ee not competitive with low-energy measurements for Z regarding FV BRs

25



Conclusion

(1.4 -

Decay SM prediction exp. bound indir. constr.  FCC-ee bound

h — bs (8.9+1.5)-1078 0.16 A 2 x 1072 * 9.6 x 10~

h — bd (3.8 +£0.6)-107° 0.16 A 1073 5 x 1073
B(h — cu (2.74+0.5) - 10720 0.16 A 2 x 1072 * 2.5 x 1073
B(Z — bs (4.2+£0.7)-1078 2.9 x 1073 6 x 1078 O(1075)
B(Z — bd 1.840.3) - 107 2.9 x 1073 6 x 1078 O(107°)
B(

-0.2) - 10718 2.9 x 1073

26

4 x 1077 2.3 x 1073



Thank you!

arman.korajac@pi.infn.it
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Z. FCNC fits

AGF Qem -, , ,
ra th;fs Z (0909 + Cs/)Og,) + 010010 + 01001() -+ C,,O,, -+ Cqu// + .. )

—HwET =
V2 A -
/ / C; = CPM +6C;
Oy = (svubrir)) ((4"0), 010 = (Swbrr)) ((v*350) ,  OF = (Svubrry) (Pey* (1 = y5)ve) ! t ¢

~Har=2 = Cvir(57.b1)° + Cvr(57ubr)* + CvLr(57ubL) (57ubR)
x107°

élie — NQL(R)QZEE,V ~ 6.04 X 103gfb<R)

0.5-
5C£8 0 = NgL(R)gZKE,A ~ —5.67 X 1O4gSLb(R) ﬁ
e’
—0.5"
(9:5)° _ (93)° gL,

Global minimum not reachable in this 2D —2.0 ~1.0 0.0 0.5
parameter space 2 gsLb x 10~




Z. FCNC fits

(C’g@g + CyOq + C10010 + C101p + C, O, + C,0,, +

- 4GF Qem

oVis D

o = (5vubr(ry) (4"0), 10 = (3brr)) (I*750) OV = (5v,ubriry) (Zey* (1 — v5)10)

~Har=2 = Cvir(57.b1)° + Cvr(57ubr)* + CvLr(57ubL) (57ubR)

L(R)

Cy pp = = Ng“ " g 00 v ~ 6.04 x 103

9ab

1.5
1.0+
0.5-
0.0

—0.5-

—1.01

—1.5

i = CPM 460,

x 104

x 104



Z. FCNC fits

4G em « rx
ra tb Vis Z (Cg@g + CyOy + C10010 + C1y01p + C, O, + C, 0, + )

s(al) — (g')’,ubL(R)) (27“5)» Ogg — (gwa(R)) (EVM%K) )

6C ) = Ngit™ g7y = 6.04 x 10%¢5

56%) 0w NgL(R)gZEE,A ~ —5H.67 X 1049£b(R)

5CY) = NghP®gy,,, ~ 567 x 104 g5

(95,)° (95)° gk gk
'®; _ S '®; _ S ’ '®; __ JsbIs
VL QmQZ 9 VR 9 QZ VLR mQZ

Oy = (57ubr(r)) (7er" (1 = 75)ve)

~Har=2 = Cvir(57.b1)° + Cvr(57ubr)* + CvLr(57ubL) (57ubR)

-------------------------------------------------------------------------
"
L]
.

————————————————————————————————————
-
~

10—2_

10-2

C; = CoM + 6C;

B(Z — cu) =4.0x 107*

B(Z — cu) =23 x 1073
Combined D decays fit

B(D"™ — 7w p™), full region
B(D" — p*p™)

B(D' — 7vp)



The assessment of the FCC-ee potential

For the Z, that is not the case

LD g(57ubr) 2"

-------------------------------------------------------------------------
Ll
-
.

—————————————————————————————————————
~

10

guc
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106 10—4 102

gg)(gR/VubR)Zu
+Ysb(SLOR)R + Yps(brsr)h + h.c.

B(Z — cu) =4.0 x 107*

B(Z — cu) =23 x 1077
Combined D decays fit

B(DT™ — wu™u™), full region
B(D® — p*p”)

B(D" — 7vp)



VLOQs - Lagrangians

—Lint Dy, G Hdy, + vl i Hul + yp @i, HDr + Mp D, Dp + h.c.

Lo =y @ Hdy + vy g Huly + b QrHdS + yiQrHuby + MoQrQr + h.c.

D 9 d 7 ' d My (3 ' Q 9 vQ(Finp. i QM (Fip_ i
Lyrq 2 sz‘j (d'v"Prd’) Z,, + Xv;jT (d'Prd’)h + h.c. Lyrg 2 2w Xii(d'y" Prd’) Zy + X5 - (d'Prd’)h + h.c.
g % g *
be = —2(3W (ng - Xgis ), gfb =0, ye = ngmb/v, Yps = Xglsms/v gg, = Yen (Xi + le?s ), g.fb =0, Ysb = Xg)mb/v, Ybs = le?gms/v

(Dr,Dg) ~ (1,-1/3) (Qr,Qr) ~ (2,1/6)
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Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model

H POIS( (np.ns) _(nb,ns)(MaV)> p(v)

nb nS

(75, m5) = {(0,0),(0,1),(1,0),(2,0),(0,2), (1,1)}
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Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model

H POIS( (np.ns) _(nb,ns)(MaV)> p(v)

nb nS

(75, m5) = {(0,0),(0,1),(1,0),(2,0),(0,2), (1,1)}

N(nb,ns) — Z p(nbans|f7 V)Nf(y)
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Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model

N(nb,ns) — Z p(nbans|fa V)Nf(V)
f=Dbkg.,bs

min(ng,1) min(ns,1—np.1)

p(np,ng|f,v) = Z Z p(nb;l

71)P(Ns:1 |71, b1 )p(np:2|72)p(ns:2| g2, nb:2)

Possible configurations for the bin (7, ns) = (1,1):
(nb;la nNp:2,Ns;1, ns;Q) = (‘1, 0, 0,1)

(nb;la ny:2, n8;17n8;2) — (07 ]-7 17 O)
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Analysis framework G

Faroughy, Kamenik, Szewc, Zupan: 2209.01222

3) Probabilistic model

N(nb,ns) — Z p(nbans|fa V)Nf(V)

f=Dbkg.,bs
min(ng,1) min(ns,1—np.1)
p(nbans|f7 V) — Z Z p(nb;lul)p(ns;l‘jlanb;l)p(nb;2|j2)p(ns;2 j27nb;2)

nb;lzo ns;lzo

n

. . e s . . B k.7 , — k 1 — n—k
(anti)-b-tagging probability if n;,.; = 1(0): p(nb;l ‘]1) — Blnom(nb;ly 1, 6?) inom(k, n, p) (k)p (1 —p)

S

(anti)-s-tagging probability if n.; = 1(0),

. : €q
conditioned over the n,., flavor tagging: p(n331 ‘]1’ nb?l) = Binom (nS?l’ 1= Ttb;15 1 — e )
’ 1
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