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2HDM scalar potential
e With CP-conserving, and a imposed Z, symmetry
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Three neutral Higgs bosons (h, H, A)

— 4 and a H* pair:
P = ( (Va + pa +ima) [V2 ) LK

My, My, Ma, My,
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2HDM Type-|

Z2-symmetry —) four types

Model o
N
Type 11 P, d, b =
Lepton-specific | ®, | Dy 0N
Flipped o, g P,
LI, = = > ZL(eTrh+hTrH - i€hTrs A) 6| & & 3
f=udt : . :
h | cosa/sinf | cosa/sinf | cosa/sinf
2V _ 2mE4
— { \/_? 4 7 (muf_ipl_ + -rndﬁif—'ﬂ) dH* + \/_'r:EE.fl UL_'fRH+ + H.(:.} H | sina/sinf | sina/sinf | sine/sinp
A cot 3 —cot 3 —cot 3

Study light charged Higgs with H* +h production



Code with: 2HDMC, HiggsSignals, HiggsBounds, Superlso ...

Perturbativity
Unitarity

Vacuum stability

Theoretical constraints still alive
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The CMS Collaboration, Phys. Rev. Lett. 123, 131802 (2019)



Parameter space scans: production

alignment limit: maximise g pp — H*h ->W *hh
O haws = COS(IB_a) light charged Higgs, mHi <M

with an off-shell W boson
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Cross se Ct| on R. Enberg, W. Klemm, S. Moretti, S. Munir, arXiv:1812.08623 5



Parameter space scans: decay
— h>y fermiophobic h sin(f-a)—0

pp = H*h ->W*hh _
— h—bb
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First process

soft y from h — v

[YW, A. Arhrib, R. Benbrik, M. Krab, B. Manaut, S. Moretti, Q.S. Yan J. High Energ. Phys. 2021, 21 (2021)]

op — H*h — WEYhh — ly, + 4y

Jnt’_'[H:t

sin(f8 — )

tan 3

o13(W + 4y) [fb]

a14(W + 4v) [fb]

all BPs: m,=125 GeV, m *<m,

on-shell W boson

off-shell W boson

large signal

Cross sections



Signal:. pp — HTh — WEWhh — (y, + 4y
SM Backgrounds: with fake photons (j->Y)

invariant mass for y-y _ BP5

After selecting |+4y, almost SM background free !

Process |Cross section (fb) fJAfter selection

W= 4 450y 145890

W* + 351y 1730

W= + 252~ 10.2

W+ + 1535 0.0282 invariant mass for H' —BP5

W= 4+ 044y 1.69 x 1073

Significance : above 10 oc=—"

Bps |1 |2 (3|45 |6 |7 8|9 |10]11 12|13 | 14

o13Tev [12.1]23.7]6.7(9.4|27.4|32.6(29.2|25.2|23.9|20.8{20.2|20.3{19.9(19.9

Tty | 12.5(24.4/7.0(9.8]28.4(33.9(30.3(26.2|24.8(21.8|21.1(21.0/20.8{20.8

Simulate with MadGraph5_aMC@NLO + Pythia + Delphes (ATLAS card) for 13 TeV and 14 TeV



Scan for (Mh, MH?*), the maximun significances

m, = %MH:62.5 GeV

p!>10 GeV, p_>20 GeV
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Scan for (sin(B - a), tanf8), the maximun significances

p/>10 GeV, p'T>20 GeV
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[ZhenLi, A. Arhrib, R. Benbrik, M. Krab, B. Manaut, S. Moretti, Q.S. Yan, YW ,arXiv:2211:xxxxx]

Second process pp—>H*h—->W*hh—I1"v+4b

all BPs: my=125 GeV, m *<m,, with

an off-shell W boson: soft leptons

light Higgs mass: soft b-jets

parameters| My | Mg | Ma | Mye [sin (5 — o) |tan 3| mis |o(W + 4b) (M)
BP1 65.11|125.00|112.07( 88.51 -0.061  |51.14| B2.33 B07.69
BP2 GO.88|125.00 | 108.31| 85.50 -0.059  [41.90(113.63 G70.00
BP3 69.12|125.00|106.14 ( 90.62 -0.092  |40.63(115.73 Gi64.89
BP4 64.39)125.00|107.74|1107.61| -0.059 |45.03] 90.47 521.93
BP5 65.20|125.001104.30(106.02| -0.064 |57.64| 73.50 D25.88
BPG GE.63|125.00)114.53|115.66| -0.098 |48.67| 96.16 397.13
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Event Generation:

Simulate with MG5 + Pythia + Delphes (ATLAS card):

Signal

BKG:

m(l.5)| < 2.5, pr(i.l) > 10 GeV, R(1l/jj) > 0.4, MET > 5 GeV, (PC1)

(L, )| < 2.5, pr(j.1) > 20 GeV, R(1l/jj) > 0.5, MET > 5 GeV, (PC2)

pp > H"h—>W"hh —I"v+4b
tt/W +4b/W +2b2 /W + 4]/ Ztb

o (parton cut) (fb) | BP1 | BP2 | BP3 BP5 | BP6 Jtfiyjjen frobbbb|wijbb| wijii | zthejjee
parton-cut 1 20.92126.26 | 26,52 §85680 § 10 13480647170 -
parton-cut 2 54980 | 1.48 | 2040 |127550(9.3 =102
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Event Selection:

three categories: 4b0j, 3blj, 2b2]

TABLE IV. Cross section of signal for BPs TABLE V. Cross section of background

BPs |BP1 |BP2 |BP3|BP4|BP5 | BP6 tiyjjon | whbbb | wijbb (wijjj| zth.;j
PC1 4b0j|1.646 [0.993{1.389|1.554|1.507 | 1.473 PC1 4b0j (fb)| 572.96 - 36.69 | - -
PC1 3b1j|5.3953.127|4.412(5.197|5.005 |4.763 PC1 3blj (fb) [ 5229.5 - 354.22 | - -
PC1 2b2j| 8.30 [4.703)6.648[8.020(7.748 [7.221 PC1 1b2j (fb) |29600.6 - 2350.03| - -
PC2 4b0j|0.1530.070{0.122{0.317]0.300|0.313 PC2 4b0j (fb)| 98.84 | 8.6x1077 | 4.54 | 6.96 [9.53x10~°
PC2 3b1j|0.470 |0.212{0.384(1.013[0.9480.994 PC2 3blj (fb) | 1658.4 |2.61x10™"| 56.92 | 89.81 [2.56x10~7
PC2 2b2j[0.573[0.260{0.468 |1.281|1.206 | 1.255 PC2 1b2j (fb)|14704.8(3.34x 101 | 522.13 (939.82|3.02 x 102
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kinematic cuts:

e.g.:

MNormalized Events
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Scan for

Significance :

(Mh, MH?*), the maximun significances
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[ZhenLi, A. Arhrib, R. Benbrik, M. Krab, B. Manaut, S. Moretti, Q.S. Yan, YW ,arXiv:2212:Xxxxx]

Third process H*h—>1*v+2r+2b > 1*v+1*vv+7,bb

212b final states e
preliminary results
Similar with 4b

Rebuilt litleHiggs Mass —h le_ve_taujet

I I @ 120 T T — | 2
with same sign leptons observable g T AR °
T i ]
% 100 -
main background is still ttbar 5 :
E T :
. , : At | ra al w2 | hiwr L oro 60— —
parameters| My | My | Ma | M3 [sin(f —a)|tanF| My, |op(W +2b27) _ i
BP1 |65.11|125.00{112.07| 88.51 | -0.06 |51.14|82.33 69.51 40— ]
BP2 |69.88(125.00[108.31| 85.50 | -0.06 |41.90[113.63 58.84 201 i
BP3  [69.12/125.00{106.14] 90.62 | -0.09 [40.63|115.73 57.81 ] ]
¥ II.. d | | | | ——1 | I. - | | £
parameters| My, | My | My | M3 [sin(8— a)|tan8| MZ, | off (W + 4b) %0 50 60 70 80 %0 100
LittleHiggs Mass GeV/c
BP4 |64.39|125.00(107.74|107.61| -0.06 [45.03|90.47 14.83
BP5  [65.20/125.00{104.30(106.02| -0.06 |57.64| 73.50 15.27
BP6  |68.65|125.00(114.53{115.66| -0.00 [48.67|96.16 34.49 16




Conclusions

e A charged Higgs is always predicted in the multi Higgs doublet model.
e Always hard to detected, owing to reduced couplings to the SM.

e In the 2HDM Type-I, there are W+4y, W+4b, W+2b2T final states by H*+h production
with approximated fermiophobic.

e Our analysis has been a detector level study exploiting full MC event generation.

e We provide analysis for W+4y, W+4b, W+2b2T signals, which would be helpful for
experiments.
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Thank you for your attention!
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charged Higgs production and decay

e production:

e gh>tH™ and gg » thH"™

e gg > W*H™ and bb > W*H~
e gg > H*H™ and qq » HYH™
e qq > H*¢

e Sc,bc > H?Y

ot > bH"

e decay

e H* - bc,5c,bt, v  Fermionic decay
e H* > W*y,W*Z Bosonic decay
e HY > Wt¢
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parameter scan

e B-physics with Superlso v4.1:

(O bservable Experimental result SM prediction

BR(B —+ X.7) (3.32£0.15) x 10-4 [10] [(3.34 £ 0.22) x 10~

BR(B, — p*p~)[(3.0£ 0.6 £0.25) x 1077 [11]](3.54 £ 0.27) x 10~?

BR(B, —+ mv) (1.06 £ 0.19) x 10~* [10] [(0.82 +0.29) x 10~*

e EW S=005+011, T=009+013 U=0.01+0.11.

e Collider: exclusions from nil searches for Higgs boson companions, via
HiggsBounds-5.9.0, and measurements of the SM-like Higgs boson properties, via

HiggsSignals-2.6.0 (for which we have enforced a best fit at 95.5% CL)



